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Preface to the Seventh Edition

Omnby four years have passed since the sixth edition of Texbook of Microbiologywas published, but rapid developments
i the subject have made a new edition necessary. During this short period, new infectious diseases have emerged
of re-emerged in new forms. For example, Severe Acute Respiratory Syndrome (SARS) virus appeared suddenly
causing death and panic in many countries, and the Bird Flu virus posed repeated pandemic threats.

Microbiology has become an increasingly important discipline, set to face new challenges. Exciting advances in
diagnostic microbiology using sophisticated techniques can help in the rapid identification of new pathogens and
serve to contain them. This was shown by the identification of the new SARS virus within weeks by concerted multi-
disciplinary international effores. While such sciennfic progress is a boon, some of it can be potentially dangerous, as
for instance in the recent case of chemical synthesis of a complete pathogenic poliovirus in the laboratory.

In this edition, the seventh, relevant new information has been added and all chapters revised and updated,
maintaining the general format of the book. The Texthook of Microbiology has been in use now for more than a
quarter of a century. It has benefired greatly from the cormments and suggestions from students, teachers and other
readers.

Their help is gratefully acknowledged.

C.K. Jayaram Paniker
Shantha, 173833, East Hill Road,
Calicur, Kermla 637 0.

Preface to the First Edition

Many of the health problems in developing countries like India are different from those of developed countries.
Bacterial diseases still play a considerable role in diseases in our country. Topics such as cholera and enteric diseases
arc important tous though only of less or academic interest to the developed countries. The increasing importance
of the newer knowledge in immunology to health and disease s nor adequately stressed in most of the extant
textbooks. Virus diseases which are responsible for nearly 60 per cent of human illness require wider coverage. The
general approach to the teaching of microbiology in our country has also been rather static. All these factors called for
a textbook of microbiology more suited to countries like India.

We therefore undertook this endeavour based on our experience of teaching undergraduates and postgraduates for
over two decades. We omitted the discipline of parasitology from our book since we already have an excellent
rexthbook an the subject published in India.

“This book has taken us over three years to write and over a year in publication. Naturally we would be out of date to
a certain and mevitable extent. We do not claim any perfection. On the contrary, we have requested medical
students and teachers all over the country to write to us about any shortcomings and give us suggestions as to how
to improve the book. We shall spare no pains in seeing that their valuable suggestions are given effect to in our
second edition,

R. Ananthanarayan
C.K. Jayaram Paniker
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Medical microbiology is the study of microbes that
infect humans, the diseases they cause, their
diagnosis, prevention and treatment. It also deals
with the response of the human host to microbial
and other antigens.

Disease and death have always held the
attention of the human mind. Ancient humans
ascribed them to divine wrath and other supernarural
torces. Later, other concepts such as the effect of
the environment, of bodily constitution and of faulry
diet were proposed. There have been, from very
early imes, occasional suggestions that diseases may
result from invasion of the body by external
contagion. Varo and Columella in the first century
BC postulated that diseases were caused by invisible
beings (Animalia minuta), inhaled or ingested.
Fracastorius of Verona (1546) proposed a
contagium vivum as a possible cause of infectious
disease and von Plenciz (1762) suggested that each
disease was caused by a separate agent. Kircher
(1659) reported finding minute worms in the blood
of plague victims, but with the equipment available
to him it is more likely that what he observed were
only blood cells.

As microbes are invisible to the unaided eye,
definitive knowledge about them had to await the
development of microscopes. The credit for having
first observed and reported bacteria belongs to
Antony van Leeuwenhoek, a draper in Delft,
Holland, whose hobby was grinding lenses and
observing diverse materials through them. In 1683
he made accurate descriptions of various types of
bacteria and communicated them to the Royal
Society of London. The significance of these

Historical Introduction

observations was not realised then and to
Leeuwenhoek the world of “lirtle animalcules” as
he called them, represented only a curiosity of
nature. It was only some two centunes later that
their importance in medicine and biology as a whole
came to be m:n‘g;n.i.ﬁed.

The earliest discovery of a pathogenic
microorganism was probably made by Augustino
Bassi (1835), who showed that the muscardine
disease of silkworms was caused by a fungus.
Davaine and Pollender (1850) observed anthrax
bacilli in the blood of animals dying of the diseasc.
In fact, even before the microbial etiology of
infections had been established, Oliver Wendell
Holmes in the USA (1843) and Ignaz Semmelweis
in Vienna (1846) had independently concluded that
puerperal sepsis was contagious. Semmelweis also
identified its mode of transmission by doctors and
medical students attending on women in labour in
the hospital and had prevented it by the simple
measure of washing hands in an antiseptic solution,
for which service to medicine and humanity, he
was persecuted by medical orthodoxy and driven
nsane,

The development of microbiology as a scientific
discipline dates from Louis Pasteur (1822-95).
Though trained as a chemist, his studies on
fermentation led him to take an interest in
microoganisms. He estabhished that fermentation
was the result of microbial activity and that different
types of fermentations were associated with different
types of microoganisms (1857). The basic principles
and techniques of microbiology were evolved by
PIEIWI dl.l.r].ng hlli I:l'.l.quir_f IIl'l‘“:l thﬂ ﬂl.'igil'l ‘Df
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microbes. This was then the subject of much
controversy. Needham, an Irish priest, had in 1745
published experiments purporting the spontancous
generation (abiogenesis) of microorganisms in
putrescible fluids. This view was opposed by
Spallanzani, an Italian abbot (1769). In a series of
classic experiments, Pasteur proved conclusively that
all forms of life, even microbes, arose only from
their like and not de novo. In the course of these
studies, he introduced techniques of sterilisation
and developed the steam steriliser, hot-air oven and
autoclave. He also established the differing growth
needs of different bacteria. His work artracted such
attention and he attained such eminence in the
world of science that not only France but all Europe
looked to him to solve major problems in various
fields. Thus started his studies on pebrine, anthrax,
I:I'Ii.l:!k:‘ﬂ I:!I'IﬂII:TE. E.I'I.IEI h}‘dmphﬂhia- ...'5l.l'.| lli.'l.'i.dfﬂtﬂl
observation that chicken cholera bacillus cultures
left on the bench for several weeks lost their
pathogenic property but retained their ability to
protect the birds against subsequent infection by
them, led to the discovery of the process of
attenuation and the development of hve vaccines.
He attenuated cultures of the anthrax bacillus by
incubation at high temperature (42-43 °C) and
proved that inoculation of such cultures in animals
induced specific protection against anthrax. The
success of such immunisation was dramatically
demonstrated by a public experniment on a farm at
Hmui][}r-!:-F{rrt (1881) during which vaccinared
sheep, goats and cows were challenged with a
virulent anthrax bacillus culture. All the vaccinated
animals survived the challenge, while an equal
number of unvaccinated control animals succumbed
to it. It was Pasteur who coined the term vaccine
for such prophylactic preparations to commemorate
the first of such preparations, namely cowpox,
employed by Jenner for protection against smallpooe.
The greatest impact in medicine was made by
Pasteur’s development of a vaccine for hydrophobia,
TI'.I.i.E- Wias H.L'E]ﬂ.llmt'l'j t].'ITIJLIH]'I.UL'I.E Ll.'“: “'Ur]d. TI'.H'.'
Pasteur Institute, Paris was built by }'rul:llii:

contributions and similar institutions were
established soon in many other countries for the
preparation of vaccines and for the inw:srigariun of
infectious diseases,

An immediate application of Pasteur's work was
the introduction of antiseptic techniques in surgery
b}r Lister (1867) :fﬁ:n:ting a pmnuuncr.d dru]:r in
mortality and morbidity due to surgical sepsis.
Lister's antiseptic surgery involving the use of
carbolic acid was cumbersome and hazardous but
was 2 milestone in the evolution nfsurgi-;:al Pra:ti:::
from the era of ‘laudable pus' to modern aseptic
techniques.

While Pasteur in France laid the foundations
of microbiology, Robert Koch (1843-1910) in
Germany perfected bacteriological techniques
during his studies on the culture and life cycle of
the anthrax bacillus (1876). He introduced staining
techniques and methods of obtaining bacteria in
pure culture using solid media. He discovered the
bacillus of tuberculosis (1882) and the cholera
vibrio (1883).

Pasteur and Koch attracted many gifted disciples
who discovered the causative agents of several
bacterial infections and enlarged the scope and
content of microbiology by their labours. In 1874
Hansen described the leprosy bacillus; in 1879
Neisser described the gonococces; in 1881 Ogston
discovered the at:aph}rlu:m:cuy, in 1884 Loeffler
izolated the diphtheria bacillus; in 1884 Nicolaier
observed the tetanus bacillus in soil; in 1886
Fracnkel described the pneumococcus; in 1887
Bruce identified the causative agent of Malta fever;
in 1905 Schaudinn and Hoffmann discovered the
spirochete of syphilis.

Roux and Yersin {1888) identified a new
mechanism of pathogenesis when they discovered
the diphtheria toxin. Similar toxins were identified
in tetanus and some other bactena. The tovins were
fnund Loy I'.H: E-FI:Ei.'FIEE.II}' I'.I.EHII'IIII‘Sl:d b:f t].'ll:il'
antitoxing. Ehrlich who studied toxins and andtoxins

in quantitative terms laid the foundations of
Hnlc:g‘ical standardisation.
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The causative agents of various infectious
diseases were being reported by different
investigators in such profusion that it was necessary
to introduce criteria for proving the claims that a
microorganism isolated from a disease was indeed
causally related to it. These criteria, first indicated
by Henle, were enunciated by Koch and are known
as Koch's postulates. According to these, a
microorganism can be accepted as the causative
agent of an infectious disease only if the following
E[)I'I.diﬁﬂl.'lE- are ﬁatiﬁﬁﬂdl
1. The bacterium should be constantly associated

with the lesions of the disease.

2. It should be possible to isolate the bacterium in
pure culture from the lesions.

3. Inoculation of such pure culture into suirable
lﬂhﬂmmf}' l'l'lIIITIHIE- EI'HJ'LLIL! Tl:'PI[:I'I'j.L'I.L'C th: 1l:1iiﬂ1'l!"|
of the disease.

4. 1t should be possible to reisolate the bacterium
in pure culrure from the lesions produced in
the experimental animals.

An additional critenon introduced subsequently
requires that specific antibodies to the bacterium
should be demonstrable in the serum of patients
suffering trom the disease. Though it may not
always be possible to satisfy all the postulates in
every case, they have proved extremely useful in
sifting doubtful claims made regarding the causative
agents of infectious discases.

By the beginning of the twentieth century, many
infectious diseases had been proved to be caused
by bactena. But there remained a large number of
diseases such as smallpox, chickenpox, measles,
influenza and the common cold for which ne
ha:t:ria! CALUSE EIDII].EI ht‘ Eﬁmh]i.ﬁ]'l:d. DUI'III'IE hi.i-
investigation of rabies in dogs, Pasteur had suspected
thar the disease could be caused by a microbe too
small to be seen even under the microscope. The
existence of such ultramicroscopic microbes was
proved when Ivanovsky (1892) reproduced mosaic
disease in the tobacco plant, by applying o healthy
leaves juice from the diseased plants from which
all bacteria had been removed by passage through

fine filters. Benjerinck (1898) confirmed these
findings and coined the term virus for such filterable
infectious agents. Loeffler and Frosch (1898)
observed that the toot and mouth disease of cartle
was caused by a similar filter-passing virus. The
first human disease pmw:d o have a viral :tiulnga.'
was yvellow fever. The US Army Commission under
Wialter Reed, investigating yellow fever in Cuba
(1902} established not only that it was caused by a
filterable wirus but also thar it was transmitted
through the bite of infected mosquitoes. Landsteines
and Popper (1909) showed that poliomyelitis was
L"H.'Ll!il'.'d IJ_"II' d ﬂjttfﬂhl: "u"II]'LlEi H.I'.Ili tranﬁmitt:d tl'.H:
disease experimentally to monkeys. Investigation of
viruses and the diseases caused by them was
rendered difficulr as viruses could not be visualised
under the light microscope or grown in culture
media. T'hnuEh the 1.1:'g¢r virnaes could be seen
after appropriate staining under the light
microscope, detailed study of their morphaology had
to wait till the introduction of the electron
microscope by Ruska (1934) and subsequent
refinements in electron micmscnpic techniqu:s-
Cultivation of viruses was possible only in animals
ot in human volunteers till the rechnique of
growing them on chick embryos was developed by
Goodpasture in the 1930s. The application of tissue
culture in virology expanded the scope of virological
tﬂl:]'l.l'.liqu:i Cﬂnli:i.dl:ﬂbl}".

The possibility that virus infection could lead
to malignancy was first put forth by Ellerman and
Bang (1208). Peyron Rous (1911} isolated a virus
causing sarcoma in fowls, Several viruses have since
been isolated which cause natural and experimental
tumours in animals and birds. Viruses also cause
malignant transformation of infected cells in tissue
culture, The discovery of viral and cellular
oncogenes has shed light on the possible
mechanisms of viral oncogenesis. After many
decades of futile search, positive proof of a virus
l:au.'sing I'I.'I,.I.I'I'Iﬂl'.l maligna.nq-‘ Was fﬁtﬂhliﬁ]‘l:d 'H"hf]"l.
the virus of human T-cell leukemia was isolared in

1980.
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Twort (1915) and d'Herelle (1917)
independently discovered a lytic phenomenon in
bacterial culrures. The agents responsible were
termed bacteriophages —viruses that attack bactena.
Early hopes that bacteriophages may have
therapeutic applications had to be abandoned but
thc5t 'Lril'll:"itﬁ hﬂ'lu"ﬂ I'.lﬂi.l.{ UHEIFEETEL{ El:llfnriﬁl'
dividends. The essential part of viruses is their core
of nucleic acid which acts as the carner of genenc
information in the same manner as in hgher
organisms. [ he discipline of molecular biology owes
its origin largely to studies on the genetics of
bacteriophages and bacteria.

It had been noticed from very early days thar
persons surviving an attack of smallpox did not
develop the disease when exposed to the infection
subsequently. This observation had been appled
for the prevention of the discase b}r Fmducing a
mild form of smallpox intentionally (variclation).
This practice, prevalent in India, China and other
ancient cvilisations from time immemonal, was
introduced in England by Lady Mary Wortley
Montague (1718) who had observed the custom
in Turkey. Variolation was effective but hazardous.
Jenner, observing the immunity to smallpox n
milkmaids who were exposed to occupational
cowpox infection, introduced the technique of
vaccination using cowpox material (1796). This was
the first instance of scientific immunisation and,
though introduced empirically, has stood the test
of time. Jenner’s vaceination paved the way for the
ultllmltlﬂ l:nlili.i:ﬂl'll(]n I:]j'- !'i-l'l'.lﬂ.”.'p{]:'i.

The next major discovery in immunity was
Pasteur's development of vaccines for chicken
cholera, anthrax and rabies. While the techniques
introduced by him were successful, the mechanism
of protection afforded by them remained obscure.
The explanation of the underlying mechanism came
from two sources, Nurttall (1888) observed that
defibrinated blood had a bactericidal effect, and
Buchner (1889) noticed that this effect was
abolished by heating the sera for one hour at 55 *C.
The heat labile bactericidal factor was termed

H

alexine’. A specific humoral factor or ‘antibody
was described by von Behring and Kitasato (1890)
in the serum of animals which had received
sublethal doses of tetanus toxin, Pleiffer (1893)
demonstrated bactenicidal effect in vivo by injecting
live cholera vibrios intraperitoneally in guinea pigs
previously injected with killed vibrios. The vibrios
were shown to undergo lysis. The humoral nature
of such lytic activity was proved by Bordet (1895),
who defined the two components pm‘ticipating m
the reaction, the first being heat stable and found
in ammune sera (antibody or substance
sensibilicatrice) and the second being heat labile
and identical with Buchner's alexine, subsequently
named ‘complement’. Soon a number of other ways
were demonstrated in which antibodies react with
antigens, such as agglutination, precipitation,
complement fixanion and neutralisation.
Metchnikoff (1883) discovered the phenomenon
of phagocytosis and proposed the phagocytic
response as the prime defence against the microbial
invasion of tissues. This led to the cellular concept
of immunity. Polemics regarding the significance
of the cellular and humoral mechanisms of
inmunity were largely put to rest with the discovery
by Wright {1903) of opsonisation, in which
antibodies and phagocytic cells act in conjunction.

Prior experience with a microorganism or other
antigen did not always result in the beneficial effect
of immunity or protection. At times it caused the
opposite effect. Kach (1890) had noticed that when
the tubercle bacillus or its protein was injected into
3 guinea pig already infected with the bacillus, an
exaggerated response took place — a hypersensitivity
reaction known as Kochs phenomenon. Portier
and Richet (1902), stud_fing the effect of the toxic
extracts of sea anemones in dogs made the
paradoxical observation that dogs which had prior
contact with the tomn were ﬂhnunﬂ:]l:,' sensitive
to even minute quantities of 1t subsequently. This
phenomenon was termed anaphylaas, Later, many
both
experimentally and in nature, of injury, disease or

similar reactions ‘were ohbserved,
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even death resulting from repeated contacts with
antigens. The importance of this phenomenon, in
the pathogenesis of many human diseases, led to
the development of the discipline of allergy.

The characteristic feature of immunity, whether
it is protective or destructive (as in allergy), is its
specificity. As the mediators of humoral immunity
(antibodies) are g]uhulinﬁ, the :rp]anatinn for the
exquisite specificity of the immunological reaction
had to await the advances in protein chemistry. The
pioneering work of Landsteiner laid the foundations
of immunochemistry. Chemists dominated the srady
of immunity for several decades, and theories of
antibody synthesis were postulated by them, which
EUmEijEﬁ ran counter to hi.UIL'Iﬂ;L'EJ. IIWE- [I'I. 19551
Jerne proposed the natural selection theory of
antibody synthesis which attempted to explain the
chemical specificity and biological basis of antibody
synthesis, signifying a return to the original views
aof anﬁhm:i}-' formation pmrms-:d h1.-' Ehrlich {1898).
Burnet {1957) modified this into the clonal
selection theory, a concept which, with minor
alterations, holds sway even now. The last few
decades have witnessed an explosion of conceptual
and technical advances in immunology.
Immunological processes in health and disease are
now better understood following the identification
of the two components of immunity — the humoral
or antibody mediated processes and the cellular or
cell mediated processes — which develop and are
manifest in separate Pra.thwaj.rs.

Till !‘l:-l:i:nll}", a t:]mlngic:ll view of Immunity
prevailed. 1t was considered a protective mechanism
designed to defend the body against invasion by
microorganisms. Based on the original suggestion
of Thomas (1959), Burnet (1967) developed the
concept of immunological surveillance, according
to which the primary function of the immune
system is to preserve the integrity of the body,
seeking and destroying all ‘foreign’ antigens,
whether autogenous or external in origin.
Malignancy was visualised as a failure of this
function, and the scope of immunity was enlarged

to include natural defence against cancer. Another
aspect of this role of immunity is in the rejection of
homografts. Understanding of the immunological
basis of transplantation, largely due to the work of
Medawar and Burnet, made successful transplants
possible by elective immunosuppression and proper
selection of donors based on histocompatibility. The
history of transplantation thus runs parallel to the
I'.IiETI.'!r}" l:]"- blﬂﬂd I:ransfusinn, 'H'h;i.l'l. Wk
unsuccessful and even fatal before the discovery of
blood groups by Landsteiner {1900).

In the early twentienth century, attempts were
made to exploit the immunological information
available by the development of vaccines and sera
for the prophylaxis and treatment of infectious
diseases. Till Domagk (1935) initiated scientific
chemotherapy with the discovery of prontosil,
antisera were the only specific therapeutic agents
available for the management of infectious diseases.

Fleming (1929) made the accidental discovery that
the fungus Penicillium produces a substance which
destroys staphylococes. Work on this at Oxford by
Florey, Chain and their team during the Second World
War led to the isolation of the active substance
penicillin and its subsequent mass production. This
was the beginning of the annbiotic era. Other similar
antihiotics were discovered in rapid succession. ¥With
the sudden availability of a wide range of antibiotics
with potent antibacterial activity, it was hoped that
bactenal infections would be controlled within a short
I'.H:I'II[]'EI. El.lt SO(H ﬂ'lﬂ dﬂﬂﬂ.ﬂ]‘l’]‘!’nﬂﬂt I:]fdl"l.lﬂ TE'EC.I.Emﬂ.L'E
in bacteria presented serious difficulties.

With the development of a wide variety of
antibiotics active against the whole spectrum of
pathogenic bacteria, and of effective vaccines against
most viral diseases, expectations were raised about
the eventual elimination of all infectious diseases.
The global eradication of smallpox inspired visions
of similar campaigns against other major pestilences.
However, when new infectious diseases began tor
appear, caused by hitherro unknown micro-
organisms, or by known microbes producing novel
manifestations, it was realised that controlling
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microbes was a far more difficult task than was 1901
imagined. The climax came in 1981 when AIDS 1502
was identified in the USA and began its pandemic }%
spread. Unceasing vigil appears essential to protect g0
humans from microbes. 1913
Apart from the obvious benefits such as specific 1919
methods of diagnosis, prevention and control of 1926
infectious diseases, medical microbiology has 1928
contributed to scientific knowledge and human %ggg
welfare in many other ways. Microorganisms 1945
constitute the smallest forms of living beings and,
therefore, have been employed as models of studies 1951
on genetics and biochemistry. As nature’s laws are 1952
universal in app]iml'inn, information derived from 1954
the investigation of microbes holds true, in the main, }ggg
for humans as well. 1965
Studies on microorgamsms have contnbuted,
more than anything else, to unravelling the genetic 1966
code and other mysteries of biology at the molecular 1969
level. Bacteria and their plasmids, yeasts and viruses 1972
are routinely employed as vectors in recombinant  jg-c
DNA technology. They have made available
precious information and powerful techniques for 1976
genetic manipulation and molecular engineering,
They need to be used wisely and well for the benefit 1978
of all living beings. 1960
The number of Nobel laureates in Medicine  jgg4
and Physiology awarded the prize for their work
mm microbiology, listed below, is evidence of the 1987
positive contribution made to human health by the 1989

science of micrnhiulng}r_ iggg

Emil A von Behring
Ronald Ross

Robert Koch

CLA Laveran

Paul Ehrlich and Elie Metchnikoff
Charles Richet
Jules Bordet
Johannes Fibiger

Charles Nico

Karl Landsteiner

Gerhardt Domagk

Alexander Fleming, Howard Florey and EB
Chain

Max Theiler

Selman A Waksman
JF Enders, FC Robbins and TH Weller
W Beadle, Joshua Leder and EL Tatumn
Macfarlane Burnet and Peter Brian Medawar
Francois Jacob, Andre Lwoff and Jacques
Monod

Peyton Rous

E’Iu Delbruck, AD Hershey and Sabvador

uria

Gerald Edelman and Rodney Porter

David Baltimore, Renato Dulbecco and
Howard M Temin

5 Baruch, Blumberg and Carleton
Gaydusek

Arber, ID Nathans and HO Smith

Emil Benacerraf, Jean Dausset and George

ne

Niels Jerne, Cesar Milstein and Georges
Kohler

Susurmnu Tonegawa
J. Michael Bishop and E Varmus

Paul Dﬁh:rtr Rolf Zinkernagel
Stanley Prusiner
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of Bacteria

Microorganisms are a heterogeneous group of
several distinct classes of living beings. They were
onginally classified under the plant and animal
kingdoms. As this proved unsatisfactory, they were
classified under a third kingdom, the protista. Based
on differences in cellular organisation and
biochemistry, the kingdom protista has been divided
into two groups prokaryotes and ecukaryotes.
Bacteria and blue green algae are prokaryotes,
while fungi, other algae, slime moulds and
protozoa are eukaryotes.

Bacteria are prokaryonic microorganisms that
do not contain chlorophyll. They are unicellular
and do not show true branching, except in the so-
called ‘higher bacteria’ (Actinomycetales).

Morphology and Physiology

SIZE OF BACTERIA

The unit of measurement used in bacteriology is
the micron (micrometre, pm)
1 micron (p) or micrometre (pm) = one
thousandth of a millimetre.

1 millimicron (mp) or nanometre (nm} = one
thousandth of a micron or one millionth of a
millimetre.

1 Angstrom unit (A) = one tenth of a nanometre.

The limit of resolution with the unaided eye is
about 200 microns. Bacteria, being much smaller,
can be visualised only under magnification. Bactena
of medical importance generally measure 0.2-1.5
pm in diameter and about 3-5 pm in length.

Table 2.1 Some differences between prokaryotic and eukaryotic cells

Character Prokaryotes Eukaryotes
Mucleus
Muclear membrane Absent Present
Mucleolus Absent Present
Deoxyribonucleoprotein Absent Presemt
Chromosome Omne (circular) Moare than one (linear)
Mitotic division Absent Present
Cyroplasm
Cytoplasmic streaming Absent Present
Pinocytosis Absent Present
Mitochondria Absent Present
Lysosomes Absent Present
Golgi apparatus Absent Present
Endoplasmic reticulum Absent Present
Chemical composition
Sterols Absent Present
Muramic acid Present Absent
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MICROSCOPY

The morphological study of bactena requires the
use of microscopes. Microscopy has come a long
way since Leeuwenhoek first observed bacteria over
three hundred years ago using hand-ground lenses.
The following types of microscopes are employed
now,

Optical or Hght microscope: Bacteria may
b: txamincd 'I.I.I'I.dl:!' l'I'.IE El'.l-l'.l'l.l'.lnl.ll'ld. I'!'IIIEI'HSI:'!]FII:.
either in the living state or after fixation and staining.
Examination of wet films or ‘hanging drops’
indicates the Sh.d.IJl.‘, arrangement, motility and
appm:nrnaﬂ: size of the cells. But due to Iack of
contrast, details cannot be appreciated.

Phase contrast microscopy: improves the
contrast and makes evident the structures within
cells that differ in thickness or refractive index. Also,
the differences in refractive index between bactenial
cells and the surrounding medium make them
clearly visible. Retardation, by a fraction of a
wavelength, of the rays of light thar pass through
the object, compared to the rays passing through
the surrounding medium, produces ‘phase’
differences between the two types of rays. In the
phase contrast microscope, ‘phase’ differences are
converted into differences in intensity of light,
producing light and dark contrast in the image.

I.}E]I'I.";. r“.'ld f I.)i.ll!"h f.EI"[lllIIIJ r]l:iETl]?iE"rl-L':
Another method of improving the contrast is the
dark field (dark ground) MICFOSCOPE 1N which
reflected light is used instead of the transmitted
light used in the ordinary microscope. The essential
part of the dark field microscope is the dark held
condenser with a central circular stop, which
illuminates the object with a cone of light, without
letting any ray of light to fall directly on the
objective lens. Light rays falling on the object are
reflected or scattered on to the objective lens, with
the result that the object appears self-luminous
against a dark background. The contrast gives an
illusion of increased resolution, so that very slender
organisms such as spirochetes, not visible under

ordinary lumination, can be clearly seen under the
dark field MICTOSCOpE.

The resolving power of the light microscope is
limited by the wavelength of light. In order to he
seen and delineated (resolved), an object has to have
a size of approximarely half the wavelength of the
light used. With visible light, using the best optical
systems, the hmit of resolution is about 300 nm. If
light of shorter w:u.rcll:ngr]'l is :mpit:r:.-'-l:d, as in the
ultravioler microscope, the resolving power can be
proporticnately extended.

Two specialised types of microscopes are 1) the
interference microscope which not only reveals cell
organclles bur also enables
measurements of the chemical constituents of cells
such as lipids, proteins and nucleic acids, and 2)
the polarisation microscope which enables the study
of intracellular structures using differences in
birefringence.

quantitatiut

Flectron microscope: In the electron
microscope, a beam of electrons is employed instead
of the beam of light used in the optical microscope.
The electron beam is focused by circular
electromagnets, which are analogous to the lenses
in the light microscope. The object which is held
in the path of the beam scatters the electrons and
produces an image which is focused on a fluorescent
viewing screen. As the wavelength of electrons used
15 approximately 0.005 nm, as compared to 500 nm
with visible light, the resolving power of the
clectron microscopes should be theoretically
100,000 times that of light microscopes but in
practice, the resolving power is about 0.1 nm.
The technique of shadow-casting with vaporised
heavy metals has made possible pictures with good
contrast and three-dimensional effect. Another
valuable technigue in studying fine structure is
negative staining with phosphotungstic acid,

(Gas molecules scatter electrons, and it is
therefore necessary to examine the object in a
vacuum. Hence, only dead and dried objects can be
examined in the electron microscope. This may lead
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to considerable distortion in cell mu-rphulug}r.. A
method introduced to overcome this disadvantage
is freeze-etching, involving the deep-freezing of
specimens in a liquid gas and the subsequent
formation of carbon-platinum replicas of the
material. Since such frozen cells may remain viable,
it is claimed that freeze-etching enables the study
of cellular ultrastructure as it appears in the living
state. The recent development of very high voltage
clectron microscopes may render possible the
eventual examination of live objects. The scanning
electron microscope is a useful innovation which
permits the smudy of cell surfaces with greater
contrast and higher resolution than with the
shidcmr-caEl'inE I::l:l:hniqu:-

STAINED PREPARATIONS

Live bacteria do not show much structural detail
under the light microscope due to lack of contrast.
Hence it is customary to use staining technigues to
produce colour contrast. Bacteria may be stained
in the living state, bur this type of staining is
employed only for special purposes. Routine
methods for staining of bactena involve drying and
fidng smears, procedures that kall them. Bactena
have an affinity for basic dyes due to the acidic
nature of their protoplasm. The following are
staining techniques commonly used in
bacteriology.

Simple stains: Dyes such as methylene blue or
basic fuchsin are used for simple staining. They
F'Iﬂ'b'if].l: ED].‘DUT contrast, bl.lt II'.I.'IFH.'II l'l'l.l: samec EI]I.EH.'II
to all bacteria.

Megative staining: Here, bacteria are mixed
with dyes such as Indian ink or nigrosin that provide
a uniformly coloured background against which the
unstained bacteria stand our in contrast. This 1s
particularly useful in the demonstration of bacterial
capsules which do not take simple stains, Very
slender bacteria such as spirochetes that are not
demonstrable by simple staining methods can be
viewed by negative staining,

Impregnation methods: Cells and structures

too thin to be seen under the ordinary microscope

may be rendered visible if they are thickened by

impregnation of silver on the surface. Such methods
are used for the demonstration of 5P'|rud1|:t|:5 and
bacterial flagella.

Differential stains: These stains impart

different colours to different bacteria or bactenal

structures. The two most widely used differennal
stains are the Gram stain and the acid fast stain.

The Gram stain was originally devised by the
histologist Christian Gram (1884) as a method of
staining bactena in tissues. The staining technique
consists of four steps:

1. primary staining with a pararosaniline dye such
as crystal violet, methyl violet or gentian wviolet;

2. application of a dilute solution of iodine;

3. decolounisanion with an organic solvent such as
ethanol, acetone or aniline;

4. counterstaining with a dye of contrasting colour,
such as carbol fuchsin, safranine or neutral red.
The Gram stain differentiates bacteria into two

broad groups. Gram positive bactena are those that

resist decolourisation and retain the primary stain,
appearing violet. Gram negative bacteria are
decolourised by organic solvents and, therefore, take
the counterstain, appearing red. The exact
mechanism of the Gram reaction is not understood.
The Gram positive cells have a more acidic
protoplasm, which may account for their retaining
the basic primary dye more strongly than the Gram
negative bacteria. Decolourisation is not an all-or-
none phenomenon. Even Gram positive cells may
be decolourised by prolonged treatment with the
organic Conversely, inadequare
decolourisation may cause all cells to appear Gram
positive. The Gram reaction may be related to the
permeability of the bacterial cell wall and
cytoplasmic membrane to the dye-iodine complex,
the Gram 'I!]I:‘El‘l‘i\l'l:, but not the Gram anl:wr cells,
permitting the outflow of the complex during
decolorisation. The Gram positive bactena become
Gram negative when the cell wall is damaged.
Gram staining is an essential procedure used

solvent.
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in the identification of bacteria and frequently is
the only method required for studying their
morphology. Gram reactivity is of considerable
importance as the Gram positive and negative
bmﬂ'l.'i.ﬂ I'.!iﬁ-ﬂl' not TI'.IE'I."EI}" i'l'l !-itli I.'Ii]'I.E Ehuﬂﬁmﬁ!ﬁﬂﬁ
and in structure but also in several other properties
51.1!:]1 as Emwt]‘n 1'I:l.'|l.lII1'I:I.'I'.I‘I:'I'I“.'E.| HLLE-'EC'FTIIIJII“E}" (4%
antibiotics and pathogenicity.

The acid fast stain was discovered by Ehrhich,
who found that after ﬁta'm'mg with aniline d}'r.zi,
tubercle bacilli resist decolourisation with acids.
The method, as modified by Zichl and Neelsen, is
in common use now. The smear is stained by a
strong solution of carbol fuchsin with the
application of heat. It iz then decolourised with
20 per cent sulphuric acid and counterstained with
a contrasting dye such as methylene blue. The acid
fast bacteria retain the fuchsin (red) colour, while
the others take the counterstain. Aaid fastness has
been ascribed to the hiEh content and vanety of
lipids, fatty acids and higher aleohols found in
tubercle bacilli. A lipid peculiar to acid fast bacilli,
a high molecular weight hydroxy acid wax
containing carboxyl groups (mycolic acid) is acid
fast in the free stave. Acid fastness is not a property
of lipids alone but depends also on the integrity of
the cell wall.

SHAPE OF BACTERIA

Depending on their shape, bacteria are classified

into several varieties (Fig. 2.1):

1. Cocai (from kokkos meaning berry) are spherical
or oval cells.

2. Bacilli {from baculus meaning rod) are rod
shaped cells.

3- 1iiri‘l.'lrlll.'l!i dale Comimia 5|.'|a|1td, cur'l.ri:::l rﬂdﬁ and
derive the name from their characteristic
vibratory motility.

4, Sp-irilla are r'LE"ld 5]:r'!r:l forms.

5. Spirm:h:tl:s {from sperra meaning coil and chaite
m:aning hair) are flexuous ipi]::a] forms.

6. Actinomycetes are branching filamentous
bacteria, so called because of a fancied

resemblance to the radiating rays of the sun when
seen in tissue lesions (from actis meaning ray
and mykes meaning fungus).

7. Mycoplasmas are bacteria that are cell wall
deficient and hence do not possess a stable
morphology. They occur as round or oval bodies
E.Hd. a5 i.l'.IE‘I:]'J.HlL'JI.I'.I.g r1|].|r1||.'||::~'. IiI-‘l-rl"lﬂ.'ll'l L'EI] \H'HJ].
synthesis  becomes cither
spontaneously or as a result of drugs like

I.iL'fi."-.' ri-.':-,

micillin, bacternia lose their distincrive .~'=h;3]1-::.

SI.IFJ'I EI:”S arc call:::l |""I!'L'ITI.'I|"'|il:‘i-t!C.. S-Phl:l'ﬂpiﬁﬁ

or L forms.

Bacteria sometimes show charactenistic cellular
ArTangement or grouping [FiE- 2.2}, Thus, coccl
may be arranged in pairs (diplococci), chains
[strcpmcnn:ci], groups of four (tetrads) or i:igl'l.t
(sarcina), or as grape-like clusters (staphylocoeci).

Some bacilli too may be arranged in chains
[ﬁtrcptuhcaci]li]- Others are .er.In;_"\'_'-:.l at angll:s to
cach other, pn:i.:m'] ng a cuneiform or Chinese letter
pattern (corynebacteria). The type of cellular
arrangement is determined by the plane through
which binary fission takes place and by the tendency
of the daughter cells to remain attached even after

division.
@
-

Y™ ¢
WANAAAA

Fig. 2.1 Shapes of bacteria ; 1. coccus 2. bacillus
3. vibrio 4. spirillum 5. spirochele
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BACTERIAL ANATOMY

Fig. 2.5 shows the structure of an idealised bactenial
cell. The ourer layer or cell envelope consists of
two components — a rigid cell wall and beneath it a
cytoplasmic or plasma membrane. The cell envelope
encloses the protoplasm, comprising the cytoplasm,
cytoplasmic inclusions such as ribosomes and
mesosomes, granules, vacuoles and the nuclear body.
Besides these essential components, some bacteria
may possess additional structures, The cell may be
enclosed in a viscid layer, which may be a loose
slime layer, or organised as a capsule. Some bacteria
carry filamentous appendages protruding from the
cell surface — the flagella which are organs of
locomotion and the fimbriae which appear to be
organs for adhesion.

The cell wall: The cell wall accounts for the
shape of the bacterial cell and confers on it ngidity
and ductility. The cell wall cannot be seen by direct
light microscopy and does not stain with simple
stains, It may be demonstrated by plasmolysis.
When placed in a hypertonic solution, the
cytoplasm loses water by osmosis and shrinks, while
the cell wall retains its original shape and size
{bacterial ghost). The cell wall may also be
demonstrated by microdissection, reaction with
specific antibody, mechanical rupture of the cell,
differential staining procedures or by electron
MICTOSCOPY. Bacterial cell walls are about 10-25
nm thick and account for about 20~30 per cent of
the dry weight of the cells. Chemically the cell
wall is composed of mucopeptide (pepridoglycan
or murein) scaffolding formed by N acetyl
glucosamine and N acetyl muramic acid molecules
alternating in chains, which are crosslinked by

peptide chains (Fig. 2.6). The interstices of this
scaftolding contain other chemicals, varying in the
different species. In general, the walls of the Gram
positive bacteria have simpler chemical nature than
those of Gram negative bacteria (Table 2.2). The
cell wall carries bacterial antigens that are
important in virulence and immunity.

The hpopolysaccharides (LPS) present on the
cell walls of Gram negative bacteria account for
their endotoxic activity and O antigen specificity.
They were formerly known as the Boivin antigen.
The LPS consists of three regions. Region [ s the
polysaccharide portion determining the O antigen
specificity. Region II is the core polysaccharide.
Region 111 is the ghycolipid portion (lipid A) and
is responsible for the endotoxic activities, thar is,
}'I}l'lﬂg:ﬂifit_f, Il:t]'lﬂ] ‘I:I'-F:Et.'. tiﬁ-iu: III:EIDE;.E.‘
anticomplementary activity, B cell mitogenicity,
immunoadjuvant property and antitumour activity.

The outermost layer of Gram negative bacterial
cell wall is called the outer membrane, which
contains various proteins known as outer membrane
proteins (OMP). Among these are porins which
form transmembrane pores that serve as diffusion
channels for small molecules. They also serve as
specific receptors for some bacteriophages.

Cell wall synthesis may be inhabited by many
factors. Lysozyme, an enzyme normally present in
many tissue fluids, lyses susceptible bacteria by
splitting the cell wall mucopeptide linkages. When
lysozyme acts on a Gram positive bacterium in a
hypertonic solution, a protoplast is formed,
consisting of the cytoplasmic membrane and its
contents. With Gram negative bacteria, the result
15 a spheroplast which differs from the protoplast

Table 2.2 Comparison of cell walls of Gram positive and Gram negative bacieria

Gram positive Gram negative
Thickness Thicker Thinner
Variety of aminoacids Few Several
Aromatic and sulphur containing aminoacids Abzent Present
Lipids Ahsent or scant Present
Teichoic acid Present Absent
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Fig. 2.6 Chemical structure of bacterial call wall

in that some cell wall material is retained.
Protoplasts and spheroplasts are spherical,
regardless of the original shape of the bacterium.
Cell wall deficient forms of bacteria may probably
have a role in the persistence of certain chronic
infections such as pyelonephritis.

Cytoplasmic membrane: The cytoplasmic
(plasma) membrane is a thin (5-10 nm) layer lining
the inner surface of the cell wall and separating it
from the cytoplasm. It acts as a semipermeable
membrane controlling the inflow and outflow of
metabolites to and from the protoplasm. Passage
through the membrane is not solely a function of
the molecular size of the I'.I’E.'l‘!i.l:ll:s- but dl:pl:nd.s, in
many cases, on the presence in the membrane of
specific enzymes (permeases). Electron microscopy
shows the presence of three layers constituting a
‘unit membrane' structure. Lh:mu:aﬂ}r, the
membrane consists of lipoprotein with small
amounts of carbohydrate. Sterols are absent, except
in mycoplasma.

{vtoplasm: The bacterial cytoplasm 15 a colloidal
systern of a variety of organic and inorganic solutes
in a viscous watery solution. It differs from

eukaryotic cytoplasm in not exhibiting internal
mobility (protoplasmic streaming) and in the
absence of endoplasmic reticulum or mitochondria.
The cytoplasm stains uniformly with basic dyes in
young cultures but becomes increasingly granular
with age. The cytoplasm contains ribosomes,
mesosomes, inclusions and vacuoles.

Ribosomes are centres of protein synthesis. They
are slightly smaller than the ribosomes of eukaryotic
cells (sedimentation constant 70 5) and are seen
integrated in linear strands of mRNA o form
polysomes.

Mesosomes (chondroids) are wvesicular,
convoluted or multilaminated structures formed as
invaginations of the plasma membrane into the
cytoplasm. They are more prominent in Gram
positive bacteria. They are the principal sites of
respiratory enzymes in bacteria and are analogous
to the mitochondria of cukaryotes. Mesosomes are
often seen in relation to the nuclear body and the
site of synthesis of cross wall septa, suggesting that
they coordinate nuclear and cytoplasmic division
during binary fission.

Intracytoplasmic inclusions may be of
various types, the chief of which are volutin,
polysaccharide, lipid and crystals. They are
characteristic for different species and depend on
the age and condition of the culture. Volutin
granules (metachromaric or Babes-Ernst granules)
are highly refractive, strongly basophilic bodies
consisting of polymetaphosphate. They appear
reddish when stained with polychrome methylene
blue or toluidine blue (metachromasia). Special
staining techniques such as Albert's or Neisser's
demonstrate the granules more clearly. Volutin
granules are charactenstically present in diphtheria
bacilli. Their function 15 uncertain. Th:],' have been
considered to represent a reserve of energy and
phosphate for cell merabolism but they are most
frequent in cells grown under conditions of
nutritional deficiency and tend to disappear when
the deficient nutrients are supplied. Polysaccharide
granules may be demonstrated by staining with
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iodine, and lipid inclusions with fat soluble dyes
such as Sudan black. They appear to be storage
products. Vacuoles are fluid-containing cavities
mparatcd from the E}rrup[asm |:|n.-' a membrane, Their
function and significance are uncertain.
Nucleus: Bacrerial nuclei can be demonstrated
by acid or ribonuclease hydrolysis and subsequent
staining for nuclear material. They may be seen by
electron microscopy. They appear as oval or
elongated bodies, generally one per cell. Some cells
may possess two or more nuclear bodies due to
asynchrony between nuclear and cytoplasmic
division.

Bacterial nuclei have no nuclear membrane or
nucleolus. The nuclear deoxyribonucleic acid
(IMNA) 15 not associared with basic protein. The
EJ:I'I.-I.TI'.I'I.‘I: Cﬂﬂﬁiﬁtﬁ- ﬂf a Ei.l'lglﬂ I'.I'I.ﬂlﬂl:l..l.lﬂ I.']:F dl!'.ll.'l.hlﬂ'
stranded DINA arranged in the form of a circle,
which may open under certain conditions to form
a long chain, about 1 mm in length. The bacterial
chromosome 15 haploid and replicates by simple
fission instead of by mitosis as in higher cells. The
differences between the nucler of bactenia and higher
organisms form the main basis for classifying them
as prokaryotes and eukaryotes.

Bacteria may possess extranuclear genetic
elernents consisting of DNA. These cytoplasmic
carriers of genetic information are termed plasmids
or episomes (see Chapter 8). Besides being
transmitted to daughter cells during binary fission,
they may be transferred from one bacterium to
another either through conjugation or the agency
of bacteriophages. They are not essential for the
life of the cell they inhabit bur may confer on it
certain properties like toxigenicity and drug
resistance which may constitute a survival
adv:antag:.

Slime layer and capsule: Many bacteria
secrete a viscid material around the cell surface.
When this is organised into a sharply defined
. structure, as in the pneumocoecus, it 1s known as
the capsule. When 1t is a loose undemarcated
secretion, as in leuconostoc, it is called the slime

layer. Capsules too thin to be seen under the Light
microscopes are called microcapsules. The slime
is generally, but not invariably, polysaccharide (for
EIHITL]J].E ]:ml:um DG I:'LLS] oar FD].}"PE'FIILCIE |:'FI'.'II'
example anthrax bacillus) in nature. Some bacteria
may have both a capsule and a slime layer (for
example, Streptococcus salivarius). Bacteria
secreting large amounts of shime produce mucoad
growth on agar, which is of a stringy consistency
when touched with the loop.

Slime has little affinity for basic dyes and is not
visible in Gram stained smears. Special capsule
staining techniques are available, usually employing
COpper salts as mordants, Capsulﬁ may be n:ac].ﬂ_',r
demonstrated by negative staining in wet films with
India ink, when they are seen as clear halos around
the bacteria, aganst a black ba:kgmund [Fig. 2.0,

Capsular material is antigenic and may be

demonstrated by serological methods. When a
suspension of a capsulated bacterium is mixed with
its specific anticapsular serum and examined under
the microscope, the capsule becomes very
promunent and appears ‘swollen’ due to an increase
in its refractivity. This capsule swelbing or Quellung
reaction, described by Neufeld (1902) was widely
emploved for the typing of pneumococei in the pre-
sulphonamide days when lobar pneumonia used to
be treated with specific anticapsular sera. Capsules
protect bacteria from deleterious agents such as lytic
enzymes found in nature. They also contribute to
the virulence of pathogenic bacteria by inhibiting
phagocytosis. Loss of the capsule by mutation may
render the bacterium avirulent. Repeated
subcultures in vitro lead to the loss of capsule and
also of virulence.
Flagella: Motile bacteria, except spirochetes,
possess one or more unbranched, long, sinuous
filaments called flagella, which are the organs of
locomotion. Each flagellum consists of three disnnct
parts, the filament, the hook and the basal body.
The filament is external to the cell and connected
to the hook at the cell surface,

The hook-basal body portion is embedded in
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the cell envelope. The hook and basal body are
anﬁgtnica]l}r different. Mechanical detachment of
the filament does not impair the viability of the
cell. The flagella are 3-20 pm long and are of
uniform diameter (0.01-0.013 pm) and terminate
in a square tip. The wavelength and thickness of
the filament are characteristic of each species but
some bacteria exhibit biplicity, that is, they have
flagella of two different wavelengths (Fig. 2.8).
Flagella are made up of a protein (flagellin) simalar
to keratin or myosin. Though flagella of different
genera of bacteria have the same chemical
composition, they are antigenically different.
Flagellar antigens induce specific antibodies in hagh
titres. Fla.gcﬂa.r antibodies are not protective but
are useful in serodiagnosis.

The presence or absence of flagella and their
number and arrangement are characteristic of
different genera of bacteria (Fig. 2.9). Flagella may
be arranged all round the cell (penitrichous) as in
typhoid bacilli, or situated at one or both ends of
the cell (polar). Polar flagella may be single

(monotrichous) as in cholera vibrios, 1n tufts

Fig. 2.7 Pneumococci negatively stained with India
ink to show capsule

(lophotrichous) as in spirilla or with flagella at
both poles (amphitrichous).

Flagella are less than 0.02 pm in thickness and

hence beyond the limit of resolution of the light
microscope. They may, in some instances, be seen
under dark ground illumination. They can be
visualised by special staining techniques in which
their thickness is increased by mordanting, or by
electron microscopy (Fig. 2.10). Due to the
difficulty of demonstrating flagella directly, their
presence is usually inferred from the motility of
bacteria. Motility can be observed by noting the
spreading type of growth on a sermisolid agar
medium. Under the microscope, active motility has
to be differentiated from the passive movements of
the cells, either due to air currents or due to
Brownian movement. Bacterial motility may range
trom the slow ‘stately’ motion of peritrichate bacteria
{for example, Bacillus) to the darting movement of
polar flagellated vibrios. The cholera vibrio may
mowve as fast as 200 pm per second.
Fimbriae: Some Gram negative bacilli carry very
fine, hair-like surface appendages called fimbriae
or pili. They are shorter and thinner than flagella
(about 0.5 pm long and less than 10 nm thick) and
project from the cell surface as straight filaments.
At least eight morphological types of pili are
known, classifiable as either common or sex pili
on the basis of their function. Pili comprise self-
aggregating monomers of pilin. They originate in
the cell membrane. Fimbriae can be seen only under
the electron microscope. They are unrelated to
motility and are found on motile as well as
nonmotile cells. They are best developed in freshly
isolated strains and in liquid cultures. They tend to
disappear following subcultures on solid media.

Fimbriae function as organs of adhesion, helping
the cells to adhere firmly to particles of various
kinds. This property may serve to anchor the
bacteria in nutritionally favourable micro
environments. Fimbriated bacteria form surface
pellicles in liquid media. Many fimbriated cells (for
example Escherichia, Klebsiella) agglutinate red
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blood cells of guinea pigs, fowl, horses and pigs
strongly, human and sheep cells weakly, and ox
cells scarcely at all.

Hemagglutination provides a simple method for
detecting the presence of such fimbriae. The
hemagglutination is specifically inhibited by D-
mannose (mannose sensitive).

Fimbriae are antigenic. As members of different
genera may possess the same fimbrial antigen, it is
necessary to ensure that the bacterial antigens
employed for serological tests and preparation of
antisera are devoid of fimbriae.

A special type of fimbria are the sex pili. These
are longer and fewer in number than other fimbriae.
They are found on ‘male’ bacteria and help in the
attachment of those cells to ‘female’ bacteria,

Fig. 2.8 Flagellum and its parts. 1. Arrow shows the
junction of the hook and filament. 2, Ring for
attachment io outer lipopolysaccharide O antigen-
complex membrane of the cell wall. 3. Rod
connecting fop and boltom rings. 4.Ring for its
association with the peptidoglycan layer of the
cell wal. 5. Ring located just above cytoplasmic
membrang M ring for stiachment to the cyloplasmic
membrane.

Fig. 29 Types of flagellar arrangement: 1. single
flagellum 2. single flagelium af each pole 3. wh
of flagella at one pole 4. tulis of flagella at both
pales 5. peritrichous flagella

forming hollow conjugation tubes through which,
it is assumed, genetic material is transferred from
the donor to the ri:r.il:l'll:nt cell. Pili are classified
into different types (for example, F, I) based on
susceptibiliry to specific bacteriophages.
Spore: Some bacteria, particularly members of
the genera Bacillus and Clostridium have the ilbi]:i['_'.'
to form highly resistant resting stages called spores,
Each bacterium forms one spore, which on
germination forms a single vegetative cell.
Sporulation in bacteria, therefore, is not a method
of reproduction. As bacterial spores are formed
inside the parent cell, they are called endospores.
While the exact stimulus for !-il'lﬂl'lllilﬁli]l‘l 15 not
known, it occurs after a period of vegetative growth
and 1s Pr:rumnd to be related to the d::ph:tinn. of
exogenous nutrients, Sporulation is initiated by the
appearance of a clear area, usually near one end of
the cell, which gradually becomes more opaque to
form the “forespore’. The fully developed spore has
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ar its core the nuclear body, surmounded by the spore
wall, a delicate membrane from which the cell wall
of the future vegetative bacterium will develop. Outside
this is the thick spore cortex, which in turn is enclosed
by a multilayered tough spore coat. Some spores have
an additional outer covering called exosporium, which
may have distinctive nidges and grooves (Fig, 2.11).
New annigens appear on sporulation.

Young spores are seen attached to the parent
cell. The shape and position of the spore and its
sizge relative to the parent cell are spt::il:s
characteristics. Spores may be central
{equatorial), terminal or subterminal, They may be
oval or 5|:rhcri.|::l. ’ﬁ'r:].r may or may not distend the
bacillary body (Fig. 2.12).

Bacterial spores constitute some of the most
resistant forms of life. They may remain viable for
centuries. They are extremely resistant to desiccation
and relatively so o chemicals and heat. Though
some spores may resist boiling for prolonged
periods, spores of all medically important species
are destroyed by autoclaving at 120 *C for 15
minutes. Methods of sterilisation and disinfection

Fig. 210 Electron micrograph of E. coli 1. Flagells
2. F. pili 3. ordinary pili or fimbrise

Hhﬂuld cnsurc thit EPEI'EE ﬂiﬁﬂ darc d.fitmrﬁd-
Sporulation helps bacteria survive for long periods
under unfavourable environments.

When transferred to conditions conduave for
growth, spores germinate. The spore loses its
refractility and swells. The spore wall is shed and
the germ cell appears by rupturing the spore coat
and elongates to form the vegetative bacterium,

Spores may be seen in unstained preparation as
refractile bodies. The forespore stains intensely, but
once the spore envelope is laid down, the spore
does not stain readily. Spores appear as unstained
areas in Gram stained preparations, but being more
acid fast than the vegetative cells, they can be stained
by a modification of the Ziehl-Neelsen technique.
Pleomorphism and invelution forms:
Some species of bacteria exhibit great vanation in
the shape and size of individual cells. This is known
as pleomorphism. Certain species {for example,
plague bacillus, gﬂ-nucm:cus} show swollen and
aberrant forms in ageing cultures, especially in the
presence of high salt concentration. These are
known as involution forms. M:n‘_f of the cells may

i Dacienal

ier cortical layear

Flg. 2,11 Diagrammatic repréesentation of
gpore, 1. Germinal groeve 2,0
3. Corlex 4, Intarnf] Soore coal 5 Subeoal materal
B. Duter spore coal 7. Cytoplasmic membrane
8. Cell wall primordium
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be nonviable. Pleomorphism and invelution forms
are often due to defective cell wall synthesis.
Involution forms may also develop due to the activity
of autolytic enzymes.

L. forms: Kleineberger-Nobel, studying cultures
of Streprobacillus moniliformis, observed swollen
cells and other aberrant morphological forms and
named them L forms, after Lister Institute, London,
where the observation was made. L forms are seen
in several species of bacteria, developing either
EFﬂTItHJ'II:I'_'II.'IEI}" ar i['.l tl'.l.l: FI'E'EI:]'I.EI: I'Jf PI:]'I.IIL'illIITl Or
other agents that interfere with cell wall synthesis.
L forms may be unstable in that the morphological
abnormality is maintained only in the presence of
penicillin or other inducing agents, or stable, when
TI'I.‘I: I]'.H:[THT[[' Fﬂl'n'l b'l:l:l.'.lml:i th: IH:I'ITIHI'I.EI'.IT FI:E.TI.'IIE
of the strain and is retained in serial subcultures. L
forms resemble mycoplasma in several ways,
including morphology, type of growth on agar and
filterability. It is possible that mycoplasmas
represent stable L forms of as yet unidentified parent
bacteria.

GrowTH AND MULTIPLICATION OF
BACTERIA
Bacteria divide by binary fission. When a bactenial
cell reaches a certain size, it divides to form two
daughter cells. Nuclear division precedes cell
division and, therefore, in a growing population,
many cells carrying two nuclear bodies can be seen.

-
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®
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The cell divides by a constrictive or pinching
process, or by the ingrowth of a transverse septum
across the cell. In some species, the daughter cells
may remain partially artached after division.

The interval of timne between two cell divisions,
or the time required for a bacterium to give rise to
two daughter cells under optimum conditions, is
known as the generation time or population
doubling time. In coliform bacilli and many other
medically important bacteria, the generation time
i'.'i- l:lbl'_'l'l.lt Eﬂ' minutes. S‘DJTIE bﬂtt:riﬂ arc ﬁ-lml""
growing,; the generation time in tubercle bacilli is
about 20 hours and in lepra bacilli as long as about
20 days. As bacteria reproduce so rapidly and by
geometric progression, a single bacterial cell can
theoretically give nise to 107 progeny in 24 hours,
with a mass of approximately 4,000 tonnes! In actual
practice, when bacteria are grown in a vessel of
liquid medium (batch culture), multiplication is
arrested after a few cell divisions due to depletion of
nutnients or accumulation of toouc products, By the
use of special devices for replenishing nutrients and
removing bacterial cells (chemostat or turbidistat), it
i& possible to maintain continuous culture of bacteria
for industrial or research purposes. When pathogenic
bacteria multiply in host tissues, the situation may be
intermediate between a batch culture and a continuous
culture; the source of nutrients may be inexhaustible
but the parasite has to contend with the defence
mechanisms of the body. Bacteria growing on solid

P
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Fig. 212 Types of bacterial spores. 1. central, bulging, 2. ceniral, not bulging, 3. sublerminal, bulging,
4. sublerminal, not bulging, 5. terminal, spherical, 6. terminal, oval.
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media form colonies. Each colony represents a done

of cells derived from a single parent cell. In ligud

media, growth is diffuse.

Bacterial growth may be considered at two levels,
increase in the size of the individual cell and increase
in the number of cells. The former is ordinarily himited
and when the critical size is reached, the cell divides,
except when cell division 18 inhibited h\-' substances
like penicillin or acriflavine or by growth in magnesium
deficient media. Growth in mumbers can be snadied
by bactenal counts. Two types of bactenial counts can
be made—total count and viable count,

The total count gives the total number of cells
in the sample, irrespective of whether they are living
OT nid. It [N b'l: ﬂbtn:lllnt'd b_'ll'

1. direct counting under the microscope using
counting chambers,

2. counting in an electronic device as in the Coulter
counter,

3. direct counting using stained smears prepared
by spreading a known volume of the culture
over 4 measured area of a shide,

4. comparing relative numbers in smears of the culture
muxed with known numbers of other cells,

5. by opacity measurements using an absorptio
meter or nl:}'rh'alumt‘nl:r,

6. by separating the cells by centrifugation or
filtration and measuring their wet or dry weight,
and

7. chemical assav of cell components such as
nitrogen.

‘The viable count measures the number of living
cells, that 1, cells capable of multiphicanon. Viable
counts are obrained by dilution or plating methads,
In the dilution method, the suspension is dilured
to a point beyond which unit quantities do not yield
growth when inoculated into suitable liquid media
(extinction). Several tubes are inoculated with
varying dilutions and the viable count calculated
statistically from the number of ubes showing
growth. The method does not give accurate vahues
but is used widely in water bacteriology for estimation
of the ‘presumptive coliform count” in drinking water.

In the Pl:lﬁng method, appropnate dilutions are
inoculated on solid media, either on the surface of
plates or as pour plates. The number of colonies that
develop after incubation gives an estimate of the viable
count. The method commonly employed is that
deseribed by Miles and Misra (1938) in which serial
dilutions are dropped on the surface of dried plates
:l.l'.ld ED]I.']I'.I}" counts d:ﬁ.'ﬂ.lll'.ltd_

BACTERIAL GROWTH CURVE

When a bacterium 1s seeded into a suitable liquid
medium and incubated, its growth tollows a definite
course. If bacterial counts are made at intervals after
inocalation and plotred in relation to ome, a growth
curve 1s obtained I:Fig. 2.13). The curve shows the
tollowing phases:

Lag phase: Immediately following the seeding
of a culture medium, there 15 no appreciable
INCrease in ]'ll.'IITlI'.IE]'.‘i, thnugh ﬂ.'ll:ﬂ: fl'.lﬂr'\l' hl: arn
increase in the size of the cells. This initial period
18 the time required for adaptation o the new
environment, duning which the necessary enzymes
and metabolic intermediates are built up in adequate
quantities for multiplication to proceed. The
duration of the lag phase varies with the species,
size of inoculum, nature of culture medium and
environmental factors such as remperature.

Log {logarithmic) or ux;‘.num:nliul phase:
Following the lag ]:rhast, the cells start dividing
and their numbers increase exponentially or by
geometric progression with time. It the loganthm
of the viable count is plotted against time, a straight
line will be obtained.

Stationary phase: After a varying period of
exponential growth, cell division stops due to
depletion of nutrients and accumulation of toxic
products. The number of progeny cells formed is
just enough to replace the number of cells that die.
The viable count remains stationary as an
equilibrium exists between the dying cells and the
newly formed cells.

Phase of decline: This is the phase when the
population decreases due to cell death. Besides
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Fig. 2.13 Bacterial growih curve. The viable count
shows lag, log, stationary and decline phases. In
the lotal count, the phase of decline is not evidenl.

nutritional exhaustion and toxic accumulation, cell

death may also be caused by autolytic enzymes.

When the total count is plotted, it parallels the
viable count up to the stationary phase but it
continues steadily without any phase of decline.
With autolytic bacteria, even the total count shows
] 'FI'.L'EhE UI'- d:d.'i.l]!:‘.

The various stages of the growth curve are
associated with morphological and physiological
alterations of the cells. Bacteria have the maxmum
cell size towards the end of the lag phase. In the
log phase, cells are smaller and stain uniformly. In
ﬂ_'ll: Etﬁ.tiﬂﬂa'l’}" PI'IHEI:, J:I:IIE FI'E'I;II.'II:I'IIIF arc Gram
variable and show irregular staining due to the
presence of intracellular storage granules.
Sporulation occurs at this stage. Also, many bacteria
produce secondary metabolic products such as
exotoxins and antibiotics. Involution forms are
common in the phase of decline.

BacTeriar, NuTRITION

The bacterial cell has the same general chemical
pattern as the cells of higher organisms. The
principal constituent of bacterial cells is water,

which represents about 80 per cent of the total
weight. Proteins, polysaccharides, lipids, nucleic
acids, mucopeptides and low molecular weight
compounds make up the rest. Bactenial metabolism
also is closely similar to the metabolism of the higher
organisms, exemplifying the ‘unity of biochemistry'.
There are, however, some differences which are
exploited in selective toxicity and chemotherapy.

For growth and multiplication of bacteria, the
minimum nutritional requirements are water, a
source of carbon, a source of nitrogen and some
inorganic salts. Water is the vehicle for the entry
of all nutrients into the cells and for the elimination
of all waste products. It participates in the metabolic
reactions and also forms an integral part of the
F“}Tﬂplﬂ'ﬁm.

Bacteria can be classified nutritionally, based on
their energy requirements and on their ability to
synthesise essential metabolites. Bacteria which
derive their energy from sunlight are called
phototrophs and those that obtain energy from
chemical reactions are called chemotrophs. Bacteria
['l.'llt Can '-Tf!'ltl'l.l:"liﬁl: IJ] T]'Il:il' D'I.'Eﬂllil: Eﬂl'l'lFﬂl]l'l.d.E- dare
called autotrophs. Those that are unable to
synthesise their own metabolites and depend on
P!’E&] rm:d Dl'gll'lii: EI'.JITL].'IDIJ.IIdE arc EH"Ed
hererotrophs. Autotrophs are able to utilise
atmospheric carbon dioxide and nitrogen. They are
capable of independent existence in water and soil
and are of no medical importance, though they are
of vital concern in agriculture and the maintenance
of soil fertility. Heterotrophic bacteria are unable
to grow with carbon dioxide as the sole source of
carbon. The nutritional requirements of
heterotrophs vary widely. Some may require only a
ﬁingl: ﬂlgﬂl’]i: EI.IIJETE.I'.IEE E'I.IC].'I as E].'I.I.I:UEE‘. ‘“"hil.t
others may need a large number of different
compounds such as aminoacids, nucleotides, lipads,
carbohydrates and coenzymes.

Bacteria require a supply of inorganic salts,
particularly the anions phosphate and sulphate, and
the cations sodium, potassium, magnesium, iron,
manganese and calcium, These are normally present
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in the natural environments where bacteria live but
will have to be supplied in culture media. Some
ions such as cobalt may be needed in trace amounts.

Some bacteria require certain organic
compounds in minute quantities. These are known
s gl’ﬁ]-“‘t]'i "-H.Cfﬂrﬁ ar I'.I':H.I:t:'l'llﬂ.[ ﬁtumins. G’Tﬂ'“"fh
factors are called essential when growth does not
occur in their absence, or accessory when they
enhance growth, without being absolutely necessary
for it. In many cases, bacterial vitamins are identical
with the vitamins necessary for mammalian
nutrition, particularly these belonging to the B
group, thiamine, riboflavine, nicotinic acid,
pyridoxine, folic acid and vitamin B12.

If a microorganism requiring an essential growth
factor is inoculated into a medium containing an
excess of all other nutrients, its growth will be
proportional to the amount of the limiting substance
added. Within a certain range, the concentration
of the gruwrh factor will bear a linear rd.atiﬂnﬁhip
to the amount of growth of the organism. This is
the principle of microbological assays, which
provide a very sensitive and specific method for
estimation of many aminoacids and vitamins, s in
the determination of vitamin B12 using
Lacrobacillus leichmannii.

OxvGEN REQUIREMENT
METABOLISM

ARy

Depending on the influence of oxygen on growth
and viability, bacteria are divided into acrobes and
anaerobes. Aerobic bacteria require oxygen for
growth. They may be obligate aerobes like the
cholera vibrio, which wall [ragaily |:||'!|.1.?I in the presence
of oxygen, or facultative anacrobes which are
ordinarily aerobic but can also grow in the absence
of oxygen, though less abundantly. Most bacteria
of medical importance are facultative anaerobes.
Anaerobic bacteria, such as clostridia, grow in the
absence of oxygen and the obligate anaerobes may
even die on exposure to oxygen. Microaerophilic
bactena are those that grow best in the presence of
a low oxygen tension,

‘The reason for the apparent roxicity of oxygen
for anaerobic bactena is not well understood. It
has been suggested that in the presence of oxygen,
hydrogen peroxide and other toxic peroxides
accumulate. The enzyme catalase which splits
I'.I_}"IEI'I.'E-EEI'.I I'.H:l'L'IIidI: II5 ],'H'I:El:‘l'lt 'i.!l'l maost ﬂtrﬂhif
bacteria but is absent in the anaerobes. Another
reason might be that obligate anaerobes possess
essential enzymes that are active only in the reduced
state. _

The influence of free oxygen is related to the
metabolic character of the bacterium. Aerobic
bacteria obtain their energy and intermediares only
through oxidation involving oxygen as the ultimate
hydrogen acceptor, while the anacrobes use
hydrogen acceptors other than oxygen. Facultative
anaerobes may act in both ways. In the case of
acrobes, where the ulnmare electron acceptor i1s
atmospheric oxygen (aerobic respiration), the
carbon and encrgy source may be completely
oxidised to carbon dioxide and water. Energy is
provided by the production of energy-rich
phosphate bonds and the conversion of adenosine
diphesphate (ADP) to adenosine triphosphate
(ATP). This process is known as oxidative
phosphorylation. Anaerobic bacteria use as electron
acceptors compounds such as nitrates or sulphates
instead of oxygen (anaerobic respiration). A more
COTINITN 'PI'U-EEE’E i]'l H.'I'LBEI'HIJ.i.E m:tabn]ism ITI.BJ." -I:H:
a series of oxidoreductions in which the carbon
and energy source acts as both the electron donor
and electron acceptor. This process is known as
fermentation and leads to the formation of several
:::'g_'.l::‘li:’.‘ erid FI‘IH.‘I.LII:I‘K such as acids and alecohols, as
well as of gas (carbon dioxide and hydrogen).
During the process of fermentarion, energy-rich
phosphate bonds are produced by the mtroduction
of organic phosphate into intermediate metabolites,
This process is known as substrate-level
phosphorylation. The energy-rich phosphate
groups so formed are used for conversion of ADP
to ATF.

In determiming the growth of aerobic and
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anacrobic bacteria, what is more important than
the presence or absence of oxygen is the state of
oxidation of the environment. The oxidising or
n:dl.u:ing condition of a system 15 indicated by the
net readiness of all the components in that system
to take up, or part with electrons. This is known as
the oxidation—reduction (redox) potential of the
system. The redox potential of a medium 1s best
estimated by measuring the electrical potential
difference set up between the medium and an
unattackable electrode immersed in ir. Thas
electrode potential (Eh) can be measured in
millivolts. The more oxidised the system, the higher
the potennal. A simpler, though less accurate,
method of measuring the redox potential is the use
of oxidation—reduction indicators such as methylene
blue, and noting the change in colowr.

CAarpox Dioxipe

.A..I]. IJ‘H'E‘H:IEH I'l:l!.ll.l.ll.'t' E-ITIE.I[ amounts l:]"- IL'B.I!:I{I'TI
dioxide for growth. This requirement is usually met
by the carbon dioxide present in the atmasphere,
or produced endogenously by cellular metabolism.
Some bactenia ke Brucella abortus require much
higher levels of carbon dioxide (5-10 per cent} for
growth, especially on fresh isolation (capnophilic).

TEMPERATURE

Bacteria vary in their requirements of temperature
for growth. For each species, there is a ‘temperature
range’, and growth does not occur above the
maximum or below the minimum of the range. The
temperature at which growth oceurs best is known
as the ‘optimum temperature’, which in the case of
most pathogenic bacteria is 37 °C. Bacteria which
grow best at temperatures of 25-40 “C are called
ml.'.mphl'”c. .Iq.“ Fl‘l’ﬂﬁlltl:ﬁ I.']j'- WAarim hll'lﬂ{l:d. I.'I'IIITI.'IHJE
are mesophilic. Within the group of mesophilic
bacteria, some like Pseudomonas acruginosa have
a wider range (5-43 °C), while others like the
: gonococcus have a restricted range (30-39 *C).
I:'.'.-'_}-'chruphﬂfc bacteria are those that grow best
at temperatures below 20 °C, some of them even

growing at temperatures as Jow as =7 °C, They are
soil and water saprophytes and though not of direct
medical importance, may cause spoilage of refrigerated
food. Another group of nmpaﬂ'mp;:nic bacteria, the
thermophiles, grow best at high temperatures, 55—
80 °C. They may cause spoilage of underprocessed
canned food. Some thermophiles (like Bacillus
stearothermophilus) form spores that are
exceptionally thermoresistant. Extremely
thermophilic bacteria have been identified which
can grow at temperatures as high as 250 °C.

Bacteria also differ in the effect of temperature on
viability,. Heat is an important method for the
destruction of microorganisms (sterilisation), moist
heat causing coagulation and denaturation of proteins
and dry heat causing oxidation and charring. Moist
heat is more lethal than dry heat. The lowest
temperature that kills a bacterium under standard
conditions in a given time is known as the thermal
death point. Under moist conditions most vegetative,
mesophilic bacteria have a thermal death point
between 50 and 65 “C and most spores between
100 and 120 =C.

At low temperatures some species die rapidly
but most survive well. Storage in the refrigerator
{3-5 °C) or the deep freeze cabinet (~30 to =70 °C)
is used for preservation of cultures. Rapid freezing
as with solid carbon dioxide or the use of a stabiliser
such as glycerol, minimises the death of cells on

treezing.
MoisTure anp DeryiNG

Water is an essential ingredient of bacterial
protoplasm and hence drying is lethal to cells.
However, the effect of drying varies in ditferent
species. dome delicate bacteria like Treponerma
pallidum are highly sensitive, while others like
staphylococei withstand drying for months. Spores
are particularly resistant to desiccation and may surave
in the dry state for several decades, Diyang in vacuum
in the cold ( freeze d!}mgur .Ib-ﬂphihﬁﬁﬂn}iia method
tor the preservation of bacteria, viruses and many labile
biological materials.
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H-1o08 CONCENTRATION

Bacteria are sensitive to variations in pH. Each
species has a pH range, above or below which it
does not survive, and an optimum pH at whach it
grows best. The majority of pathogenic bacteria
grow best at neutral or slightly alkaline reaction
(pH 7.2-7.6). Some acidophilic bacteria such as
lactobacilli grow under acidic conditions, Others,
such as the cholera vibrio, are very sensitive to acid,
but tolerate high degrees of alkalinity. Strong
solutions of acid or alkali (5% hydrochloric acid
or sodium hydroxide) readily kill most bacteria,
though mycobacteria are exceptionally resistant to
them.

LiGHT
Bacteria (except the phototrophic species) grow well
in the dark. They are sensitive to ultraviolet light and
other radiations. Cultures die if exposed to sunlight.
Exposure to light may influence pigment production.
Photochromogenic mycobacteria form a pigment

only on exposure to light and not when incubated
in the dark.

OsmoTic EFFeECT

Bacteria are more tolerant to osmotic variation than
most other cells due to the mechanical strength of
their cell walls. Sudden exposure to hypertonic
solutions may cause osmotic withdrawal of water
and shrinkage of protoplasm — plasmolysis. This
occurs more readily in Gram negative than in Gram
positive bacteria. Sudden transfer from a
concentrated solution to distilled water may cause
plasmoptysis (excessive osmotic imbibition leading
to swelling and rupture of the cell).

MECHANICAL AND SONIC STRESS
Though bacteria have tough cell walls, they may
be ruptured by mechanical stress such as grinding
or vigorous shaking with glass beads. They may
also be disintegrated by exposure to ultrasonic
vibration,

Further Reading
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Microorganisms are ubiquitous. Since they cause
contamination, infection and decay, it becomes
necessary to remove or destroy them from materials
or from areas. This is the object of sterilisation.
The process of sterilisation is used in microbiology
for preventing contamination by extrancous
organisms, in surgery for maintaining asepsis, in
food and drug manufacture for ensuring safety from
contaminating organisms, and in many other
situations. The methods of sterilisation employed
depend on the purpose for which it is carried out,
the material which has to be sterilised and the
nature of the microorganisms that are to be removed
of destroyed.

Sterilisation is defined as the process by which
an article, surface or medium is freed of all living
microorgamsms either in the vegetative or spore
state. Disinfection means the destruction or removal
of all pathogenic organisms, or organisms capable
of giving nise to infection. The term antisepsis is
used to indicate the prevention of infection, usually
by inhibiting the growth of bacteria in wounds or
tissues. Chemical disinfectants which can be safely
applied to skin or mucous membrane and are used
to prevent infection by inhibiting the growth of
bactena are called antisepeics. Bactericidal agents
ar E‘:nnf::i::f:s are those which are able to kill
bacteria. Bacterfostatic agents un]}r prevent the
multiplication of bacteria which may, however,
remain alive. A chemical which is bactericidal ar a
particular concentration, may only be bacterinstatic
at a higher dilution.

Cleaning, though a routine nontechnical
procedure, plays an important preparatory role

Sterilisation and Disinfection

before sterilisation or disinfection, by removing soil
and other dirt and reducing the microbial burden,
refers to the process of rendering an article or area
free of danger from contaminants, including
microbial, chemical, radivactive and other hazards,

The various agents used in stenlisation can be
classified as follows :

A. Physical agents
Sunlight.
Drying,
Dry heat: flaming, incineration, hot air.
Moist heat: pasteurisation, boiling, steam under
normal pressure, steam under pressure.
Filtration: candles, asbestos pads, membranes.
Radiation.
Ultrasonic and sonic vibrations,

B. Chemicals

g = b

e

1. Alcohols: ethyl, isopropyl, tnchlorobutancl.
2, Aldehydes: formaldehyde, glutaraldehyde.
3. Duyes.

4. Halogens.

5. Phenols.

6. Surface-active agents.

7. Metallic salts.

8.

Gases: ethylene oxide, formaldehyde, beta
Pmpinlactnn:-

SUNLIGHT
Sun]ight possesses aPpr:d.ahll: bactericidal activity
and plays an important role in the spontaneous
sterilisation that occurs under natural conditions.
The action is primarily due to its content of
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ultraviolet rays, most of which, however, are
screened out by glass and the presence of ozone in
the outer regions of the atmosphere. Under natural
conditions, its sterilising power varies according to
I:i.ﬂ.'l.'lm.‘itﬂ]'ll.": -1 Di.TfCt Ell.ll.'ll.iE]'l.tr s i.]'l tra Fl T 3.]
countryside where it 15 not filtered off by mpurities
in the atmosphere, has an active germicidal effect due
to the combined effect of ultraviolet and heat TayE.
Sernple and Grieg showed that in India, ryphoid bacilli
exposed to the sun on pieces of white dnll cloth were
killed in two hours, whereas controls kept in the dark
were still alive after six days. Bactenia suspended in
water are readily destroyed by exposure to sunlight.

DRYING

Moisture is essential for the growth of bacteria,
Four-fifths of the weight of the bactenial cell is
due te water. Drying in air has therefore, a
deleterious effect on many bacteria, However, this
method is unreliable and is only of theoretical
interest. Spores are unaftected by drying.

He s

Heat is the most reliable method of stenlisation

and should be the method of choice unless

contraindicated. Materials that may be damaged

1'.!'_'f' h:ﬂ.r CArn I'.H:' ‘l-ft'l.'i.li!i-l:d at ]uw:r TthErﬂ.TlJIL"E, I:L'I"['

longer periods or by repeated cycles. The factors

influencing sterilisation by heat are:

1. mature of heat—dry heat or moist heat,

2. temperature and time,

3. number of microotganisms present,

4. characteristics of the organisms, such as, species,
strain, sporing capacity, and

5. type of matenal from which the organisms have
to be eradicated.

The killing effect of dry heat is due to protein
denaturation, oxidative damage and the roxic effect
of elevared levels of electrolytes. The lethal effect
of moist heat is due to the denaturation and
coagulation of protein. The advantage of steam lies
in the latent heat fiberated when it condenses on a
cooler surface, raising the temperature of that

surface. In the case of the spore, steam condenses
on it, increasing its water content with ultimate
hydrolysis and breakdown of the bacterial protein.
In acumpl:t:l}' moisture-free E.L'I.'I'.IBEFI'H:I‘E., bacteria,
like many proteins, are more resistant to heat. They
are killed when madation of the cell constituents
occurs and this requiTes much highcr temperatures
than that needed for cna.gu]atinn DFPI‘L‘]!I:E-II'IE.

The time required for sterilisation is imversely
pmpnrﬁnnaE (3] ﬂ'lﬂ t:m]_'ﬂ:mtl.'l.'l.'ﬂ ﬂ"- E!.TH.THIJ.TE :ITI.'I:I
can be expressed as ‘thermal death time’, which is
the minimum time required to kill a suspension of
organisms ar a predetermined temperature in 4
specified environment. The sterilisation time is
related to the number of organisms in the
ﬁuﬁp&nﬁiun, FI'EE'EI'.IL'C' ar HI'.I'E'EI'.IIL'C' I:]f'EI'.IIi}]"I:!i.l l:ll'ld ﬂ.'ll:
strain and characteristics of organism. The
recommended minimum sterilising times do not
include the time taken to reach the specified
temperature. The nature of the material in which
the organisms are heated affects the rate of kalling.
The presence of organic substances, proteins, rn:lrjei-:
acids, starch, gelatin, sugar, fats and oils, increase
the thermal death time. The presence of
disinfectants and high acid or alkaline pH hasten
bacterial killing.

[PRY HEAT

Flaming: Inoculating loop or wire, the tip of
forceps and seanng spatulas are held in a bunsen
flame till they become red hot. Inoculation loops
carrying infective material may be dipped in a
disinfectant before flaming to prevent spartering,
Incineratiog: Lhis is an excellent method for
safely destroying materials such as contaminated
cloth, animal carcasses, and pathological materials.
Plastics such as PVC and polythene can be dealt
with similarly but polystyrene materials emit clouds
of dense black smoke and hence should be
autoclaved 1n appropriate containers.

Hot air oven: Dhis is the most widely used
method of sterilisation by dey hear. A holding period
of 160 °C for one hour 15 used to sterilize glasswm,
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Fig. 3.1 Hot air oven

forceps, scissors, scalpels, all-glass syringes, swabs,
some pharmaceutical products such as liquid
paraffin, dusting powder, fats and grease. Hot air is
a bad conductor of heat and its penectrating power
is low. The oven is usually heated by electricity,
with heating elements in the wall of the chamber.
It must be fitted with a fan to ensure even
distnibution of air and elimination of air pockets
(Fig. 3.1). It should not be overloaded. The material
should be arranged so as to allow free circulation
of air in between the objects. Glassware should be
perfectly dry before being placed in the oven. Test
tubes and flasks should be wrapped in paper.
Rubber materials, except silicon rubber, will not
withstand the temperature. At 180 °C cotton plugs
may get charred. Curting instruments such as those
used in ophthalmic surgery, should ideally be
sterilised for two hours at 150 °C, The Bntish
Pharmacopoeia recommends a holding time of one
hour at 150 *C for oils, glycerol and dusting
powder. The oven must be allowed to cool slowly
for about two hours before the door is opened, since
the glassware may crack due to sudden or ineven
cooling.

Sterilisation control: The spores aof a
nontoxigenic strain of Clostridium tetani are used
as a microbiological test of dry heat efficiency. Paper
strips impregnated with 10° spores are placed in
envelopes and inserted into suitable packs. After
sterilisation, the strips are removed and inoculated
into thioglycollate or cooked meat media and
incubated for sterility test under strict anaerobic
conditions for five days at 37 °C.

A Browne's tube (green spot) is available for
dry heat and 15 converient for routine use. After
proper sterilisation a green colour is produced (after
0 minutes at 160 °C or 115 minutes atr 150 (),
Thermocouples may also be used periodically.

MoisT HEAT

Temperatures below 100 =C
For pasteurisation of milk: The milk is

heated at either 63 “C for 30 minutes (the holder
method) or 72 °C for 15=20 zeconds (the flash
process) followed by cooling quickly to 13 °C or
lower. By these processes all nonsporing pathogens
such as mycobacteria, brucellae and salmonellae
are destroyed. Coxiella burnenii is relatively heat
resistant and may survive the holder method.

Vaccines of nonsporing bacteria are heat
anactivated in special vaccine baths at 60 °C for
one hour. Serum or body fluids containing
coagulable proteins can be stenlized by heating for
one hour at 56 °C in a water bath on several
successive days.

Media such as Lowenstein—Jensen and
Loeffler's serum are rendered sterile by heating at
80-85 °C for half an hour on three successive days
IN an inspissator.

Though practically all mesophilic nonsporing
bacteria are killed by exposure to moist heat at 60 *C
for 30 minutes, Staphylococcus aureus and
Sr.rfp.tgcncccus faecalis require 60 minutes. A
temperature of 80 °C for 5~10 minutes destroys
the vegetative forms of all bacteria, yeasts and
moulds. Among the most heat resistant cells are
the spores of Clostridium botulinum whick require
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120 =C for four minutes, or 100 °C for 330 minutes
for their destruction. Most viruses are 1nactivated
very rapidly at 60 °C, but some are relatively
resistant, for example, poliovirus and heparitis B
virus which may survive for 30 minutes and over
10 hours respectively, at this temperature.
Temperature at 100

Boiling: Vegetative bacteria are killed almost
immediately at 90-100 *C, but sporing bacteria
require prolonged periods of boiling. Boiling is not
recommended for sterilising of instruments used
tor surgical procedures and should be regarded only
as a means of disinfection. Nothing short of
autoclaving at high pressure can destroy spores and
ensure sterilisation. Hard water should not be used.
Stenlisation may be promoted by the addition of
2% sodium bicarbonate to the water.

In cases where boiling is considered adequare,

the material should be immersed in the water and
boiled for 10~30 minutes. The lid of the steriliser
should not be opened during the period.
Steam at  atmospheric  pressure
{100 7y An atmosphere of free steam is used o
steriize culture media which may decompose if
Eu]JJECI:ﬂd mhighq:r temperatures. A Koch or Arnold
steamer is usually used. (Laboratory autoclaves can
also be uwsed for this purpose.) This is an
inexpensive method. The container and medium are
simultaneously sterilised, evaporation from the
medium is prevented and the appararus requires
little or no attennon.

The steamer consists of a nnned copper cabinet
with the walls suitably lagged. The lid is conical,
enabling drainage of condensed steam, and a
perforated tray fitted above the warer level ensures
that the material placed on it is surrounded by steam
(Fig. 3.2). A single exposure of ninety minutes
usually ensures steribsation but for media containing
sugars or gelatin an exposure of 100 °C for 20
minutes on three successive days is used, This is
known as tyndallisation or intermittent sterilisation.
The principle is that the first exposure kills all
vegetative bacteria, and the spores, since they are

Fig. 3.2 Steamer , ) .
in a favourable medium, will germinate and be killed

on the subsequent occasions. Though generally
adequate, this method may fail with spores of
certain anaerobes and thermophiles.
Steam under pressure: The principle of the
autoclave or steam steriliser 1s that water boils when
its vapour pressure equals that of the surrounding
atmosphere. Hence when pressure inside a closed
vessel increases, the temperature at which water
boils also increases. Saturated steam has penetrative
power. When steam comes into contact with a
cooler surface it condenses to water and gives up
its latent heat to that surface (1600 ml steam at
100 “C and at atmospheric pressure condenses into
one ml of water at 100 *C and releases 518 calories
of heat). The large reduction in volume sucks in
more steam to the area and the process continues
till the temperature of that surface is raised to that
of the steam. The condensed water ensures moist
m“d.i:tllﬂm l:_ur kﬂlin.g ﬂ.'l: mi.l:l'ﬂbCF Fl'fm'lt.
Sterilisation by steam under pressure is carried
out at temperatures between 108 °C and 147 =C.
By using the appropriate temperature and time, a
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variety of matenals such as dressings, instruments,
laboratory ware, media and pharmaceutical
products can be sterilised. Aqueous solutions are
sterilised berween 108 °C and 126 °C. Hear is
conducted through the walls of the sealed
containers until the temperature of the fluid inside
is the same as that of the steam outside,

Several types of steam sterilisers are in use:
laboratory autoclaves,

hospital dressing sterilisers,

bowl and instrument sterilisers, and

IHF‘iCI ‘E{?HE'I.'IE EtEﬁLS-E'EE-

Even the domestic pressure cooker can be used
as a steriliser.

In its simplest form, the laboratory autoclave
consists of a vertical or horizontal cylinder of gunmetal
or stainless steel, in a supporting sheet iron case. The
Hl'j or dl.HJI' ;5 ﬁl.'itl:l'lt‘d h:l" SCTOW dﬂm}'ﬁ a'I'H.'I ITIHH:IJ:
':Li.['ﬁghl! h}r a suitable washer. The autoclave has on its
lid or upper side a discharge tap for air and steam, a
pressure gauge and a safety valve that can be set to
blow off at any desired pressure. Heating is by gas or
electricity [Fig 3.3).

Sufficient water is put in the cylinder, the
material to be sterilised is placed on the tray, and
the autoclave is heated, The lid is screwed tight
with the discharge tap open. The safety valve 15
adjusted to the required pressure. The steam-air
mixture 15 allowed to escape freely il all the air
has been displaced. This can be tested by leading
the escaping steam into a pail of water through a
rubber tubing. When no more air bubbles come
out in the pail the discharge tap is closed. The
steam pressure nises inside and when it reaches the
desired set level, the safety valve opens and the
excess steam escapes. From this point, the holding
period is calculated. When the holding period is
over, the heater is turned off and the autoclave
allowed to cool till the pressure gauge indicates
that the pressure inside is equal to the atmospheric
pressure, The discharge tap is opened slowly and
air is let into the autoclave. If the tap is opened
when the pressure inside is high, hquid media will
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Fig. 3.3 A simple autoclave

tend to boil violently and spill from the container

and sometimes an explosion may occur. If opened

after the pressure inside has fallen below
atmospheric pressure, an excessive amount of water
would have evaporated and lost from the media.

The defects in this type of autoclave are:

1. The method of air discharge is inefficient, and
it is difficult to decide when the discharge is
complete. If the air is not completcly removed,
the desired temperature will not be attained.

2. There is no facility for dryving the load after
stenlisation and before raking it out.

The domestic pressure cooker serves as a
rumiature autoclave and may be used for sterilising
small articles in clinies and similar estabhishments.

A wide variety of autoclaves have been
manufactured incorporating various devices for
overcoming these defects and other difficulties in
working.

Sterilisation control: For determining the

cfficacy of moist heat sterilisation, spores of Bacillus

stearothermophilus are used as the test organism.

This is a thermophilic organism with an optimum

growth temperature of 55-60 “C and its spores
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Table 3.1 Recommended temperature and duration for heat sterilisation

Method Temperature ("C)
121
126
134
160
170
180
190

Autoclave

Haor air oven

Holding time (in minures)

15
10
3

45
18

1.5

require an exposure of 12 minutes at 121 °C to be
killed. Paper strips impregnated with 10° spores
are dried at room temperature and placed in paper
envelopes. These envelopes are inserted in different
parts of the load. After sterilisation, the strips are
inoculated into a suitable recovering medium and
incubated for sterility test ar 55 °C for five days.
Chemical indicators, autoclave tapes and
thermocouples may also be used instead.

FiLTRATION

Filtration helps to remove bactenia from heat labile
liquids such as sera and solutions of sugars or
antibiotics used for preparation of culture media.
As viruses pass through ordinary filters, filtration
can be used to obtain bacteria-free filtrates of clinical
samples for virus isolation. Filrer discs also help to
concentrate bacteria from liquids as for example in
testing water samples for cholera vibrios or typhoid
bacilli. Bacterial toxins can be obtained by Fassi.ng
I:I.I.11.1.1'|.'E5- th!'ﬂ'l.l.Eh FI.I[I:I'S-
The following types of filters have been used.
Candle filters: These are manufactured in
different grades of porosity and have been used
widely for purification of water for industrial and
drinking purposes. They are of two types: (a) Un-
glazed ceramic filters (for example, Chamberland
and Doulton filter; (b) Diatomaceous earth filters
(for example, Berkefeld and Mandler filters).
Asbestos filters are disposable, single-use discs.
They have high adsorbing capacity and tend to
alkalinise filtered liquids. The carcinogenic

potential of asbestos has discouraged their use.
Examples are Seitz and Sterimat filters.
Sintered glass filters are prepared by heat-
fusing finely powdered glass particles of graded sizes.
They have low absorptive property and can be
cleaned easily bur are brittle and expensive.
Membrane filters made of cellulose esters or
other polymers have largely replaced other types
of filters. They are routinely used in water
purification and analysis, sterilisation and sterility
testing, and for the preparation of solutions for
parenteral use, They come in a wide range of average
pore diameters (APD), the 0.22 mm size being
most widely used for sterilisation.

RapiaTionN

Two types of radiation are used for sterilisation,
nonionising and ionising. Infrared and ultraviolet
rays are of the nomonising low energy type, while
gamma rays and high energy electrons are the high
CNETEY 10MIsIng type.

Nonionising radiation: Here electromagnetic
rays with wavelengths longer than those of visible
light are used. These are to a large extent absorbed
as heat. Hence infrared radiation can be considered
as a form of hot air sterilisation. Infrared radiation
is used for rapid mass sterilisation of prepacked
items such as synnges and catheters. Ultraviolet
radiation is used for disinfecting enclosed areas such
as entryways, operation theatres and laboratories.
lonising radiation: X-rays, gamma rays and
cosmic rays are highly lethal to DNA and other
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vital constituents. They have very high penetrative
power. Since there is no appreciable increase in
temperature in this method, it is referred to as cold
sterilisation. Commercial plants use gamma
radiation for sterilising items like plastics, syringes,
swahs, catheters, amimal feeds, cardboard, oils,
greases, fabrics and metal foils.

High energy electron radiation as a method of
sterilisation 15 not widely used in mediane,

ULTRASONIC AND SONIC VIBRATION

Ultrasonic and sonic waves are credited with
bactericidal powers but the results have been
variable. Microorganisms vary in their sensitivity
to them and survivors have been found after such
treatment. Hence this method is of no practical
value in sterilisation and disinfection.

CHEMICAL AGENTS
Several chemical agents are used as antiseptics and
disinfectants. However little is known about the
mechanism of action of many of these agents. An
ideal antiseptic or disinfectant should :
* hl'uta\n'idcspm:tnunufacﬁvity and must be
effective against all microorganisms, that is,
bacteria including spores, viruses, protozoea and
fungi;
be active in the presence of organic matrer;
be effective in acid as well as alkaline media;
have speedy action;
have high penetranng power;
be stable;
be compatible with other antiseptics and
disinfectants;
not corrode metals;
not cause local irritation or sensitisation;
not interfere with healing;
not be toxic if absorbed into crculation;
be cheap and easily available; and be safe and
easy to use,
Such an ideal chemical is yet to be found.

The factors that determine the potency of
disinfectants are:

concentration of the substance;

time of action;

pH of the medium;

temperature;

nature of the organisms; and

presence of extraneous material;

Chernical agents act in various ways. The main

modes of action are:

1. protein coagulation;

2. disruption of cell membrane resulting in
exposure, damage or loss of the contents;

3. removal of free sulphydryl groups essential for
the functioning of the enzymes; and

4. substrate tition: A compound resembling

the essential substrate of the enzyme diverts or

misleads the enzymes necessary for the

metabolism of the cell and causes cell death.

- & & & & &

ALCOHOLS

Ethyl aleohol (ethanol) and isopropyl alcohol are
the most frequently used. They are used mainly as
skin antiseptics and act by denaturing bacterial
proteins. They have no action on spores. To be
effective, they must be used at a concentration of
60—90 per cent in water. Protein slows its action
whereas 1% mineral acid or alkali enhances the
action. [sopropyl alcohol is preferred as it is a better
fat solvent, more bactericidal and less volatile, It s
used for the disinfection of chmical thermometers.

Methyl alcohol is effective against fungal spores
and is used for treating cabinets and incubators
affected by them. The insides of the chambers are
wiped with liberal amounts of methanol. A pad
moistened with methanol and a dish of water (to
COSWne high i'lu.mid'lt}'] are h:pt imiill:. and the
incubator is left at working temperature for several
hours. Methyl alcohol vapour is toxic and
inflammable.

ALDEHYDES
Formaldehyde 1s active against the amino group in
the protein molecule. In aqueous solutions, it is
markedly bactericidal and sporicidal and also has a
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lethal effect on viruses. It is used to preserve
anatomical specimens, and for destroying anthrax
spores in hair and wool; 10 % formalin contdining
0.5% sodium tetraborate is used to sterilise clean
metal instruments.

Formaldehyde gas is used for sterilising
mnstruments and heat sensitive catheters and for
fumigating wards, sick rooms and laboratories.
Under properly controlled conditions, clothing,
bedding, furniture and books can be satisfactorily
disinfected.

The gas is irritant and toxic when inhaled.
Surfaces which have been disinfected by this agent
may gave off an irritant vapour for some time after
disinfection. This can be nullified by exposure to
ammonia vapour after disinfection has been
completed.

Glutaraldehyde: This has an action similar to
tormaldehyde. It 1s specially effective against
tubercle bacilli, fungi and viruses. It is less toxic
and irritant to the eves and skin than formaldehyde.
It has no deleterious effect on the cement or lenses
of instruments such as cystoscopes and
bronchoscopes. It can be safely used to treat
corrugated rubber anesthetic tubes and face masks,
plastic endotracheal tubes, metal instruments and

polythene rubing.
DyEs

Two groups of dyes, aniline dyes and acndine dyes
are used extensively as skin and wound antiseptics.
Both are bacteriostatic in high dilution but are of
low bactericidal activity. The aniline dyes in use
are brilliant green, malachite green and crystal violet,
Th :}" darc morec lll:til"ll: H.Eiil'.lit G’I'IITI FDEi[iTﬂ:
organisms than against Gram negative organisms.
They have no activity against tubercle bacilli, and
hence the use of malachite green in the
Lowenstein=Jensen medium. Though they are
nonirritant to the tissues and nontoxie, they are
considerably inhibited by organic material such as
pus. Their lethal effects on bacteria are believed to
be due to their reaction with the acid groups in the

cell. These dyes are used in the microbiology
laboratory as selective agents in culture media.

The acridine dyes are more active against Gram
positive organisms than against Gram negative but
are not as selective as the aniline dyes. They are
affected very little by the presence of organic marter.
The more important dyes are proflavine, acriflavine,
euflavine and aminacrine, They show no significant
differences in potency. If impregnated in gauze, they
are slowly released in a moist environment, and
hence their advantage and use in clinical medicine.
They impair the DNA complexes of the organisms
and thus kill or destroy the reproductive capacity
of the cell.

HaLoGENS

lodine in aqueous and alcoholic solution has been
used widely as a skin disinfectant. It is actively
bactericidal, with moderate action against spores.
It is active against the tubercle bacteria and viruses.
Compounds of iodine with nonionic wetting or
surface active agents known as iodophores are
claimed to be more active than the aqueous or
aleoholic solutions of iodine.

Chlorine and its compounds have been used as
disinfectants for many years. Water supplies,
swimming pools, food and dairy industries use
chlorine for disinfection. Chlorine is used
commonly as hypochlorites. Chlorine and
hypochlorites are markedly bactericidal. They have
a wide spectrum of action against viruses. The
organic chloramines are used as antiseptics for

dressing wounds.

PHENOLS

These are obtained by distillation of coal tar
between temperatures of 170 °C and 270 °C., Lister,
the father of antiseptic surgery, first introduced their
use in surgery (1865). Since then a wide range of
phenolic compounds have been developed as
disinfectants. The lethal effect of phenols is due 1o
their capacity to cause cell membrane damage,
releasing cell contents and causing lysis. Low
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concentrations of phenol precipitate proteins.
Membrane-bound oxidases and dehydrogenases are
inactivated by concentrations of phenol that are
rapidly bactericidal for microbes.

Phenol (carbolic acid) 1s a powerful
microbicidal substance. This and other phenolic
disinfectants derived from coal tar are widely used
as disinfectants for various purposes in hospitals.
Lysol and cresol are active against a wide range of
organisms. They are not readily inactivated by the
presence of organic marter and are thus good general
disinfectants. These are toxic to humans. Various
proprietary preparations or formulations of phenol
are in wide use, The related chlorophenols and
chloroxyphenols, though less toxic and irritant, are
less active and more readily inactivated by organic
matter. Both these groups of substances are relatively
inactive against Pscudomonas. Various
combinations of these are used in the control of
progenic cocci in surgical and neonatal units in
hospitals. Hexachlorophene is potentially toxic and
should be used with care. Chlorhexidine (Hibitane)
15 @ relatively nontoxic skin antiseptic most active
against Gram positive organisms and fairly effective
against Gram negative ones. Aqueous solutions are
used in the treatment of wounds.

GASES

Ethylene oxide: Thas is a colourless liquid with
a boiling point of 10.7 °C, and at normal temperature
and pressure is a highly penetrating gas with a sweet
ethereal smell. It 15 highly inflammable and in
concentrations in air greater than 3%, highly
explosive. By mixing it with inert gases such as
carbon dioxide or nitrogen, to a concentration of
108, 1ts explosive tendency is eliminated,

Its action is due to its alkylating the amino,
carboxyl, hydroxyl and sulphydryl groups in protein
molecules, In addition, it reacts with DNA and
RNA. Its use as a disinfectant presents a prtential
toxicity to human beings, including mutagenicity
and carcinogenicity. It is effective against all types
of microorganisms including viruses and spores,

It diffuses through many types of porous
materials and readily penetrates some plastics. It is
specially used for sterilising heart—lung machines,
respirators, sutures, dental equipment, books and
clothing. It is unsuitable for fumigating rooms
because of its explosive property. It has been
successfully used to sterilise a wide range of
materials such as glass, metal and paper surfaces,
clothing, plastics, soil, some foods and tobacco. It
1 irritant, and personnel working with it have to
rake strict precautions.

Formaldehyde gas: This is widely employed
for fumigation of operation theatres and other
rooms. After sealing the windows and other outlets,
formaldehyde gas is generated by adding 150 g of
KMnO, to 280 ml formalin for every 1000 cu. ft
(28.3 cu. m) of room velume. The reaction produces
considerable heat, and so hear resistant vessels
should be used. After starting generation of
formaldehyde vapour, the doors should be sealed
and left unopened for 48 hours.

Betapropiolactone (BPL): This is a
condensation product of ketane and formaldehyde
with a boiling point of 163 “C, Though as a gas it
has low penetrating power, it is said to be more
efficient for fumigating purposes than formaldehyde.
It has a rapid biocidal action but unfortunately has
carcinogenic activity. For sterilisation of biological
products 0.2% BPL is used. It is capable of killing
all microorganisms and is very active against viruses.

SURFACE ACTIVE AGENTS

Substances which alter energy relationship at
interfaces, producing a reduction of surface or
interfacial tension are referred to as surface active
agents, They are widely used as wetting agents,
detergents and emulsifiers. They are classified into
four main groups, anionic, cationic, nonionic and
amphoteric. The most important antibacterial
agents are the cationic surface active agents. These
act on the phosphate groups of the cell membrane
and also enter the cell. The membrane loses its
semipermeability and the cell proteins are
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denatured. The cationic compounds in the form of
quaternary ammonum compounds are markedly
bactericidal, h:i.nE active against Gram positive
organisms and to a lesser extent on Gram negative
ones. They have no action on spores, tubercle baclli
and most viruses. The common compounds are
acetyl trimethyl ammonium bromide (Cetavion or
cetrimide) and benzalkonium chloride. These are
most active at alkaline pH. Acid inactivates them.
Organic matter reduces their action and anionic
surface active agents, like ordinary soaps, render
them inactive. The anionic cnmpnunds, e
common soap, have moderate action. Soaps
prepared from saturated fatty acids (such as coconut
oil) are more effective against Gram negative bacilli
while those prepared from unsaturated fatty acids
ioleic acid) have grearer action against Gram
positive and Neisseria group of organisms. The
amphoteric or ampholytic compounds, known as
Tego' compounds, are active against a wide range
of Gram positive and Gram negative organisms and
some virases, These, however, are not in general
use,
MervaLLic Savrs

Though all salts have a certain amount of germicidal
action depending on their concentration, salts of
heavy metals have a greater action. The salts of
silver, copper and mercury are used as disinfectants.
They are protein coagulants and have the capacity
to combine with free sulphydryl groups of cell
enzymes, when used at appropriate concentrations.

Mercuric chloride, once used as a disinfectant is
highly toxic. The organic compounds, thiomersal,
phenyl mercury nitrate and mercurochrome, are less
toxic and are used as mild antiseptics and have a
marked bacteriostatic, but a weak bactericidal and
limited fungicidal action. Silver salts in agueous
solution have a limited use. Copper salts are used
as ﬁmg'il:id.:ﬁ-
TESTING OF INSINFECTANTS

There is no single reliable test available to
determine efficiency of a disinfectant. This is due
to the number of parameters which influence
disinfectant activity. Traditionally in such tests
phenal is taken as the standard. In the Rideal
Walker test, suspensions containing equal numbers
of typhoid bacilli are submitted to the action of
varying concentrations of phenol and of the
disinfectant to be tested. The dilution of the test
disinfectint which sterilises the suspension in a
given time, divided by the corresponding dilution
of phenol is stated as the phenol coefficient (Phenol
= 1) of the disinfectant. This test does not reflect
natural conditions as the bacteria and the
disinfectant react directly without any organic
matter being present, Modifications have therefore
been suggested. In the Chick Martin test, the
disinfectant acts in the presence of organic matter
(dried yenst or feces). Even this modification falls
short of simulating natural conditions . Various other
modifications have been introduced, but no test is
entirely satisfactory.

Further Reading
Block 55 (ed). 1991. Chemical Disinfection in Hospitals, 2*° edn. London, Public Health Laboratory Service.
Crardner JF. and MM. Peel 1991. Introduction to Sterilization and Disinfection, 2 edn. Edinburgh: Churchill Livingstone.
Bussell AL et al. 1992, .Prfﬂ:‘fpfﬂ and Pracrice of Iisinfection, Sterilisation and Preservation, 2 edn. Oxford: Blackwell
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Culture Media

Bacteria have to be grown (culrured) for them to
be identified, as only rarely can they be recognised
by their morphology alone. The study of bactena
involves the study of bacterial populations rather
than of single bacterial cells. In the human and
animal bodies, as well as in other natural sources,
bacteria occur as mixed populations. By appropriate
procedures they have to be grown separately
(isolated) on culture media and obtained as pure
cultures for study.

Numerous culture media have been devised. The
ongnal media used by Louis Pasteur were liquids
such as urine or meat broth. Liquid media have
many disadvantages. Bacteria growing in hquid
media may not exhibit specific characrenstics for
their identification. It iz also difficult to isolate
difterent types of bacteria from mixed populations,
using liquid media. However, |i-|:|ui-|:| media have
their uses, for example, for obtaining bacterial
growth from blood or water when large volumes
have to be tested, and for preparing bulk cultures
of antigens or vaccines.

While bacteria grow diffusely in hquids, they
produce discrete visible growth on sohid media. 1f
inoculated in suitable dilutions, bacteria form
colonies, which are clones of cells originating from
a single bacterial cell. On sobhd media, bactena have
distinct colony morphology and exhibit many other
characteristic features such as pigmentation or
hemolysis, making identification easy. The earliest
solid medium was cooked cut potato used by Robert
Koch. Later he introduced gelatin to solidify liquid
media but it was not satisfactory as gelatin s
liquefied at 24 °C and also by many protealytic

bacteria. The use of agar to solidify culture media
was suggested by Frau Hesse, the wife of one of
the investigators in Koch's laboratory, who had seen
her mother using agar for making jellics!

Agar (or agar-agar) is now universally used
for preparing solid media. Agar 15 obtained from
some types of seaweeds. lts chief constituent is a
long chain polysacchande. It also contains varying
amounts of inorganic salts and small quantities of a
protein-like substance. It has virtually no nutritive
value and is not affected by the growth of bacteria.
Agar is hydrolysed ar high temperatures, at high
acid or alkaline pH. Its unique property is that it
melts at 98 *C and usually sets at 42 °C depending
on agar concentration. Approximately 2% agar is
employed for solid media. The jellifying property
varies in different brands of agar; for example, New
.E.l::lmd lgﬂf hﬂ.ﬁ- maore jﬂllllﬁ'lll'lg L'HPH.EIlT}' th’.n.
Japanese agar. Agar is manufactured either in long
shreds or as powder. There may be variations
between different batches of the same brand, apart
from the differences due to a different source of
agar.

Another almost universal ingredient of common
media is peptone. It is a complex mixture of partially
digested proteins. Its constituents are proteoses,
polypeptides and aminoacids, a vanety of inorganic
salts including phosphates, potassium and
magnesium and certain accessory growth factors
such as riboflavin. Different brands of peptone show
appreciable differences in composition and growth
promoting properties. There may be variations
between different barches of the same brand.

Special brands of peptone such as neopeptone
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Blood agar; Sireg pyogomes
showing bela hemalysis

h. :

Blood agar: Strop pyogenes magnified to show
small colonies surrounded by zones of clear hemalysis

Blood agar with alpha hemalytic Blood tallurite agar showing biack colonigs
viridans streplocooc af diphthena hacill
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MacConkey agar with farge, mucold

Kileb preumoniae colonies

MacConkey agar with smooth, pink colonkes
of Escherichia coli

TCBS agar with green colonies
of ¥ parahemolyticus

MacConkey agar with colonies
of E coli (pink} and 5 typhi {colourless)
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and proteose peptone are available for special uses.
Commeraally available peptones or digest broth can
be used. Meat extract is also available commercially
and is known as Lab-Lemco, Blood, serum and yeast
extract are other common ingredients.

Tyres

Media have been classified in many ways:

1. Solid media, liquid media, semisolid media.

2. Simple media, complex media, synthetic or
defined media, semidefined media, special
media. Special media are further divisible into:
enriched media, enrichment media, selective
media, indicator or differential media, sugar
media, and transport media.

3. Aerobic media, anaerobic media.
Simple media (basal media): An example
15 nutrient broth. It consists of peptone, meat extract,
sodium chlonde and water. Nutrient agar, made h}'
adding 2% agar to nutrient broth is the simplest
and most common medium in routine diagnostic
laboratories. If the concentration of agar is reduced
to 0.2-0.5%, semisolid or sloppy agar is obtained
which enables motile organisms to spread. Increasing
the concentration of agar to 6% prevents spreading or
swarming by organisms such as Proteus,

Complex media: These have added ingredients

for special purposes or for bringing out certain

charactenistics or providing special numients required
for the growth of the bacterium under study.

Svnthetic or defined media: These media

are prepared from pure chemical substances and

the exact composition of the medium is known.

These are used for various special studies such as

metabolic requirements. Simple peptone water

medium, 1% peptone with 0.5% NaCl in warer,
may be considered a semidefined medium since its
composition 15 approximately known.

Enriched media: In these media, substances such

as blood, serum, or egg are added to a basal medium.

They are used to grow bacteria which are more

exacting in their nuiritnonal needs. Examples are blood

agrar, chocolate agar and egg media.

Enrichment media: In mixed cultures or in
materials containing more than one bacterium, the
bacterium to be isolated is often overgrown by the
unwanted bacteria. Usually the nonpathogenic or
commensal bacteria tend to overgrow the
pathogenic ones, for example 5.cyphi being
overgrown by E. coli in cultures from feces. In such
situations, substances which have a stimulating
effect on the bacteria to be grown or an inhibitory
effect on those to be suppressed are incorporated
in the medium. If such substances are added to a
liquid medium, the result is an absolute increase in
the numbers of the wanted bacterium relative to
the other bacteria. Such media are called
enrichment media, for example tetrathionate broth
where the tetrathionate inhibits coliforms while
allowing typhoid-paratyphoid bacilli to grow frecly,
and Selenite F broth for dysentery bacilli.
Selective media: As in the above case, if the
inhibiting substance is added to a solid medium, it
enables a greater number of the required bacterium
to form colonies than the other bacteria, for example,
desoxycholate citrate medium for dysentery bacilhi.
such solid media are known as selective media.
Indicator media: These media contain an
indicator which changes colour when a bacterium
grows in them, for example incorporation of sulphite
in Wilson and Blair medium. S. typhi reduces
sulphire to sulphide in the presence of glucose and
the colomes of 5. typhi have a black metallic sheen.
Potassium tellurite in MeLeod's medium is reduced
to metallic tellurium by the diphtheria bacillus o
produce black colonies.

Differential media: A medium which has
substances incorporated in it, enabling it to bring
out differing characteristics of bacteria and thus
helping to distinguish between them, is called a
differential medium. For example, MacConkey's
medium which consists of peptone, lactose, agar,
neutral red and taurocholate shows up lactose
fermenters as pink colonies, while nonlactose
fermenters are colourless or pale. This may also be
termed indicator medium.
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Some of these terms for media are
interchangeable. For example, the blood agar
medium is an enniched medium but bactena lysing
red cells show a clearing around their colonies.
Thus, 1t is an indicator medium as well. There are
many special media for demonstrating particular
characteristics, like Nagler's medium which enables
us to view lecithinase activity.

Sugar media: The term ‘sugar’ in microbiology
denotes any fermentable substance. They may be:
1. Monosaccharides - a) pentoses, e.g., arabinose,
xylose, b) hexoses, e.g., dextrose, mannose
Disaccharides, e.g., saccharose, lactose

. Polysaccharides, e.g., starch, inulin

. Trisacchandes, e.g., raffinose

Alcohols, e.g., glycerol, sorbitol

Glucosides, e.g., salicin, aesculin
Noncarbohydrate substances, e.g., inositol.
The usual sugar media consist of 1% of the sugar
in peptone water along with an appropriate
indicator. A small ube (Durham's tube) is kept
inverted in the sugar tube to detect gas production.
For organisms which are exacting in their growth
requirements {for example pneumococc), Hiss'
serum sugars are used. They conrain 3% serum.
Transport media: In the case of delicate
organisms (like gonococci) which may not survive
the time taken for transporting the specimen to the
labaratory or may be overgrown by nonpathogens

Mk b

(such as dysentery or cholera organisms in feces),
special media are devised for transporting the
specimens, These are termed transport media, for
example, Stuart’s medivm—a non-nutrient soft agar
el containing a reducing agent to prevent oxidation,
HI'.Id Ehil’CUHl o HEutfﬂliEE 'L'El'tﬂlll'.l bact:rial
mhibitors—for gonococe, and buffered glycerol
saline for enteric bactlli.

Anaerobic media: These media are used to
grow anaerobic organisms, for example, Robertson's
cooked meat medium,

Various media to test special properties like
urease production, and compesite media for
simultaneous demonstration of different features
hﬂ.'l.": '|:t|:1.'n 'I:Il:"u"lliﬂ'd. Thl:}' arc IEII:IIt With iﬂ tl'l:
appropriate chapters.

For identifying prepared media, a colour code
is usually adopted. This depends on the laboratory
or group of laboratories. One colour or a micture
of colours is used on the cotton stopper, or colour
paints are used on the caps.

Culture media used to be prepared in
laboratories themselves, starting with basic
ingredients. Not only was this laborious but it also
led to considerable batch variation in the quality of
media. With the ready availability of commercial
dehydrated culture media, the process of media
making has become simpler and its quality more

uniform.

Further Reading

Adlas PM and LC Parks 1999, Micrabiological Mediz. Manyland: CRC Press.
Cruickshank R e1 al. 1975, Medical Micrabilology Val. 11, The Practice of Medical Microbiology, 12" edn. Londomn:

Churchill Livingstone,

Difeo Manual of Dehydrated Culture Media and Reagenrs, 1977, 9 edn. Michigan: Difco Laboratories.

Onooid Manual 1976. 3rd edn. Basingstoke: Oxoid Led.

Murray PR et al 1999, Manual of Clinical Microbiology: 7 edn. Washingron DC: ASM Press.



Culture methods employed depend on the purpose

for which they are intended. In the clinical laboratory,

the indications for culture are mainly to:

1. isolate bacteria in pure culture;

2. demonstrate their properties;

3. obtain sufficient growth for preparation of
antigens and for other tests;

4. type isolates by methods such as bacteriophage
and bacteriocin susceptibility;

5. determine sensitivity to antibiofics;

6. estirnate viable counts; and

7. maintain stock cultures.

The methods of culture used ordinanly in the
laboratory are the streak, lawn, stroke, stab, pour
plate and liquid cultures. Special methods are
employed for cultunng anaerobic bacteria.

The streak culrure (surface plating) method is
routinely employed for the isolation of bacteria in
pure culture from clinical specimens. A plarinum
loop is charged with the specimen to be cultured.
Owing to the high cost of platinum, loops for
routine work are made of Nichrome resistance wire
(24 SWG size). One loopful of the specimen is
transferred onto the surface of a well dried plate,
on which it is spread over a small area at the
periphery. The inoculum is then distnbuted thinly
over the plate by streaking it with the loop in a
series of parallel lines, in different segments of the
plate. The loep should be flamed and cooled
between the different sets of streaks. On incubation,
growth may be confluent at the site of original
inoculation, but becomes progressively thinner, and
well separated colonies are obtained over the final
series of streaks.

Culture Methods

The lawn or carper culture provides a umform
surface growth of the bacterium and is useful for
bacteriophage typing and antibiotic sensitivity
testing (disc method). It may also be employed
when a large amount of growth is required on solid
media as, for instance, in the preparation of bacterial
antigens and vaccines. Lawn cultures are prepared
by flooding the surface of the plate with a liquid
culture or suspension of the bacterium, pipetting
off the excess inoculum and incubating the plate.
ﬂltl:rnatiinl:l}r, the surface of the 'F].lt: may be
inoculated by applying a swab soaked in the bactenal
culture or suspension.

The stroke culture is made in tubes containing
agar slope (slant) and is employed for providing a
pure growth of the bacterium for slide agglutination
and other diagnostic tests.

Stab cultures are prepared by puncturing a
suitable medium such as nutrient gelatin or glucose
agar with a long, straight, charged wire. The
medium is allowed to set, with the tube in the
upright position, providing a flat surface at the top
of the medium. Stab cultures are employed mainly
for demonstration of gelatin liquefaction and oxygen
requirement of the bacterium under study. They
are also used in the maintenance of stock cultures.

For preparing pour plate culture, tubes
containing 15 ml of the agar medium are melted
and left to cool in a water bath at 45-50 *C.
Appropriate dilutions of the inoculum (of 1 ml)
are added to the molten agar, mixed well and the
contents of the tubes poured into sterile Petri dishes
and allowed to ser. After incubatioin, colonies will
be seen well distributed throughout the depth of



40 + Textbook of Microbiology »

the medium and can be enumerated using colony
counters. The pour plate method gives an estimate
of the viable bacterial count in a suspension and 15
the recommended method for quantitative urine
cultures.

In the sweep plate method, the edges of the
Petnn dishes containing the culture medium are
rubbed over the fabric, with the medium facing it
The dust particles stirred up from the cloth sertle
on the culture medium, and colonies develop on
incubation. They can be counted and estimates
made,

Liguid cultures in tbes, bottles or flasks may
be inoculated by touching with a charged loop or
by adding the inoculurn with pipettes or syringes,
Large nocula can be employed in hguid cultures
and hence this method 15 ﬂdnp‘l‘:d for blood culture
and for sterility tests, where the concentration of
bacteria in the inocula is expected to be small. Liguid
cultares are preferable tor inocula containing
antibiotics and other inhibitory substances, as these
are rendered ineffective by dilution in the medium.
Liguid cultures are also preferred when large yields
are desired, the yield being enhanced by agitation,
acration, addition of nutrients and removal of toxac
metabolites (continuous culture methods). The
major disadvantage of liquid culture is that it does
not provide a pure culture from mixed inocula.

AmMAaBrORIC CULTURE METHODS

Anaerobic bacteria differ in their requirement of
and sensitivity to oxygen. Some, such as Cl.
histolyticum, are aerotolerant and may produce
some growth on the surface of acrobic plates, while
others such as CL retani, are strict anaerobes and
form surface growth only if the oxygen tension is
less than 2 mmHg. A number of methods have
been described for achi:uing anacrobiosis, h].r
exclusion of oxygen or production of a vacuum,
displacement of oxygen with other gases, absorption
of oxygen by chemical or biological means, and
reduction of oxygen.

1. Cultivation in vacuem was attempted by

incubating cultures in a vacuum desiccator, but
the method is unsatisfactory as some oxygen is
IJWE.}"FI- IE:FI: hi:]'li]'u:l- nLI.IIL:I. 1_'|.[||.'L||1:5 ITI.H.:r' h]il OVEr
and the media may get detached from the plates
in the vacuum produced. This method is not in
ST MR,

. Displacement of oxygen with gases such as

hydrogen, nitrogen, heliom or carbon dioxide
15 SOMETImes :mp]n:ﬂ:d, but this method :r:an:l:p
produces complete anaerobiosis. A popular, but
ineffecrive method is the candle jar. Here
inoculated plates are placed inside a large
arrtight container and a lighted candle kept in
it before the lid is sealed. The burning candle is
expected to use up all the oxygen inside before
II'II II5- ﬂt;]‘tgl.liﬂl'ltd, I'.I-'Llr SOIMme [JIPH-'EI:TI. i..‘i El“'ﬂ.'r\!'!i
left behind., The candle jar p:r:;wirl:!i a
concentration of carbon dioxide which
stimulates the growth of most bacteria.

. In the chemical or biological method, alkaline

pyrogallol absorbs oxygen. This method, first
introduced by Buchner (1888), has been
employed with different modibications for
providing anaerobiosis. Pyrogallic acid added
to a solution of sodium hydroxide in a large test
tube placed inside an airtight jar provides
H.]"I.E.'I:I[ilbllﬂ!’i-lli hL!t d :‘i-lTllI] armount I.TE- Elfh'nn
manoxide, which is formed during the reaction,
may be inhibitory to some bacteria. The method
has been applied to single tube and plate cultures.
The Spray anaerobic dish is a glass dish with
its bottom partitioned into two halves, the top
accommaodating half of a Petri dish carrying the
medium. Pyrogallic acid and sodium hydroxide
are placed in the separate halves at the bottom
of the dish. The inoculated culture plare is
inverted on the top of the dish and 5 sealed
t:}[n],'lll:h:t}r. TI'.I’:' di.ﬁ!'l. 'i‘!i th:n T[}Ek:d T ITII.I thl:
reagents, producing anaerobiosis. The anaserobic
dizh is not in use now.

A simple modification consists of a Petn dish,
between the two halves of which is inserted a
metal disc of slightly larger diameter, with a
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hole in the centre. The metal disc is attached to
the bortom half of the Petri dish with plasticine.
Through the central hole a few pellets of sodium
hydroxide and 10 ml of a 10% solution of
pyrogallic acid are added. The inoculated half
of the Petri dish is then inverted on the metal
disc and sealed tighuly.

The method in common use employs a disc
of filter paper having the same diameter as a
Petri dish. It is placed on top of one half of the
dish and a mixture of pyrogallol and sodium
carbonate, in dry powder form, is spread on it
The inoculated plate is inverted over the filter
paper and sealed tight with molten wax. The
dry pyrogallol mixture is activated by the
moisture within the closed system, and complete
anacrobiosis develops within about two hours,

Instead of alkaline pyrogallol, anaerobiosis
has been produced within jars with a mixture
of chromium and sulphuric acid (Rosenthal
method) or with yellow phosphorous.

Absorption of oxygen from small closed
systems has been attempted by incubation along
with aerobic bacteria, germinating seeds or

Fig. 5.1 Mcintosh-Fildes jar

chopped vegerables. Anaerobiosis produced by
such biological methods is slow and ineffective.

The most reliable and wadely used anaerobic
method is the Melnrosh—Fildes' anaerobic jar
(Fig. 5.1). It consists of a stout glass or metal
jar with a metal id which can be clamped air
tight with a screw. The lid has two tubes with
taps, one acting as the gas inlet and the other as
the outlet. The lid also has two terminals
which can be connected to an electrical supply.
Leading from the terminals and suspended by
stout wires on the underside of the lid is a small
grooved porcelain spool around which is
wrapped a layer of palladinised asbestos,
Inoculated culture plates are placed inside the
jar, with the medium in the bottom half of the
plates, and the lid clamped tight. The outlet tube
is connected to a vacuum pump and the air
inside 15 evacuated. The outlet tap is then closed
and the inlet tube connected to a hydrogen
EI.IPF-I}I'. After the jar is filled with h].rdmgcn, the
electric terminals are connected to a current
supply so that the palladinised asbestos is heated.
This acts as a catalyst for the combination of
hydrogen with the residual oxygen present in
fl'.l.l:' jﬂ.!.'- T].'IIIE m:th IJ'EI CNsUres ED]TIFIE':L'
anaerobiosis but carries the risk of explosion,
which may rarely occur. This risk can be
eliminated by modification of the catalyst.
Alumina pellets coated with palladium in a
gauze sachet suspended from the lid of the jar
act as a catalyst at room temperature, as long as
the sachet is kept dry.

The Gaspak is now the method of choice
for preparing anaerobic jars. The Gaspak is
commercially available as a disposable envelope,
containing chemicals which generate hydrogen
and carbon dioxide on the addition of water.
After the inoculated plates are kept in the jar,
the Gaspal: l:m-tll;:p:, with water added, is p]acu:l
inside and the lid screwed tight. Hydrogen and
carbon dioxide are liberated and the presence
of a cold catalyst in the envelope permits the
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combination of hydrogen and oxygen to produce
arl :anal:ruhic En\'i.l'ﬂ}ﬂm:nt. T]'I.l:' GHEPH‘C i.5
simple and effective, eliminating the need for
drawing a vacuum and adding hydrogen.

An indicator should be employed for
verifying the anaerobic condition in the jars.
Reduced methylene blue is generally used for
this purpose. It remains colourless anaercbically
but turns blue on exposire to axygen.

4. Reduction of oxygen in the medium is achieved
by the use of vanous reducing agents, including
1% glucose, 0.1% thioglyeolate, 0.1% ascorbic
acid and 0.05% cysteine. Broth is an easily
prepared anaerobic medium into which pieces
of red hot metallic iron are introduced. It is
then layered over with sterile vaseline. Broth
containing fresh animal tissue, such as rabbic
kidney, spleen, testes or heart (Smith—Noguchi
ITH:'I'.IiLIlTI}r EUFF[”'['E t]'": Hfﬂwrh []F man}-‘
anacrobes,

Thioglycolate broth with hemin and vitamin K
15 an eariched liquid medium for culturing
anaerobic and microaerophilic bacteria.
Addinon of a small quantity of agar enhances
the anaerobic capacity of the medium by slowing
the diffusion of oxygen in it

Robertson's cooked meat medium is probably
the most widely used fluid medium for the culmure
of anaerobes. [t consists of fat-free minced cooked
meat in broth, with a layer of sterile vaseline over
it. It permits the growth of even strict anaerobes
and indicates their saccharolytic or proteolync
activinies, by the meat being tumed red or black,

r:sp:u:rtv:l}r.

For fastidious anaerobes, particulaﬂ}' for
quantitative cultures, pre-reduced media and an
anacrobic chamber (‘glove box”) may be used. The
anaerobic chamber is an airtight, glass-fronted
cabinet filled with inert gas, with an entry lock for

the introduction and removal of materials, and

E‘IEFEE f-l'_'ll' d'l’: h:l.'l'll'ji

MeTHODs oF IsoLaTinGg PURE
CULTURES
The following methods may be employed for
is::n]ar_ing- pure cultures of bacteria from mDotures:

1. Surface plating is the method routinely
employed in clinical bacteriology and enables
tl'lf i.ﬁl:]]atiﬂﬂ [deiS['.i.ﬂL't E[?IEITLII'EE- Whitl.'l ITI.E}" I'.IE
picked out, if necessary for further purification
and study.

2. Ennchment, selective and indicator media are
widely used for the isolation of pathogens from
specimens such as feces, with varied flora.

3. Pure cultures may be obtained by pretreatment
of .‘iFtL‘i.]TIE!I‘lE- with lppmpriatt bactericidal
substances which destroy the unwanted bacteria.
This method is the standard practice for the
isolation of tubercle bacilli from sputum and
other clinical specimens, by treatment with
alkali, acid or other substances to which most
commensals are susceptible but tubercle bacilh
are resistant.

4. Obligate acrobes and anaerobes may be
EEF.H.IEH:L{ |:::.-' cultivation under aerohic or
anacrobic conditions. Shake cultures in Veillon
tubes were in use formerly but are now obsolete.
This consists of a glass tube open at both ends.
One end is closed with a rubber stopper and
molten glucose agar in which the inoculum is
evenly dispersed 15 poured into the tube and
allowed to set in a vertical position. The top of
the tube is closed with a cotton plug. On
incubation, the bacteria in the inoculum
differentiate depending on their oxygen
requirement. The obligate acrobes grow at the
top and the anaerobes at the bottom, while the
facultative bacteria grow throughout the
column. The entire medium can be extruded on
to a plate and the different colonies fished out.

5. Separation of bacteria with different
temperature optima can be cifected by
incubation at different temperatures. Only
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thcrrnnphi]'l-c bacteria grow at 60 *C. A mixture
1::;11r:|.in'mg N m:m'ngih'ﬂ'fs and N, cararrhalis
can be purified by incubation ar 22 *C when
only the latter grows,

By heating 4 mucture containing vegetative and
spore forming bacteria, at 80 *C the former can
be eliminated. This method is useful for the
olation of tetanus bacilli from dust and simalar
SOLTCeS.

. SCP:II:E.IIIEIH nf ml'.lﬁlf I:Fﬂll'.l'l I'II:]!'l!'I'ID[i.IE I'.Iﬂ.l_'tl:riﬂ.
can be effected LSITE E:'ﬂigft'ﬁ tuhe. This consists
of a tube of semisolid agar, with a narmow tube
open at both ends placed in the centre of the
medium in such a way that it pm_i:ctr. ahove the
level of the medmm. The momure 15 inoculated
into the central tube. On incubation, the maotile

bacteria alone traverse the agar and appear at the
tDF ﬂ'f "l'l: :I'I.'H:nl:l.lu.ln ﬂ'l.l.m\idf I'l'lf -:.'I:I'J'I:I'u-i l'LlJ:H.".

A U-tube also serves the ﬁmml'mpnﬁc,inumlulim
being performed in one limb and the subculture
taken from the other. This method can also be
used to obtain phase vanants in Salmonella species.

. Pathogenic bacteria may be isolated from

mixtures by inoculation into appropriate ammals.
Anthrax bacilli can be distinguished from other
aetobic E]Jnrulat'mg bacilli by inoculation into
mice or gunea pigs. Anthrax bacilli produce a
fatal septicemia and may be cultured pure from
the heart blood.

. Bacteria of differing sizes may be separated by

the use of selective hlters. Filters are widely used
for separating viruses from bacteria.

Further Reading

Collee JG et al. 19%. Practical Medical Microbiology 4" edn. Edinburgh: Churchill Livingstone.
Murray PR et al. 1999, Manuval of Clinical Microbiology, ™ edn. Washingron, DXC: Amencan Society of Microbiology.



Identification of Bacteria

Once a bacterium has been obtmined in pure culture,
it has to be identified. The f{:lluwing characteristics
have to be studied in the process.

MORPHOLOGY

The morpholegy of the bacterium depends on a
number of factors such as the strain studied, nature
of the culture medium, temperature and tlnl'u: of
incubation, age of the culture and the number of
subcultures it has undergone, The characteristics
noted are shape, size, arrangement, motiliry, flagella,
spores and capsules. All these cannot be made out
in a single medium. The shape may be spherical,
filamentous, rod shaped, comma shaped or spiral.
The axs of the organism may be straight or curved.
The length and breadth may vary. The sides of the
organism may be parallel, convex, concave or
i . The ends may be cut straight, rounded or
tapering. Considerable vanations in shape and size
leading to club, navicular and swollen or shadow
or giant forms may be seen. They may be arranged
singly, in pairs, in tetrads or in packets of eight, or
in chains, short or long, in the case of cocci; bacilli
may be arranged at random, in short or long chains,
in Chinese letter patterns, as palisades or in bundles;
vibrios may be single or in 5 or spiral forms. They
may be nonmotile, sluggishly motile, actively motile
or may exhibit darting motility. They may be
without flagella, that is atrichate, or monotrichate,
|ﬂpl1ﬂ'|‘::'i::hit:, am':rhiu"l:hltt ar P:rirrichatc- The
spores, when present may be oval or EFh:ric:l or
ellipsoidal and may be of the same width or wider
than that of the bacillary body. The spores may be
equatorial, subterminal or terminal. Capsules may

OF may not be present. Hangi.ng I:IIDP preparations,
dark ground illumination, phase contrast or electron
microscopy, all help in these studies.

STAINING REACTIONS

The age of the culture is important. In older
cultures, staining characteristics either vary or are
not brought out well. Simple stains bring out the
morphology best. Differential and special stains are
necessary to bring out characreristics like flagella,
capsules, spores and metachromatic granules. The
Gram stain divides bacteria into Gram positive and
Gram negative; the Ziehl-Neelsen stain into acid
fast and non—acid fast. The fluorescent antibody
technique enables one to idennfy them according
to their surface antigens.

The study of morphology and staining
characteristics helps in preliminary identification
of the isolate.

CULTURAL CHARACTERISTIOCS

These ];ln:nrili: additional information for the
identification of the bacterium. The characteristics
revealed in different types of media are noted. While
studying colonies on solid media, the following
features are noted:

1. shape—circular, irregular, or rhizoid;

2. size in millimetres;

3. elevation—effuse, elevated, convex, concave,
umbonate or umbilicate;

margins—bevelled or otherwise;

5. surface—smooth, wavy, rough, granular,
papillate or glistening;

-
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6. edges—entire, undulate, crenated, fimbriate or
curled;

7. colour;

8. structure—opagque, translucent or transparent,

9. consistency—membranous, friable, butyrous or
viscid;

10.emulsifiability; and

11.whether they are differentiated into a central
and a peripheral portion,

In a stroke culture, note

1. the degree of growth—scanty, moderate, or
profuse;

2. their nature—discrete or confluent, filiform,
spreading or rhizoid;

3. their elevation, surface, edges, colour, structure,
odour, emulsifiability, consistency and changes
in the medium.

In a fluid medium, the d:gr:: of Eru-wtl'l,,
presence of turbidity and its nature, presence of
deposit and its character, nature of surface growth
such as pellicle and its quality and ecase of
disintegration, and odour are noted.

RESISTANCE

The resistance of the organism to heat and to
disinfectants is rested, both for vegetative and spore
torms. The resistance of 8 faecalis hear ar 60 °C
tor half an hour and of clostridial spores to boiling
tor various periods are examples. Resistance to
antibiotic and chemotherapeutic agents and
bacteriocing would also help in differentiation and
idennfication.

METABOLISEM
The requirements of oxygen, the need for carbon
dioxide, the capacity to form pigments, and the
production of hemolysis help in classification.

FerMeENTATION AN (OTHER
BiocHeMical PROPERTIES
The more important and widely used tests are
described below:
1. Sugar fermentation: This is tested in sugar

media. Acid production is shown by change in the
colour of the medium to pink or red, and the gas
produced collects in Durham's tube.

2. Litmus milk: There may be no change in
the medium, or acid or alkali may be produced;
clotting of milk, peptonisation or saponification may
occur. The clot may be disrupted by the gas
produced (stormy fermentation).

3. Indole production: This is tested in a
peptone water culture after 48 or 96 hours
incubation at 37 °C. This test demonstrates the
production of indole from tryptophane. Add
0.5 ml Kovac's reagent and shake gently. Red colour
ndicates a positive reaction. Kovacs reagent

consists of
Paradimethylaminobenzaldehyde 10 g
Amyl or isoamyl alcohol 150 ml
Concentrated HCI 50 ml

This is prepared in small quantities and stored
in the refrigerator.

4. Methyl red test (MR): This test is
employed to detect the production of acid during
the fermentation of glucose and the maintenance
of a pH below 4.5 in an old culture. Five drops of
0.04% solution of methyl red are added rto the
culture in glucose phosphate medium which had
been incubated at 30 “C for five days, mixed well
and read at once. Red colour is positive while yellow
signifies a negative test.

5. Voges—Proskauer test (VP): This test
depends on the production of acetyl
methylearbinol from pyruvic acid, as an
intermediate stage in its conversion to 2:3 butylene
ghycol. In the presence of alkali and atmosphenc
oxygen, the small amount of acetyl methyl carbinol
present in the medium is oxdised to diacetyl which
reacts with the peptone of the broth to give a red
calour.

The test is performed by adding 0.6 ml of a 5%
solution of a-naphthol in ethanol and 0.2 ml of
40% KOH to one ml of a glucose phosphate
medium culture of the organism incubated ar 30 °C
tor five days or 37 °C for 48 bours. In a positive
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reaction, a pink colour appears in 2-5 munutes,
deepening to magenta or crimson in half an hour.
In a negative reaction, it remains colourless for half
an hour. Traces of pink colouration should be
ignored.

6. Citrate utibsation: Koser's citrate medium
has citrate as the sole source of carbon. Ability 1o
use this substance is indicated by the production of
turbidity in the medium.

Indole, MR, VP and citrate tests are very useful
in the identification and classification of enteric
Gram negative bacteria. These tests are commonly
referred to by the sigla TMViC’ tests.

7. Nitrate reduction: This is tested after
growing the bacterium for five days at 37 °C in a
broth containing 1% KNO,. The test reagent
consists of a mixture of equal volumes of solutions
of sulphanilic acid and ot-naphthylamine in 57 Not
acetic acid mixed just before use. 0.1 ml of the test
reagent is added to the culture. A red colour
developing within a few minutes siginifies a
positive reaction, while absence of colour indicates
a negative reaction. This is a test for the presence
of the enzyme nitrate reductase which reduces
nitrate to nitrite.

8. Production of ammonia: To a peptone
water culture grown for five days at 37 °C, Nessler's
reagent is added. Brown colour is positive and faint
vellow colour negative.

9. Urease test: This test is done in
Christensen’s urease medium. Inoculate the slope
heavily and incubate at 37 “C. Examine after four
hours and after overnight incubation. The test
should not be considered negative till after four
days of incubation. Urease positive cultures produce
a purple pink colour. Urease producing bacteria
reduce wrea to ammonia which is responsible for
the colour.

10. Hydrogen sulphide production: Some
organisms decompose sulphur-containing
© aminoacids producing H,S among the products.
When cultured in media containing lead acetate,
they murn them black or brown. Instead of lead

acetate, ferric ammonium citrate or ferrous acetate
can be used. The organisms can be grown in
culture tubes. Between the cotton plug and the
tube insert a filter paper strip soaked in 10% lead
acetate solution and dried. Browning of the paper
indicates HLS production.

11. Methylene blue reduction: One drop
of 1% aqueous methylene blue is added to the
broth culture, and incubated ar 37 "C. Complete
decolourisation 1s strongly positive, while green
colour is weakly positive.

12. Catalase production: Place a loopful
H,O, on colonies on nutrient agar. Prompt
cffervescence indicates catalase production.
Culture media containing blood are unsuitable for
the test as blood contains catalase,

13. Oxidase reaction: This reaction is due
to a cytochrome oxidase which catalyses oxidation
of reduced cytochrome by oxygen. A 1.0-1.5%
solution of tetramethyl p-phenylene diamine
hydrochlonde is poured over the colonies, Oxidase
positive colonies become maroon, purple and black
in 10-30 minutes. The test can also be done by
Kovac's method. A strip of filter paper, soaked in
the oxidase reagent is placed in a Petri dish and the
colony to be tested is smeared on the paper in a
line about 5 mm long. In a reaction the smeared
area turns dark in 10 seconds. The solution should
be freshly prepared.

14. Egg volk reaction: Organisms producing
lecithinase (for example, Cl. perfringens) when
grown on a solid egg yolk medium, form colonies
surrounded by a zone of clearing,

15. Growth in presence of KCN: Buffered
liquid medium containing KCN in a final
concentration of about 1/13,000 is used to idennfy
some KCN rolerant enteric bacilli.

16. Composite media are being used
increasingly for the identification of isolates. These
are convenient and economical, as a single composite
medium indicates different properties of the
bacterium which otherwise would have required

the use of many separate media. A popular
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composite medium is the Triple Sugar Iron (T5I)
medium which indicates whether a bacterium
ferments glucose only, or lactose and sucrose also,
with or without gas formation, besides indicating
H,5 production as well. The medium is
distributed in tubes, with a burt and slant. After
inoculation, if the slant remains red and the butt
becomes yellow, all the sugars - glucose, lactose
and sucrose — are fermented. Bubbles in the butt
indicate gas production and blackening of the
medium shows formation of H_ 8. The TSI
medium facilitates preliminary identification of
Other tests such as fermentation of organic acids,
oxidation of gluconate, aminoacid decarboxylation,
and hydrolysis of sodium hippurate are sometimes
employed. With increasing knowledge of the
metabolic processes in the growth of various
bacteria, the number of tests too is on the increase.
Special manuals have to be consulted for the details
and utility of these tests.
Antigenic Structure: By using specific sera
we can identify organisms by agglutination or other
suitable serological reactions. Immunofluorescence
test is useful in some cases.

Bacteriophage and bacteriocin typing:
These enable intraspecies typing of some bactena.
Pathogenicity: Pathogenicity tests by
inoculation of the test organism into laboratory
animals like the guinea pig, rabbit, rat and mouse
b}r intradermal, subcutaneous, intramuscular,
intraperitoneal, intracerebral or intravenous, or by
oral or nasal spray were common procedures for
identification of isolates in the past. They are rarely
used now because simpler in vitro tests are available.

Rarip IpexTiFicaTion METHODS
While classical phenotypic characterisation of isolates
takes days, automated methods are now available
which only take hours. Identification 15 smphfied
by the detection of specific enzymes, toxins, antigens
or metabolic end products of the isolates. For
example, many obligate anaerobes can be identified
rapidly by gas liquid chromatography of the short
chain fatty acids produced by them during glucose
fermentation. Molecular methods such as polymerase
chain reaction and other amplification procedures
coupled with nucleic acid probes carrying specific
DNA or RNA base sequences are now widely used

Further Reading
Cowan 5T ed. 1978. Dictionary of Medical Tavonomy: London: Oxford Universaty Press,
Cowan 5T and KJ Steel 1965. Manual for the Identification of Medical Bacreria. London: Cambridge University Press.

Finegold 5M and EJ Baron 1986. Bailey and Scott’s Diagnostic Bacteriology:

7 edn 5t.Louis: CV Mosby.

Goodfellow M and RG Board ed. 1980. Microbiological Classification and Identificanion. London: Academic Press.
Mourray P er al. eds. 1999. Manual of Clinical Microbiology. 7 edn. Washingron: American Society for Microbiology.



Bactenal taxonomy or systemnatcs cnm]:rr'lsﬁ three

COMponents:

1. Classification, or the orderly arrangement of
units. A group of units is called a tavon (pl. taxa),
irrespective of its hierarchic level.

2. Idenntfication of an unknown with a defined and
named unit, and

3. Nomenclature, or the naming of units.

For purposes of classification, it iz necessary to
determine as many charactenistics of bacteria as
possible. Such characteristics may be weighted,
greater importance being mven to some than to
others, or they may be assigned equal importance,
depending on the method of classification. On the
COntrary, for purposecs of idcntiﬁ-’ing bacterial
isolates, it is important to devise a key using the
minimum number of important characteristics
which can be easily rested.

Bacterial classification: The first attempts
at bacterial classification (Mueller 1786;
Ehrenberg 1838) were made when little was known
about bacteria, Haeckel (1866) classified all
unicellular organisms as Protista. Cohn (1872-75)
made a morphological classification, integrating
bacteria with the blue-green algae in the class
Schizophyta. A detailed system of classification was
proposed by Migula (1894). As more informartion
became available on the physiological and
biochemical properties of bacteria, these were
employed in proposing new systems of bacterial
classification by Knight (1936), Kluyver and van
Niel (1936) and others.

Bacterial classification presents special problems.
Linnaeus (1735) divided all living beings into two

Bacterial Taxonomy

I:ingdums, Flant and amimal. Bacteria had been
placed in the plant kingdom and designated as
Schizomycetes (fission fungi). Bur as bacteria
present features common to both plants and animals,
it has been proposed that a new kingdom, Monera,
be created to accommodate all microorganisms
without true nuclei, plastids and sexual
reproduction {Stanier and van Niel 1941), This
proposal has not met with universal acceprance.
Kingdoms are divided successively into division,
class, order, family, tribe, genus and species. For

example, the full taxonomical position of the

typhoid bacillus is as follows:

Dhivision Protophyta

Class Schizomycetes
Order Eubacteriales
Faruly Enterobacteriaceae
Tribe Salmonellae
(renus Salmonella
Species Salmonella typhi

The species concept in bacteria: Species
15 the standard taxonomical unit in biology. With
higher forms of life, a species unit constitutes a
stagre of evolution, with a characteristic mnrphnlug}t,
and is delimited by the failure of interbreeding
outside the unit. But in bacteria, the species concept
is vague and ill defined. Due to the absence of fossil
remains in bactena, the evolutionary status of
species cannot be established. Morphological
differences are insufficient for the definirion of
bacterial species. The general absence of sexual
reproduction in bacteria prevents the use of
inbreeding as a test for differentiation between
species.
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In spite of these difficulties, the concept of
species provides a convenient unit in bacterial
taxonomy. Besides morphological features, criteria
uscful for the definition of bacterial species are
physiological, biochemical, antigenic and
pathogenic properties. As ‘species’ is a genetic
concept, definitive information can be obtained by
comparison of the nucleotde base ratios, which
are constant for any one species but may be different
in different species. Genetic homology can be
demonstrated by DNA hybridization between
different individuals of the same species.
Comparison of rRNA sequences helps to arrange
bacterial species into a phylogenetic tree, 165rRNA
sequencing has emerged as useful tool for
identifying many new unculturable pathogens (e.g.
Barronella henselae).

An important difference between the
classification of bacteria and that of higher
ﬁrg-mﬁsrns 15 that in the former, the Prnp:rﬁ.l:s of a
population are studied, and not of an individual. A
population derived by binary fission from a single
cell is called a clone. A single bacterial colony
represents a clone. Though all the cells in a clone
are expected to be identical in all respects, a few of
them may show differences due to mutation. A
population of bacteria derived from a particular
source, such as a patient, is called a strain.

The general absence of sexual reproduction in
bacteria serves to maintain their character constant.
But bactena possess several features that contribute
to some degree of heterogeneity in their populations.
Their short generation time and high rate of mutation
lead 1o the presence, in any population, of cells with
altered characters. Methods of genetic exchange such
as transformation, transduction and conjugation cause
differences in character. Prophage and plasmid DNA
Phylogenetic classification: There are two
approaches to bacterial classification. The
hierarchical classification represents a branching
tree like arrangement, one characteristic being
employed for division at each branch or level. This

system 15 called phylogenetic because 1t implies an
evolutionary arrangement of species. Here some
characteristics are arbitrarily given special
weightage. Depending on the charactenistic so
chosen, the classificarion would give different
patterns. For example, the intestinal Gram negative
bacilli have been traditionally classified depending
on whether they ferment lacrose or not. While this
provides a useful distinction between the pathogenic
and nonpathogenic groups of these bacilli, a
different but useful classification could be obtained
using fermentation of sucrose as the criterion.
While classification based on weighted
characteristic is a convenient method, it has the
serious drawback that the characters used may not
be valid. Fermentation of lactose, in the example
{:iEEd. :i.E not an EEEEI'.I.tiH.I Hl'lli Ptrmam::nt
charactenistic. It may be acquired or lost, upsetting
the systemn of arrangement.

Adansonian classification: The Adansonian
classification, so called after Michael Adanson who
introduced it in the eightenth century, avoids the
use of weighted characteristics. It makes no
phylogenetic assumption but merely takes into
account all the charactenistics expressed at the time
of study. Hence it 1s called a phenetic sysrem. It
gives equal weight to all measurable features, and
groups organisms on the basis of similarities of
several characteristics. The availability of computers
has extended the scope of phenetic classification
by permitting compansons of very large numbers
of properties of several organisms at the same time.
This is known as numerical taxonomy.
Molecular or genetic classification: This
15 based on the degree of genctic relatedness of
different organisms. Since all properties are
ultimately based on the genes present, this
classification is said to be the most natural or
fundamental method. DNA relatedness can be
tested by studying the nucleotide sequences of DNA
and by DNA hybndisation or recombination methods.
The nucleotide base composition and base ratio
(Adenine=Thymine:Guanine—Cytosine ratio) varies
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widely among different groups of microorganisms,
though it is constant for members of the same
species. Molecular classification has been employed
more with viruses than with bacteria,

No method of bacterial classification is
universally accepted. The method most widely
adopted 15 presented in  successive editions of
Bergeys Manual of Determinative Bacteriology.
Intraspecies classification: For diagnostic
or epidemiological purposes, it is often necessary to
subclassify bacterial species. This may be based on
biochemical properties (biotypes), antigenic features
(serotypes), bacteriophage susceptibility (phage types)
or production of bacteriocins (colicin types). A species
may be divided first into groups and then into types,
as for example, in streptococci.

Much greater discrimination in intraspecies
typing has been achieved by the application of
newer techniques from immunology, biochemistry
and genetics. Investigations of epidemiology and
pathogenesis using these techniques have been
collectively referred to as melecular epidemiology.
The methods used are of two types: phenotypic

(study of expressed characteristics) and genotypic
{direct analysiz of genes, chromosomal and

extrachromosomal DNA). Molecular phenotypic
methods include electrophoretic typing of bactenal
proteins and immunoblotting. Genotypic methods
include plasmid profile analysis, restriction
endonuclease analysiz of chromosomal DNA with
Southern blotting, PCR and nucleotide sequence
analysis. Some of these techniques are considered
in the chapter Bacterial Genetics.

NOMENCLATURE
The need for applying generally accepted names

for bacterial species 1s self-evident. Chaos will result
if the same bacterium is referred to by different names
by different workers. International agreement on
bacterial nomenclature is ensured by the Code of
MNomenclature which has the authority of the
International Association of Microbiological Societies.

Two kinds of names are given to bactena. The
first is the casual or common nanve which varies from
country to country and is in the local language. Names
such as ‘typhoid bacillus’ and ‘gonococcus’ are casual
names. Such names are useful for communication at
the local level. The second is the scientific or
nternational name which is the same throughout the
world. The scientific name consists usually of two
waords, the first being the name of the genus and the
second the specific epithet (for example Bacillus
subilis). The generic name is usually a Latin noun.
The specific epithet is an adjective or noun and
indicates some property of the species (for example
albus, meaning white), the animal in which it is
found (for example suis, means pig), the disease it
causes (terani, of tetanus), the person who
discovered it (welchii, after Welch) or the place of
its 1solation (Jonden). The generic name always
begins with a capital letter and the specific epithet
with a small letter, even if it refers to a person or
place (for example Salmonella london).

Tyre CULTURES

As a point of reference, type cultures of bacteria are
maintained in international reference laboratories, The
type cultures contain representatives of all established
species. The original cultures of any new species
described are deposited in type collections. They are
made available by the reference laboratories o other
workers for study and comparison.

Further Reading

Cowan ST ed. 1978. Dictionary of Medical Taxonomy. London: Oxford University Press.
Cowan ST and KJ Steel 1965. Manual for the Identificarion of Medical Bacteria London: Cambridge University Press.

Finegold SM and EJ Baron 1986. Bailey and Scort's Diagnostic Bacteriology
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Coodfellow M and RG Board ed. 1980, M,

. 7 edn. St Louis: CV. Moshy.

Murray P et al, eds. 1999, Manual of Clinscal Microbiology. 7 edn. Washingron: American Society for Microbiology.



Genetics, a name coined by the British biologist
William Bateson in 1906, is the study of heredity
and vanation, seeking to understand the causes of
the resemblances and differences between parents
and their progeny. Like other organisms, bacteria
also breed true and maintain their characteristics
from generation to generation, yet at the same time,
exhibit vanations in particular properties in a small
proportion of their progeny. Though heritability
and variation in bacteria had been noticed from
the early days of bacteriology, it was not realised
then that bacteria too obey the laws of genetics.

Fig. 8.1 DNA double helix

H Bacterial Genetics

Even the existence of a bacterial nucleus was a
subject of controversy. The differences in
morphology and other properties were attribured
by Nageli (1877) to bacterial pleomorphism, which
postulated the existence of a single, or perhaps a
few species of bacteria, which pm5:s-5:d a protean
capacity for variation. With the development and
application of precise methods of pure culture, it
became apparent that different types of bacteria
retained constant form and function through
SUCCEEEIVE gtn:r:aﬁﬂns- This led to the concept of
monomorphism, proposed by Cohn and Koch,
which admitted of little potential for variation and
separated bactenia into species based upon single
character differences.

It was only since the 1940s that principles of
genetics were applied to bacteria and their viruses.
This has led not merely to a better understanding
of the genetic processes but also to fundamental
advances bicﬂng:r' and hiud‘ﬂ:miﬁ'h}r and to the
birth of 2 new branch of science, molecular biulug_',r.

PrimcirLES oF MOLECULAR
BioLoGy

EEYAL

The ‘central dogma’ of molecular biology is that
deoxyribonucleic acid (IDNA) carries genetic
information, which is transcribed onto ribonucleic
acid (RMA) and then translated as the pmticular
polypeptide (DNA — RNA = polypeptide). As
the nature and functions of a cell are basically
determined by the specific polypeptides that
constitute 1ts proteins and ENZYMES, it is evident
that the essential material of heredity is DNA
which is the storehouse of all information for
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protein synthesis. (An exception exists in the case
of some viruses in which the genetic matenal 1s
RNA instead of DNA.)

The DNA molecule 1s cumpuﬁ:d of two chains
of nucleotides wound together in the form of a
‘double helix’ (Fig. 8.1). Each chain has a backbone
of deoxyribose and phosphate residues arranged
alternately. Attached to each deoxyribose is one of
four nitrogenous bases, the purines, adenine (A)
and guanine (G), and the pyrimidines, thymine (T)
and cytosine (C). The double-stranded nature of
the molecule is stabilised by hydrogen bonding
between the bases on the opposite strands in such
a manner that adenine is always linked to thymine,
and guanine to cytosine (Fig. 8.2).

Adenine and thymine thus form a
complementary base pair, and ine and cytosine
form another, A molecule of DNA will, therefore,
contain as many units of adenine as thymine, and
of guanine as cytosine but the ratio of each pair of
bases (A + T) /G + C), though constant for each
species, vanes widely from one bacterial species to
another, The DNA molecule replicates by first

unwinding at one end to form a fork, each strand
of the fork acting as a template for the synthesis of
a complementary strand, with which it then forms
a double helix.

Basically, RNA is structurally similar to DNA,
except for two major differences. It contains the
sugar ribose (instead of deoxyribose which is
present in DNA) and the base uracil (instead of
thymine which is present in DNA). Three distinct
types of RNA can be distin on the basis of
structure and function: messenger RNA (mRNA),
ribosomal RNA (rRNA) and transfer RNA
(tRNA). DNA acts as the template for the synthesis
of mRNA and, therefore, the bases in the two will
be complementary to each other. Adenine, guanine,
cytosine and wuracil in mRNA will be
complementary to thymine, cytosine, guanine and
adenine, respectively, in the DNA.

Genetic information is stored in the DNA as a
code, the unit of the code consisting of a sequence
of three bases, that is, the code is triplet. Each triplet
(codon) transcribed on mRNA specifies for a single
aminoacid but the code is ‘degenerate’ so that more

|—B AC KBGNb——l I_ SIDE EHAIN—' fl:n:.

DEOXYRIBOSE — ADENINE* *THYMINE— DEDH‘I"RII?{JSE
PHOSPHATE PHOSPHATE
\ /
DEOXYRIBOSE GUANINE+ — *CYTOSINE— DEDKYRII?:EISE
PHOSPHATE PHOSPFHATE
/
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elc.
ONE STRAND

DOUBLE-STRANDED DNA

Fig. 8.2 A segment of double stranded DNA illustrating its chemical structure
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than one codon may exist for the same aminoacid.
Thus, the triplet AGA codes for arginine but the
triplets AGG, CGU, CGC, CGA and CGG also
code for the same aminoacid. The code iz non-
overlapping, each triplet being a distinct entity, and
no base in one codon is employed as part of the
message of an adjacent codon. Three codons (UAA,
UAG and UGA) do not code for any aminoacid
and are called ‘nonsense codons’. They act as
punctuation marks (stop codons) terminating the
message for the synthesis of a polypeptide.

A segment of DNA carrying codons specifying
for a particular polypeptide is called a gene. A DNA
molecule consists of a large number of genes, each
of which contains hundreds of thousands of
nucleotides. The bacterial chromosome consists of
a double-stranded molecule of DNA arranged in a
circular form. When straightened, it is abour 1,000
um in length. The length of DNA is usually
expressed as kilobases (1 kb = 1,000 base pairs).
Bactenial DNA is about 4,000 kb and the human
genome about 3 million kb long.

In higher forms of life, several stretches of DNA
that do not appear to function as codons occur
between the coding sequences of genes. These
apparently useless noncoding intrusions are called
introns, while the stretches of coded genes are
called exons. Durning transcription, the genome is
copied in its entirety, both introns and exons. The
introns are then excised from the RNA copy before
being translated by the ribosomes into proteins.

EXTRACHROMOSOMAL GENETIC

ELeEMENTS

In addition to chromosomal DNA, most bactena
possess extrachromosomal genetic elements. These
are not essential for the normal life and functioning
of the host bacterium but may confer on it
properties such as drug resistance and toxigenicity
leading to survival advantage under appropriate
conditions. Plasmids are circular DNA molecules
present in the cytoplasm of bacteria, capable of

autonomous replication (independent replicons). By

their ability to transfer genes from one cell to
another, plasmids have become important vectors
in genetic engineenng. Plasmids may also be seen
in yeasts, which are eukaryotes. Plasmid DNA
sometimes may be integrated with chromosomal
DNA. The name episome was employed for such
integrated. forms, though this distinction is not
usually made now.

Plasmids have been classified in many ways,
depending on whether they are self-transmissible
or nontransmissible [nanmnjugating]l, on the
property encoded (sex, drug resistance, etc.), by
restriction endonuclease fingerprinting or other
criteria. An important method of plasmid
classification s by incompatibility typing. Closely
related plasmids do not coexist stably in the same
bacterial cell, while unrelated plasmids can. On this
basis, plasmids have been classified into different
incompatibility groups. They have also been
classified based on the types of conjugation tube
induced, which determine the susceptibility of the
host bacterium to lysis by some virulent
bmdﬂphﬂ.gﬂﬁ-

GENOTYPIC AND PHENOTYPIC
VARIATIONS

The sum total of the genes that make up the genetic
apparatus of a cell (genome) establishes its genotype,
which is the hereditary constitution of the cell that
15 transmitted to its progeny. The genotype includes
the complete genetic potential of the cell, all of
which may or may not be expressed in a given
environmental situation.

The phenotype {phaeno meaning display) is the
physical expression of the genotype in a given
environment. It follows, therefore, that a cell may
exhibit different phenotypic appearances in different
situations; for example, the typhoid bacillus is
normally flagellated but when grown in phenol agar,
the flagella are not synthesised. This is only a
phenotypic vaniation determined by the environment
and is reversed when subcultured from phenol agar
into broth. Another example of environmental
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influence s the synthesis by E. coli of the enzyme
beta-galactosidase, necessary for lactose
fermentation. The bacillus possesses the genetic
information for the synthesis of the enzyme but
the actual synthesis takes place only when it is
grown in a medium containing lactose. When
grown in a medium containing glucose only, the
enzyme is not synthesised. Such enzymes which
are synthesised only when induced by the substrate
are called induced enzymes, as opposed to
constitutive enzymes, which are synthesised
irrespective of the presence or absence of the
substrate.

Phenotypic variations are influenced by the
environment, mited in range by the genotype,
ttmpﬂmr}f ﬂl'l.d not h':‘l'i.':lh]t. lR'rﬂ.'l'i.E.IZIH::II'.Iii dIE !il:l;ld o
be genotypic when they are due to alterations in
the genome. Genotypic variations are stable,
herttable and not influenced by the environment.
They may occur by mutation or by one of the
mechanisms of genetic transfer or exchange, such
as transformation, transducnion, lysogenic

EIZJ!I'l‘n'I:!I'Si.l'_'II'l I.Tld I_'Ull_'iugi:l.[llﬂl'l..

MurarTion

Mutation 15 a random, undirected, henitable vanation
caused by an alteration in the nucleotide sequence
at some point of the DNA of the cell. It may be
due to addition, deletion or substitunon of one or
more bases (point mutaton). Multiple mutations
cause extensive chromosomal rearrangements. A
missense mutation 1s one in which the wiplet code
is altered so as to specify an aminoacid different
trom that normally located at a particular position
in the protein. Deletion of a nucleotide within a
gene may cause premature polypeptide chain
termination h} gcn:mring a nonsense codon, Le.,
nonsense mutation. Transversion is substitution of
a punne for a pyramidine and vice versa in base
pairing. Suppressor mutation is reversal of 2 mutant
" phenotype by another mutation at a position on
the DINA disninct from that of the onginal mutation.

..'Hl.u FETILS art !-ilJSL"I:l]tiblf #] I'I'lutl:ltllli.'l-]"ll:ll EVENLDs l|.':lLl|.

nof®all mutations are ﬂ:l‘l-ﬂ:!i!itl'j. Some mutations
involve vital functions, and such mutants are
nonviable {lethal muration). A type of lethal
mutation which is of grear inrerest is ‘conditional
mutation’. A conditional lethal mutant may be able
to live under certain conditions (permissive
conditions). The commonest type of conditional
mutant is the temperature sensitive (fs) mutant,
which 15 able to live at the permissive temperature
(say, 35 °C), but not at the restrictive temperature
(say, 39 “C).

Each gene undergoes mutation with a fixed
frequency. Mutation rates of individual genes in
bactena range from 107 to 107 per bacterium per
division. The molecular mechanism of mutation is
that during DNA replication, some ‘error’ creeps
in while the progeny strands are copied. For
instance, instead of thymine bonding with adenine,
it may, due to tautomerism, sometimes bond with
guaning, Though mutation occurs spontaneously,
its frequency can be increased by several agents
(muragens) such as UV rays, alkylating agents,
acridine dyes, 5-bromouracil and 2-aminopurine.

Mutation is a natural event, taking place all the
time at its particular frequency in all the dividing
forms of life. Most mutants, however, go
unrecognised as the mutation may be lethal or may
affect some minor function that may not be
expressed. Muration is best appreciated when it
II]'I."Fﬂl.'\"C‘S d E.II'I.EDl.ﬂI'.I W]'IIIC]"I. Cin bﬂ I"I':ﬂ.lil'u}" me:ﬂu
For example, an E. coli mutant that loses its ability
o FETIT.IETIT lﬂ.ETDE-E CAan bC‘ I'I:E.I'.i:ll].}" dl:tf'i.'t:d on
MacConkey agar but is unrecognisable on nutnient
agar. Mutation is of vital importance when ir
confers a survival advantage. If a streptomycin
resistant mutant of the tubercle bacillus develops
in a patient under treatment with the drog, it
multiplies selectively and ultimately replaces the
oryginal drug sensitive population of bacteria. But
in a patient who is not on treatment, the mutation
confers no survival advantage and, therefore,
preferential multiplication of the mutant does not
occur. Such changes in the character of bacterial
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populations, observed in the presence of a selective
En'ﬁ'ifﬂnmﬂﬂt: WWCrc furm:rl}r Eﬂﬂﬁ-idtrﬂd tis 1'“:
‘adaptations’. By a post hoc, ergo propter hoc
I'Eﬂﬁﬂl'.l.i.l'.lg.l thl:' I:I'I.Tp'irurlml:nt H.I'I.d 1.']1': vm‘iaﬁun WETC
believed to have a cause-and-effect relationship.
Such induced vanations were considered henitable
in the Lamarckian sense. It was the demolition of
this concept of adaptation in the 1940s that
established bacterial genetics on a firm scientific
basis.

The proof that bacteria undergo spontaneous
mutation ind:prndtnt of the environment was first
prnvid:d h}' Luna and Delbruck (1943) b].r the
‘fluctuation test’. They found that very wide
fluctuations occurred in the numbers of
bacteriophage resistant E. coli colonies when
samples were plated from several separate small
volume cultures, as compared to samples tested from
a single large volume culture. Statistically, this
indicated that mutations occurred randomly in the
separate small volume cultures, some early and some
late, resulting in the wide fluctuation. In the large
volume cultures, fluctuations were within limits of
sampling error. However, the logic of this
experiment was not widely appreciated by
micmhiulug'lm, prubﬂbl}r due to the cumpl'u:at:d
statistical interpretation. It was the simple but
elegant ‘replica-plating” technique of Lederberg and
Lederberg (1952) that proved the point beyond doubt.
Using a velvet template, they were able to transter
inocula from colonies on a master plate, onto a number
of other plates, retaining the relative positions of the
colonies in all the plates. By such replica-plating on
culture plates with and without bacteriophages, they
were able to show that bacteriophage resistant mutants
appeared without the bacteria ever having had contact
with a selective agent.

Mutation may affect any gene and hence may
modify any characteristic of the bacterium. Mutants
may vary in properties such as nutritional
requirements, biochemical reaction, antigenic
structure, morphological features, colony form, drug
EuEEEFtibiliTj’. 'H'iI'“IETIEE' ﬂl‘ld ].'IUET rlng‘t. T].'":

practical importance of bacterial muration lies
maini}r in the field of dmg resistance and the

development of live vaccines.

TRANSMISSION OF GENETIC
MaTeErIAL (GENE TRANSFER)
Transformation: Transformation 1s the transfer
of genetic information through the agency of free
DNA. It was the first E:tmplc nl'-gcncﬁu: -txd'l:.nE':
in bacteria to have been discovered. Griffith in 1928
found that mice died when injected with a mixture
ﬂf ﬁ"ﬂ": nunl:al:lﬂllitnd ER} Pnﬂ.lmlxm:c't ﬂl'.ld htﬂt
killed capsulated (5} pneumococci, neither of
which separately proved fatal. If in the experiment,
the live (R) pneumococci were derived from
capsular type 11 and the killed (S) strain from type
I11, from blood cultures of the mice that had died,
live type 111 capsulated pneumococcus could be
1solated, showing that some factor in the hear killed
type 11l pneumococcus had transferred the
information for capsule synthesis to the live rough
strain. Such transformation was subsequently
demonstrated in vitro also. The nature of the
transforming principle was identified as DNA by

Avery, Macleod and MeCarry in 1944,

Transduction: The wansfer of a portion of the
DNA from one bacterium to another by, a
bacteriophage is known as transduction.
Bacteriophages are viruses that parasitise bacteria
and consist of a nucleic acid core and a protein
coat. Dunng the assembly of bacteniophage progeny
inside infected bacteria, ‘packaging errors’ may occur
occasionally. A phage particle may have at its core,
besides its own nucleic acid, a segment of the host
DNA. When this particle infects another bacterium,
DNA rransfer is effected and the recipient cell
acquires new characteristics coded by the donor
DNA. Transduction may be ‘generalised’, when it
iﬂ'ﬂ'ﬂl‘!’tﬁ H.l'.l.}' E-CFHCT“: Uftl'.l.l: dunl::r DH.I‘*L at rlnl:lr_'lm,
or it may be ‘restricted’, when a specific
bacteriophage transduces only a particular genetic
trait. Restricted transduction has been studied
intensively in the ‘lambda’ phage of E. coli. The
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prophage lambda is inserted in the bacterial
chmmnﬁumc ﬂn]:r' h:m’:‘:ﬂ T]'I.E g'I:TI.CE {l.EI'C!TI'IiI'I..H'Ig
galacrose utilisation (gal) and biotin synthesis (hio)
and therefore it transduces only either of these.

Transduction is not confined to transfer of
chromosomal IDNA. Episomes and plasmids may
also be transduced. The F'.Hﬁmi.d.‘i d:r:rmining
penicillin resistance in staphylococci are transferred
from cell to cell by transduction.

Transduction appears to be the most widespread
mechanism of gene transter among prokarvotes and
provides an excellent tool for the genetic mapping
of bacteria. Any group of bacreria for which
bacteriophages exist can be subject to rransduction.
It ]'I.E.E bl:l:['.l Tﬂ."].'l'l:}!'tﬂd tl'.I:It tfﬂnﬁdLLETil'.lﬂ may
occasionally be effected in eukaryotic cells also.
Transduction has been proposed as a method of
genetic engineering in the treatment of some inborn
errors of metabolism.

Lysogenic conversion: Bacteriophages
exhibit two types of lifecyele. In the virnlent or Iyric
cycle, large numbers of progeny phages are built
up inside the host bacterium, which ruptures to
release them. In the temperare or nonlytic cyele,
the host bacterium is unharmed. The phage DNA
becomes integrated with the bactenal chromosome
as the prophage, which multiplies synchronously
with the host DNA and is rransferred to the
daughter cells. This process is called lysogeny and
bacteria harbouring prophages are called lysogenic
bactena. Lysogeny is extremely frequent in nature.

In lysogenic bacteria, the prophage behaves as
an additional segment of the bacterial chromosome,
i.‘ud'm[.; for new characteristics, This process h}r
which the prophage DNA confers genetic
information to a bacterium is called Jysogenic or
phage conversion. In transduction, the phage acts
only as a vehicle carmang bacterial genes from one
cell to another but in lysogenic conversion the
phage [XNA itself is the new genetic element.
Lysogenic conversion influences susceptibility to
|.'ri1|:t|::r'1{:|:|]'|.ug::ﬁ [immunit}r to ﬁupl:rinﬁ:r.:riﬂn with

the same or related phng:ﬁ] and antigenic
chiracteristics, Of great medical importance is the
lysogenic conversion in diphtheria bacilli, which
acquire toxigenicity {and therefore virulence) by
lysogenisation with the phage beta. Elminanion of
the phage from a toxigenic strain renders it

nnn'ruxig:ni:n:.

Conjugation: Conjugation is the process
whereby a ‘male’ or ‘donor’ bacterium ‘mares’ or
makes physical contact with a “female’ or ‘recipient’
bacterium and transfers genetic elements into it
This has been considered to be the bacterial
equivalent of sexual mating in higher organisms
bur rthe analogy is irrelevant as, following
conjugation, the female bacterium 15 in turn
converted into a male celll Bacterial conjugation
was first described by Lederberg and Tatum (1946)
in a strain of E. coli called K12 and has been most
extensively studied in this strain.

Conjugation takes place berween a male cell and
a female cell. The maleness or donor stamus of a
cell is determined by the presence in it of a plasmid
which codes for ‘.iFI:EiE.l:iEitd fimbria (sex Fi'fus::l
WI'.Ii.I:I'.I. FTI'_'IjCEtE FIT.IIT[ ﬂ.'l: E-LlI'FJ.ElI: ﬂf thl: I:El].. Thl:
plasmid DNA replicates and a copy of it passes
from the donor to the recipienr cell, probably along
the sex pilus (conjugation tube). As a result, the
recipient attains donor status and can in turn
conjugate with other female cells, The maleness in
bacteria is thus a transmissible or ‘infections’
characteristic. Along with the plasmid DNA,
porticns of the host DNA also are sometimes
transferred to the r::-;:i}':'l:nr. The donor DINA then
combines with the DNA of the recipient, effecting
genetic recombination. It was in E. colt K12 that
the role of plasmids in conjugation was first
recognised. The plasmid responsible was termed
the “sex factor' or ‘fertility (F) factor’. When other
similar plasmids were also discovered, the term
‘transfer factor’ came to be used for all such plasmids
which conferred on their host cells the ability to
act as donors in conjugation.
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The F factor: The F factor is a transfer factor
that contains the genetic information necessary for
the synthesis of the sex pilus and for self-transfer
but 15 devoid of other identifiable genetic markers
such as drug resistance, Cells carrying the F factor
(F" cells) have no distinguishing features other than
their ability to mate with F~ cells and render them
F*. The F factor is actually an episome and has the
ability to exist in some cells in the ‘integrated state’
or inserted into the host chromosome. Such cells
are able to transfer chromosomal genes to recipient
cells with high frequency and are known as Hfr
cells. Following conjugation with an Hfr cell, an
F~ only rarely becomes F°, though it receives
chromosomal genes from the donor.

This conversion of an F” cell into the Hfr state
15 reversible, When the F factor reverts from the
integrated state to the free state, it may sometimes
carry with it some chromosomal genes from near
its site of attachment. Such an F factor
incorporating some chromosomal genes is called
an F prime (F) factor. When an F' cell mates with
a recipient, it transfers, along with the F factor, the
host genes incorporated with it. This process of
transfer of host genes through the F' factor

resembles transduction and has therefore been
called sexducrion (Fig. 8.3).

Cohcinogenie {Caol) factor: Several strains
of coliform bacteria produce colicing — antibiotic-
like substances which are specifically and selectively
lethal to other enterobacteria. As similar substances
are produced by bacteria other than coliforms also
(pyocin by Pseudomonas pyocyanea, diphthericin
by Corynebacterium diphtheriae), the name
bacteriocin has been Eiw:n to this group of
substances. The specificity of action of bacteriocins
enables intraspecies classification of certain bacteria
(for example, Shigella sonnei, Ps. aeruginosa).
Colicin production is determined by a plasmid
called the Col factor, which resembles the F factor
in promoting conjugation, leading to self-transfer
and, at times, transfer of chromosomal segments.

Resistance transfer factor (RTF): This
plasmid is of great medical importance as it leads
to the spread of multiple drug resistance among
bacteria.

This extrachromosomal mechanism of drug
resistance was first reported by Japanese workers
{1959) inwﬂigating the sudden increase in
infections caused by the Shigella strains, resistant
simultaneously to sulphonamides, streptomycin,
chloramphenicol and tetracycline. They observed
that patients excreting such Shigella strains also
shed in their feces E. coli strains resistant to the
same drugs. Transfer of multiple drug resistance
was demonstrated between E. coli and Shigella
strains both in vitro and in vivo. The resistance is
plasmid mediated and is transferred by conjugation.
This mechanism of drug resistance is known as
transferable, episomal or infectious drug resistance.

This plasmid consists of two components — the
transfer factor called the resistance transfer factor
(RTF) which is responsible for conjugational
transfer, and a resistance detrerminant (r) for each
of the several drugs. The whole plasmid (RTF + ¢
determinants) is known as the R factor. An R factor
can have several r determinants, and resistance to
as many as eight or more drugs can be transferred
simultaneously (Fig. 8.4). Sometimes the RTF may
dissociate from the r determinants, the two
components existing as separate plasmids. In such
cases, though the host cell remains drug resistant,
the resistance is not transferable, The RTF can have
attached to it determinants other than those for
drug resistance. Enterotoxin and hemolysin
production in some enteropathogenic E. coli are
transmitted by this transfer factor.

Transferable drug resistance is seen widely in
various pathogenic and commensal bacteria of man
and animals, such as Enterobacteriaceae, Vibrio,
Pseudomonas, Pasteurelfa. The transfer can be
effected readily in vitro but in the normal gut, it is
inhibited by several factors such as anaerobic
conditions, bile salts, alkaline pH and the abundance
of anaerobic Gram positive bacteria minimising the
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Fig. 8.3 Sexduction. The integrated F factor
some host genes may be incorporated in the |/
is transferred to the recipient.

chances of contact between donor cells and suitable
recipient cells. But in the intestines of persons on
oral antibiotic therapy, transfer occurs readily due
to the destruction of the sensitive normal flora and
the selection pressure produced by the drug.

Transferable drug resistance is now universal
in distribution and involves all antibiotics in
common use. Its incidence is directly proportional
to the frequency of use of antibiotics in the area.
Bacteria carrying R factors can be transmitted from
animals to man. Hence indiscriminate use of
antibiotics in veterinary practice or in ammal feeds
can also lead to an increase of multiplc druE
resistance in the community. The addition of
antibiotics in animal feeds has for this reason been
prohibited by legislation in some countries.
Widespread resistance has considerably diminished
the clinical efficacy of most antibiotics.
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Bacteria may acquire drug resistance by mutation
or by one ot the methods of genetic transfer. The
biochemical mechanisms of resistance may be
several, includi ng decreased pern tr::lhi]'ﬂ'jl.' tey the dm;_r',
development of alternative metabolic pathways, and

production of enzymes inactivating the drugs.

Mutational resistance is mainly of two types:
(1) the stepwise mutation, as scen with penicillin,
where high levels of resistance are achieved only
by a series of small-step mutations; and (2) the
‘one-step’ mutation, as seen with streptomycin,
where the mutants differ widely in the degree of
resistance, some exhibiting low resistance, while
others may be highly resistant, and some even
streptomycin dependent.
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In clinical practice, mutational resistance is of
great importance in tuberculosis. If a patient is
treated with streptomycin alone, initially the bacilli
die in large numbers but soon resistant mutants
appear and multiply unchecked. If two or more
antituberculous drugs are used for combined
treatment, repopulation by resistant mutants does
not occur, s 4 mutant resistant to one drug will be
destroyed by the other drug. The possibility of a
mutant exhibiting resistance to mulniple drugs
simultaneously is so remote as to be virtually
nonexistent. [his is the rationale behind combined
treatment in tuberculosis. However, mspite of this
I{ﬂnw]cdgc, in:lrlnqu:m: Or Inappropriate treatment
over the years has caused extensive resistance in
tubercle bacilli, leading to a pandemic of multidrug
resistant tuberculosis (MDR TB) across the world.

Resistance transfer by transformation can be
demonstrated experimentally but its significance in
nature s not known. Acquisition of resistance by
transduction is common in staphylococci. The
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penicillinase plasmids, which are transmitted by
transduction, may also carry determinants for
resistance to mercuric chloride and erythromycin.

Transferable drug resistance mediated by the R
factor is the most important method of drug
resistance. Acquisition of an R factor simultaneously
confers resistance to several drugs and therefore
treatment with a combination of drugs is not useful,
The resistance is due to the production of degrading
I:Tl‘I}"I'I'.It:'S, :II'I.IEI tI'.It |.I:\"€'1 IJI'- TESIStANCe II5- 'I.I.!-il.'lﬂll}' ]'lllgl'l
Resistance may be transferred between bacteria of
different taxonomic groups. YWhile resistant mutants
usually have a lower growth rare and reduced
virulence as cumpa.r:d to the wild strains, bacteria
carrying R factors are apparently normal in other
respects. R factors in some cases may cven lead to
enhanced virulence, Multiple drug resistance was
initially seen in bacteria causing diarrhea and such
other mild infections that did not call tor antibiotic
treatment as a routine. Bur subsequently ir has
spread to virtually all pathogenic bactena affecting
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s transfer to a sensitive B bacterum converts the recipients into a resistant R cell
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humans and animals, making antibiotic therapy of
infections ineffective,

In the laboratory, R factors may sometimes be
eliminated by treating bacteria with acridine dyes
or ethidium brormide. But in the community, the
only way to prevent widespread dissemination of
multiple resistance is to restrict the use of antibiotics
to the essential minimum.

TransPosABLE GENETIC ELEMENTS

Certain structurally and genetically discrete
segments of DNA have been identified that have
the ability to move around in a "cut-and-paste’

manner between chromosomal and extrachro-
mosomal DNA molecules within cells. These DNA
molecules are called transposons (‘lumping genes’)
and this mode of genetic transfer, transposition. The
carliest of such mobile genes was discovered by
Barbara McClintock in plants duning work in the
1940s and 50s, for which she was awarded the
Nobel Prize for Medicine in 1983. A transposon is
a segment of DNA with one or more genes in the
centre, and the two ends carrying ‘inverted repeat’
sequences of nucleotides—nucleotide sequences
complementary to each other but in the reverse
order. Because of this feature, each strand of the
transposon can form a single-stranded loop carrying
the gene, and a double-stranded stem formed by
hydrogen bonding between the terminal inverted
repeat sequences (Fig. 8.5). Small transposons
(1-2 kb) are known as ‘insertion sequences’ or 15.

Transposons attach at certain regions of
chromosomal, plasmid or phage DNA. Insertion
of a transposon leads to the acqusition of new
characteristics by the recipient DNA molecule.
Unlike plasmids, transposons are not self replicating
and depend on chromosomal or plasmid DNA for
rephication,

By transposition, a segment of the DNA can be
transferred from a molecule to another molecule
that has no genetic homology with either the
transposable element or with the donor DNA. In
this it differs from recombination. As sizeable
chunks of DNA are added by transposition, the
recipient molecule becomes heavier.

Characteristics transferred by transposons may
environmental conditions. It has been suggested that
the resistance-determinant segments of the R factors
may have evolved as collections of transposons, each
carrying a gene that confers resistance to one or several
antibiotics.

Transposition is a mechanism for amplifying
genetic transfers in nature and has been identfied
in microorganisms, plants and animals. Transposons
appear to accomplish in nature, gene manipulations
similar to the laboratory manipulations that have
been called ‘genetic engineering’.

MOLECULAR GENETICS
Discoveries in microbial genetics have provided the
basis for the discipline of molecular genetics, which

Table 8.1 Comparison of mutational and transterable drug resistance

Murational drug resistance

Transferable resistance

One drug resistance at a time
Low degree resistance

Can overcome by high drug dose
Diug combinations can prevent
Resistunce does not spread
Mutants may be defective
Vimulence may be low

Multiple drug resistance

High degree resistance

High dose ineffective
Combinations cannot prevent
Spreads to same or different species
Mot defective

Virulence not decreased
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1s concerned with the analysis and manipulation of
DNA using biochemical and microbiological
techniques. It has been stated that these techniques
have revolutionised the study of biology and
medicine, probably more than any technique since
the development of the light microscopes. Some
techniques and applications of molecular genetics
are discussed below.

Genetic engineering: The most important
application of molecular genetics in biotechnology
is genetic engineering or recombinant DNA
(rDNA) technology. This consists of isolation of
the genes coding for any desired protein from
microorgamsms or trom cells of higher forms of
li.j-l'.' IH'I.‘I.'l.|.Il'j.i.l.'.|g I'ILI.I:I'I.H.I'I ht'i.[]ﬁ[:'i-l H.I'Id ti]ﬂ."i.l' i.l'.l'l'.l.'l'HJ'..I'..'t;H"l'l
into suitable microorganisms, in which the genes
would be functional, directing the production of
the specific protein. Such cloning of genes in
microorganisms enables the preparation of the

desired protein in pure form, in large quantities
and at a reasonable cost.

Different strategies have been employed for
obtaining the desired genes. For very small proteins,
such as the pimirtary hormone somatostatin whose
complete aminoacid sequences are known, the genes
can be synthesised in the laboratory. With larger
proteins, this 1s not possible. The DNA can be
cleaved by specific enzymes called restriction
endonucleases and the fragments containing the
desired genes isolated. This does not work with
DNA of higher organisms as they contain introns.
In such cases, the messenger RNA concerned can
be isolared from cells producing the desired protein.
..dl. DHJ"L 'L"I]‘P}' IIF- I'I'.Iﬂdﬂ fmm tht mﬂ”."l. 'I.I.!'ii'l'lE rht
enzyme reverse transcriptase. The double-stranded
DNA gene is then prepared using DNA polymerase.
This is incorporated into suitable vectors or carriers,
such as plasmids or temperate bacteriophages, for
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insertion into microorganisms. The microorganism
commonly employed is E. coli K12, though many
other bacteria and veasts have also been used.

Genetic engineering has become an established
branch of biotechnology with great scope for
commercial exploitation. Cloned human insulin,
interferons, somatostatin, growth hormones and
many other biologicals have already been marketed.
Safer vaccines can be produced by cloning the
protective antigens of pathogens, as has already been
done, as in the case of foot and mouth disease, and
hepatitis B and rabies viruses. This versatile
technigque has many extramedical applications alse.
Restriction endonuecleases: {restriction
enzymes) are microbial enzymes which eleave
double-stranded DNA at specific oligonucleotide
sequences. Many such enzymes which act at
different nucleotide sequences (for example, Eco
Rl, Hind 111, Tag I) have been recognised. The
natural function of restriction enzymes in bacteria
may be the destruction of foreign DNA that may
enter the bacterial cell.

Restriction enzymes split DNA strands into
fragments of varying lengths, These can be
separated by gel electrophoresis and stained with
ethydivm bromide and photographed.

IINA probes: The specificity of the interaction
in base pairing during DNA or RNA synthesis
enables the production of specific DNA probes.
These are radioactive, biotinylated or otherwise
labelled copies of cloned single-stranded DDNA
fragments, usually 20=25 nucleotides long and
containing unique nucleotide sequences which can
be used for the derection of homologous DINA by
hybridisation. DNA probes are being used
increasingly in the diagnosis of infectious diseases.
Probes containing sequences unique to the microbe
(strain, species or group) to be detected can be added
to microbial cultures, body Huids, tissues or other
materials suspected to contain the microbe or its
DMNA. The DNA probe hybridises with the
complemnentary specific sequences on the microbe’s
DNA. The advantages of DINA probes for diagnosis

are their high degree of specificity, ability to detect
minute quaniities of complementary DNA even in
the presence of other microbes, and the capacity to
recognise microbes that are either difficult or
impossible to culture. DNA probes for the detection
of many pathogens are now commercially available.
Blothng techmigues: DNA fragments obtained
by restriction enzyme digestion and separation on
gel can be transferred from the gel by blotting to
nitrocellulose or nylon membranes that bind the
DNA. The DNA bound to the membrane is
denatured {converted to the single-stranded form)
and treated with radioactive single-stranded DNA
probes. These will hybridise with homologous
DNA to form radicactive double-stranded SegTents,
which can be detected on X-ray film. This highly
sensitive technique for identifying DNA fragments
by DNA : DNA hybndisation is called Southern
blotting, after EM Southern who devised it. This
technique has very wide application in DNA
analysis.

An analogous procedure for the analysis of
RNA has been called northern blotting (as opposed
to southern blotting!). Here the RNA mixture is
separated by gel electrophoresis, blotted and
identified using lubelled DNA or RNA probes.

A similar technique for the identification of
proteins (antigens) is called immunoblotting (or,
in conformity with other blotting techniques,
western blotting). Here the protein antigen mixture
is separated by SDS-PAGE (sodium dodecyl
mlfat:—pul}'lﬂ}'hmid: gd dﬂ.‘tmp]'l.ﬂrl:si.ﬂ, blotted
on to nitrocellulose strips and identified by
radiolabelled or enzyme-labelled antibodies as
probes. The western blot test has recerved wide
publicity as the confirmatory test for the diagnosis
of HIV antibody in sera. The specificity of the test
depends on its ability to separately identify
antibodies directed against different antigens of the
pathogen (for example, against the surface, core
and reverse transcriptase antigens of HIV).
Polvmerase chain reaction (PCR): This
is a rapid automated method for the amplification
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of specific DNA sequences (or genes), invented by

Kary B Mullis in 1983, for which he won the Nobel

Prize in Chemistry in 1993, PCR consists of several

cycles of sequential DNA replication where the

products of the first cycle become the template for
the next cycle. It makes available abundant quantities

[J:F HI'.H:'EIIﬁL DNA EI:qL'I.EI'.IEI:'E Etﬂl'ri'l'lg 'El'ﬂl'l'l SOLICES

containing minimal quantities of the same.

The technique is as follows: two aligonudentide
primers complementary to the flanking region of the
DINA sequence o be amphfied are incubared with
the target DNA, nucleotides and DNA polvmerase.
The reaction consists of three essential steps:

1. heat denaturation of the sample DDNA ro single
strand;

2. annealing of sequence-specific oligonucleotide
primers to the boundaries of the DNA segment;
and

3. extension of the primers by DNA polymerase
to form new double-stranded DNA across the
segment by sequential addition of
deoxynucleotides.

These three steps constitiute one q.ﬂ:h: of the
reaction. These cycles are repeated several rimes,
usually for 2050 cycles in the thermocyeler, at the
end of which hundreds of thousands of copies of
T]'il: IJ'["IIE'IITI.E-J tEIEEt .‘.;i-:q'l.ll:l'l.ll,'.l:ﬁ iarc E.'b'ﬂj].‘ﬂ.hll:. Jﬂl_'i T]'II:
reaction steps take place at high temperature (50—
95 °(), a heat-stable polymerase, such as Taq | has
o I:H.' fmFIU}"I.'d-

With its enormous capacity to amplify DNA,
PCR is a versatile tool useful in diverse areas such
as diagnn.r.i!i of infectious, genetic or neoplastic

diﬂ:ascs, in  forensic inv:stigatiunﬁ, in
archeobiological studies of ancient specimens
and in the examination of phylogenetic relationships
in evolution.

Based on the principle of PCR, other target
amplification systems have been developed. One
such, Transcription mediared amplification {(TMA)
which amplifies ribosomal RNA instead of DNA
has been applied as a rapid diagnostic technique
for infections such as tuberculosis where cultures
are difficult or delayed.

Molecular epidemiology: One offshoot of
molecular genetics is malecular epidemiclogy. Here
maolecular methods such as plasmid profile analysis,
genomic fingerprinting and PCR are used for the
identification and matching of microbial isolates
for epidemiological purposes.

mapping:  As a result of the
remarkable advances in molecular genetics, it has
been possible to  delineare the complete genomic
sequences of bacteriophages and other viruses,
bacteria and their plasmids, and even of some
:ular_lmti:s induding marmmals, Quite apart from
the useful information it has provided in
microbiology, its success emboldened the
international scientific community to venture on the
‘human genome project’, the most expensive and
ambitious scientific project so far undertaken in
biology. The results of this mammoth study became
available by the dawn of the rwenty-first century
and have opened vistas in human biology and
medicine, as well as controversies and dilemmas
that transcend medicine,

Crenekne
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Infection

Infection and immunity involve interaction
between the animal I.'H.'H:I}" (host) and the infccting
microorganism. Based on their relationship to
t|'.|1:':r hDEtﬁ.l mi::ru-urgmlﬁms Cdrn bﬂ 'I:IIE'S;EIH:I s
saprophytes (from Greek sapros decayed; and
phyton plant) and parasites, Saprophytes are free-
living microbes that subsist on dead or decaying
orgamic matter. They are found in soil and water
and play an important role in the d:gmdatinn of
organic materials in nature. They are generally
incapable of multiplying on living tissues and
theretore are of little relevance in infectious
disease. Exceptionally, however, some saprophytes
like B. subalis may infeer devitalised hosts whose
natural resistance is greathy reduced (opportunistic
infection). Parasites are microbes that can establish
themselves and multiply in hosts. Parasine
microbes may be either pathogens (from Greek
pathos suffering, and gen produce, that is, disease-
producing) or commensals {(from Latin com wath;
and mensa, table, i.e., living together). Pathogens
are microorganisms that are capable of producing
disease in the host. Commensal microbes live in
complete harmony with the host without causing
any damage to it. The normal bacterial flora of
the body consist largely of commensals. Many
commensals behave as facultative pathogens in
thar they can produce disease when the host
resistance is lowered.

It 1s necessary to distinguish between the term
‘infection’ and ‘infectious disease”. The |c|c|.gcm1:nt
and multiplication of a parasite in or on the tissues
of a host constitute infection. It does not invariably
result in disease, In fact, disease s but a rare

consequence of infection, which is a common
natural event.

Infections may be classified in various ways.
Initial infection with a parasite in a host 15 termed
primary infection. Subsequent infections by the
same parasite in the host are termed reinfections.
When a new parasite sets up an infection in a
I'I.ll.'tﬁt 'H"I'.I.Dil: H:ﬁiﬁtal'l.l:t 15 1““’:]'1:\1:' 1.1}' d PII:I:Ii:E-ﬁ'I'IE
infectious disease, this is termed sccnnda:}'
infection. The term focal infection (more
appropriately focal sepsis) indicates a condition
where, due to infection or sepsis at localised sives
such as appendix or tonsils, generalised effects
are produced. When in @ patient already suffering
from a disease a new infection is set up from
another host or another external source, it is
termed cross-infection. Cross-infections occurnng
in hospitals are called nosocomial infections (from
Greek nosocomion hospital). The term fatrogenic
infection refers to physician-induced infections
resulting from investigative, therapeutic or other
procedures. Depending on whether the source of
infection is from the host’s own body or from
EKTEI'TIE.I SOUrcos, inﬁ:ctinnﬁ arec CIﬂ.Eﬁ-iﬁEd L]
endogenous of exogenous, respectively. Based on
the clinical effects of infections, they may be
classified into different varieties. Inapparent
J:Hf-fl'_'n:l'.ilﬂ i§ one Whtl’f 'EIJI.I'J.IIL'.E.I tﬂ'-l:l:tﬁ are not
apparent. The term subclinical infection is often
used as a synonym. Atypical infection is one in
which the I}?Pic:ll or characteristic clinical
manifestations of the particular infectious disease
are not present. Some parasites, following
infection, may remain in the tissues in a latent or
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hidden form proliferating and producing clinical
disease when the host resistance 15 lowered, Thas
is termed farent infection.

SOURCES OF INFROTION

Humans: The commonest source of infection
for humans are humans themselves, The parasite
may originate from a patient or a carrier. A carrier
lIE d PE‘IEL'I']'I WI'.I';J- ]'I.E.l'l:".'l‘l.l!'i tl'.l.t' Pathug:nic
MUCTOOTEAnSm without 5uf’ﬁ:ring from any ill-
effect because of it. Several types of carriers have
been identibied. A healthy carrier is one who
harbours the pathogen but has never suffered from
the disease caused by the pathogen, while a
EUJT!-'HIEECEI'.I!’ carrier 1% one "ﬁ"]'l.l:] ]'Iﬁ I'l:t.'.l:]\l':'l.'-:d.
from the disease and continues to harbour the
pathogen in his body. Depending on the duration
of carriage, carriers are classified as remporary
and chronic. The remporary carrier state lasts less
than six months, while chromc carmiage may last
ﬁ:r !if."'.l"'l:l'ﬂl }"I:E.I'E E.'I'Id SIJ'TI'.IC'UI.EI'I.EE CVETL I:IJT f].'ll: rest
of one’s life. The term contact carrier is applied
to a person who acquires the pathogen from a
patient, while the term paradexical carrier refers
to a carrier who acquires the pathogen from
another carrier.

Animals: Many pathogens are able to infect
both human beings and animals. Animals may,
therefore, act as sources of human infection. In
some instances, the infection in ammals may be
asymptomatic, Such ammals serve to maintain the
parasite in nature and act as the reservoir of human
infections. They are, therefore, called reservorr
hostz, Infectious diseases transmitted from animals
to human beings are called zoonoses, Zoonotic
diseases may be bacterial (plague from rats), viral
{rabies from dogs), protozoal (toxoplasmosis from
cats), helminthic (hydatid disease from dogs) or
fungal (zoophilic dermatophytes from cats and
dogs).

Insects: Blood sucking insects may transmit
pathogens to human beings. The diseases so

caused are called arthropod-borne diseases. Insects
such as mosquitoes, ticks, mites, flies, fleas and
lice that transmit infections are called vectors.
Transmission may be mechanical (for example,
transmission of dysentery or typhoid baalli by
the domestic fly). Such vectors are called
mechanical vecrors. In other mnstances, the
pathogen multiplies in the body of the vector, often
u.ndcrgulmg part of 1ts dmlupm:ntal c:;n:l: i 1t
Such vectors are termed hiological vecrors (for
example, Aedes segypti mosquito in yellow fever,
Anopheles mosquito in malaria). Biological
vectors transmit infection only after the pathogen
has multiplied in them sufficiently or has
undergone a developmental cycle. The interval
between the time of entry of the pathogen into
the vector and the vector becoming infective is
called the extrinsic incubation period.

Besides acting as vectors, some insects may

also act as reservoir hosts (for example, ticks in
rclapsing fever and 5P|:Jrrl:d fever). Infection is
maintained in such insects by transovarial or
transstadial passage.
Soil and water: Some pathogens can survive
in the soil for very long penods. Spores of tetanus
bacilh may remain viable in the soil for several
decades and serve as the source of infection. Fungi
{(Hisroplasma capsulatum, Nocardia asteroides)
and also parasites such as roundworm and
hookworm survive in the soil and cause human
iI'IfEEDI.DI'.I.-

Water may act as the source of infection either

due to contamination with pathogenic
microorganisms {cholera vibrio, infective heparins
virus) or due to the presence of aguatic vectors
{cyclops in guineaworm infection).
Food: Contaminared food may act as a source
of infection. The presence of pathogens in food
may be due to external contamination (food
puisoning by staphylococeus) or due to pre-
existent infection in meat or other ammal products
(salmonellosis).
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MeTHons oF TRANSMISSION OF
INFECTION

Contact: Infection may be acquired by contact,
which may be direct or indirect. Sexually
transmitted diseases such as 5}r]:r]1i1i5 and
gonorrhea illustrare spread by direct contact. The
ferm Cﬂﬂﬂgiﬂhs liii.ﬁ':ﬂii: J.'Iﬂ.d bﬂ:]'l. Ilmd fl:]l' diﬁ:‘ﬂ.ﬁ:ﬁ-
transmitted by direct contact, distinet from
infectious disease signifying all other modes of
transmission. This distinction is now not generally
employed. Indirect contact may be through the
agency of fomites, which are inanimate objects
such as clothing, pencils or toys which may be
mﬂtminﬂ.l‘ﬂd h}" a Fﬂ'&lﬂg‘:l’l :Fl'ﬂm oanec P’t[ﬁﬂl’l i].ﬂ-d
act as a vehicle for its transmission to another.
Pencils shared by school children may act as
fornites in the transmission of diphthenia, and face
towels in trachoma.

Inhalation: Respiratory infections such as
influenza and ruberculosis are transmitted by
inhalation of the pathogen. Such microbes are
shed by the patients into the environment, in
secretions from the nose or throat during sneezing,
speaking or coughing. Large drops of such
secretions fall to the ground and dry there.
Pathogens resistant to drying may remain viable
in the dust and act as sources of infection. Small
droplets, under 0.1 mm in diameter, evaporate
immediately to become minute particles or dropler
nuclei (usually 1-10 pm  in diameter) which
remain suspended in the air for long periods,
acting as sources of infection,

Ingestion: Intestinal infections are generally
acquired by the ingestion of food or drink
contaminated by pathogens. Infection transmitted
by ingestion may be waterborne (cholera),
foodborne (food poisoning) or handborne
(dysentery). The importance of fingerborne
transmission is being increasingly recognised, not
only in the case of pathogens entering through
the mouth, but also those that enter through the
nose and eyes.

Inoculation: Pathogens, in some instances, may
be inoculated directly into the tissues of the host.
Tetanus spores implanted in deep wounds, rabies
virus deposited subcutaneously by dog bite and
arbowviruses injected by insect vectors are examples.
Infection by inoculation may be iatrogenic when
unsterile syringes and surgical equipment are
employed. Hepatitis B and the Human
Immunodeficiency Virus (HIV) may be
transmitted through transfusion of infected bload,
or the use of contaminated syringes and needles,
particularly among addicts of injectable drugs.
Insects: Insects may act as mechanical or
biological vectors of infectious diseases.
Congenital: Some pathogens are able to cross
the placental barrier and infect the fetus in utero.
Thas 15 known as vertical transmission. This may
result in abortion, miscarriage or stillbirth. Live
infants may be born with manifestations of a
disease, as in congenital syphilis. Intrauterine
infection with the rubella virus, especially in the
first trimester of pregnancy, may interfere with
organogenesis and lead to congenital
malformation. Such infections are known as
reratogenic infections.
latrogenic and laboratory infections:
Infection may sometimes be transmirted during
administration of injections, lumbar puncture and
catheterisation, if meticulous care in asepsis is
lacking. Modern methods of treatment such as
exchange transfusion, dialysis, and organ transplant
surgery have increased the possibilities for iatrogenic
infections. Laboratory personnel handling infectious
material are at risk and special care should be taken
to prevent laboratory infection.

The outcome of an infection will depend on
the interaction between microbial factors which
predispose to pathogenicity and host factors which

contribute to resistance,

Facrors PrepisrosiNg To
MicroBial PATHOGENICITY

The terms *pathogenicity’ and "virulence' refer to
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the ability of a microbe to produce disease or tissue
injury but it 15 convenient to make a fine
distinction between them. ‘Pathogenicity’ is
generally employed to refer to the ability of a
microbial species to produce disease, while the
termn  ‘virulence' is applied to the same property
in a strain of microorganism. Thus the species
M. ruberculosis or the pﬂ]iu virus is referred to
as being pathogenic. The pathogenic species
M. mberculosis and the polio virus contain strains
of varying degrees of virulence including those
which are avirulent, such as the vaccine strains.
The virulence of a strain is not constant and may
undergo spontaneous or induced variation.
Enhancement of virulence is known as exaltation
and can be demonstrated experimentally by serial
Passagc III'.I IL'I.ECI:FtiJJ]I: ]'IIJITE. Rt‘dl]l:tiﬂ'l'l D'F
virulence is known as artenuation and can be
achieved by passage through unfavourable hosts,
repeated cultures in artificial media, growth under
high temperature or in the presence of weak
antiseptics, desiccation, or prolonged storage in
culture.

Virulence is the sum total of several
determinants, as detailed below.
Adhesion: The initial event in the pathogenesis

of many infections is the attachment of the bacteria
to body surfaces. This attachment 15 not a chance
event but a specific reaction between surface
receptors on host cells and adhesive structures
(ligands) on the surface of bacteria. These adhesive
structures are called adhesins. Adhesins may occur
as organised structures, such as fimbriae or
fibrillae and Pili., or as colonisation factors. This
specific adhesin may account for the tissue
tropisms and host specificity exhibired by many
Fathug:ns. Adhesins serve as virulence factors,
and loss of adhesins often renders the strain
avirulent. Adhesins are usually made of protein
and are antigenic in nature, Specific immunisation
with adhesins has been attempted as a method of
prnph}r].:x.is in some infections, as for instance
against E. coli diarrhea in calves and piglets, and
gonorrhea in human beings.

Invasiveness: This refers to the ability of a
pathogen to spread in the host tissues after
establishing infection. Highly invasive pathogens
characteristically produce spreading or generalised
lesions (e.g., streptococcal septicemia following
wound infection), while less invasive pathogens
cause more localised lesions (e.g., staphylococcal
abscess). Some pathogens, though capable of

Table 8.1 Distinguishing features of exotoxins and endotoxins

Exoroxing Endotoxins
1. Proteins Lipopolysaccharides
2. Hear labile Heat stable

3. Actively secreted by cells; diffuse into
surrounding medium

4. Readily separable from cultures by physical
means such as Altration

5. Action often enzymic

6. Specific pharmacological effect for each
exotoxin

7. Specific tissue affinitics

8. Active in very minure doses

9. Highly antigenic

10. Action specifically neutralised by antibody

Form part of cell wall; do not diffuse into
surrounding medium
Obtained only by cell lysis

No enzymic action

Effect nonspecific; action common to all
endotoxing

No speaific tssue affinity

Active only in very large doses

Weakly antigenic

M eutralisation I:n}' antibody ineffective
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causing serious or even fatal diseases, lack
invasiveness altogether (e.g., the tetanus bacillus
which remains confined to the site of entry and
produces the disease by elaborating a potent
tooxin).

Toxigenieity: Bactena produce two types of
toxins—exotoxins and endotoxins.

Exotoxins are heat labile proteins which are
secreted by certain species of bactena and diffuse
readily into the surrounding medium. They are
highly potent in minute amounts and constitute
some of the most poisonous substances known.
One mg of tetanus or botulinum toxin is sufficient
to kill more than one million guinea pigs and it
has been estimated that 3 kg of bomlinum roxin
can kill all the inhabitants of the world. Treatment
of exotoxins with formaldehyde yields toxoids
which are nontoxic but retain the ability ro induce
antibodies (antitoxins). They exhibit specific nssue
affinities and pharmacological activities, each
toxin producing a typical effect which can be
made out by characteristic clinical manifestations
or autopsy appearances. Exotoxins are generally
formed by Gram positive bacteria but may also
be produced by some (Gram negative organisms
such as Shiga’s dysentery bacillus, vibrio cholera
and enterotoxigenic E. coli.

Endotoxins are heat stable lipopolysaccharides
(LPS) which form an integral part of the cell
wall of Gram negative bacteria. Their toxicity
depends on the lipid component (lipid A). They
are ot Sﬂmttd. ﬂutEid: ﬂ'll:' hll:'l'ﬂiil Cl:“ :ﬂ.ﬂ.d arc
released only by the disintegration of the cell wall.
They cannot be toxoided. They are poor antigens
and their toxicity is not completely neutralised by
the homologous antibodies. They are active only
in relatively large doses. They do not exhibit
specific pharmacological activities. All endotoxins,
whether isolated from pathogenic or
nonpathogenic bacteria, produce similar effects.
Administration of small quantities of endotoxin
in susceptible animals causes an elevation of body
temperature manifested within 15 minutes and

lasting for several hours, The pyrogenic cffect of
fluids used for intravenous administration is
usually due to the presence of endotoxins from
contaminant bacteria. Intravenous injections of
Iﬂl.'g:‘ dﬂEt‘E ﬂf' :ndutn!in il'.l.d mlEEi'lH: Gram
negative septicemias cause endotoxic shock
marked by fever, leucopenia, thrombocytopenia,
significant fall in blood pressure, circulatory
collapse and bloody diarrhea leading to death
(Tables 9.1, 9.2).

Plasmids: Genes coding for some virulence
characteristics may be plasmid borne. Examples
of plasmid-borne virulence factors are surface
antigens responsible for the colonisation of
intestinal mucosa by E. coli and enterotoxin
production by E. coli and Staph. aureus. Multiple
drug resistance (R) plasmids increase the severity
of clinical disease by their resistance to antibiotic
therapy.

Bacteriophages: The classical example of
phage directed virulence is seen in diphtheria. In
diphtheria bacilli, the gene for toxin production
15 present in beta or other tox' corynephages.
Communicability: The ability of a parasite
to spread from one host to another is known as
communicability. This property does not influence
the production of disease in an individual host
but determines the survival and distribution of a
parasite in a community. A correlation need not
exist between virulence and communicability. In
fact, a highly virulent parasite may not exhibit a
high degree of communicability due to its rapidly
lethal effect on the host. In general, infections in
which the pathogen is shed in secretions, as in
respiratory or intestinal diseases, are highly
communicable. In some instances, as in
hydrophobia, human infection represents a dead
end, there being an interruption in the spread of
the pathogen to other hosts.

Development of epidemic and pandemic
diseases requires the strain of pathogen to possess
high degrees of virulence and communicability.
Other bhacterial products: Some bacterial
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FI‘CH:'IJ.EIE other than toxins, t].'IEHJ.Eh devoid of
intrinsic toxicity, may contribute to virulence by
inhibiting the mechanisms of host resistance.
Pathogenic staphylocoeci produce a thrombin-
like enzyme coagulase which prevents
phagocytosis by forming a fibrin barrier around
the bacteria and walling off the lesion.
Fibrinolysins promote the spread of infections by
breaking down the fibrin barrier in tissues.
Hyaluronidases split hyaluronic acid which is a
component of intercellular connective tissue and
thus facilitate the spread of infection along tissue

spaces. Leucocidins damage polymorphonuclear
ltu-:uqrtl:s. Mm}' F:.thugl:ns Pmduu: h:mnl}'sins
capable of destroying erythrocytes but their
significance in pathogenicity is not clearly
understood.

Bacterial appendages: Capsulated bacteria
such as pneumococci, K. pnreumoniae and H.
influenzae are not readily phagocytosed. Some
bacterial surface antigens such as the Vi antigen
of 8. typhi, K antigens of E. coli also help the
bacteria to withstand phagocytosis and the lytie
actvity of complement.

Infecting dose: Successful infections require
that an adequare number of bacteria should gain
entry into the host. The dosage may be estimated
as the minimum infecting dose (MID) or
minimum lethal dose (MLD) which are,
respectively, the minimum number of bacteria

required to produce clinical evidence of infection

Table 9.2 Biological activities of endoloxins

or death, respectively, in a susceptible animal under
standard conditions. As animals exhibit
considerable individual variation in susceptibality,
these doses are more correctly estimated as
statistical expressions, 1D 50 and LID 50, as the
dose required to infect or kill 50 per cent of the
animals tested under standard conditions,

Route of infection: Some bactena, such as
streptococc, can initiate infection whatever be the
mode of entry. Others can survive and multiply
only when introduced by the optimal routes.
Cholera vibrios are infective orally but are unable
to cause infection when introduced subcutaneously.
This difference is probably related to modes by
which different bacteria are able to imitiate tissue
damage and esrablish themselves. Bacteria also
differ in their sites of election in the host body
after introduction into tissues. They also differ in
the ability to produce damage of different organs
in different species of animals. Tubercle bacilli
injected into rabbits cause lesions mainly in the
kidney and infrequently in the liver and spleen,
but in guinea pigs the lesions are mainly in the
liver and spleen, the ladneys being spared. The
reasons for such selective multiplication in tissues
are largely obscure, though they may be related
to the presence in tissues of substances that may
selectively hinder or favour their multiplication.

Tyres oF INnFECTIOUS DISEASES
Infectious diseases may be localised or generalised.

Pyrogenicity Lethal action
Activation of complement

Leucocytosis

Intravascular coagulation
Inhibition of glucose and

Depression of blood pressure
Leucopenia
stimulation of B lymphocytes

glycogen synthesis in the liver

h'l.i.-:mp]'ugc inhibirion

Interferon release

Induction of prostaglandin
synthesis

Clotting of limulus lysate (lysate of amebocytes from horse-shoe crab, Limulus polyphemus, used as I)

test for derection of endotoxins).
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Localised infections may be superficial or deep-
seated. Generalised infection involves the spread
of the infecting agent from the site of eatry by
contiguity, through rissue spaces or channels,
ﬂﬂng thl: [}mF]'IHl'IIL'E ar tl'.I.T‘DUEI'.I. TJ'.I.E I:rluucl.stn:a.m-
Circulation of bacteria in the blood is known as
bacteremia. Transient bacteremia is a frequent
event even in healthy individuals and may occur
during chewing, brushing of teeth or straining at
stools. The bacteria are immediately mopped up
by phagocytic cells and are unable to initiate
infection. Bacteremia of greater severity and longer
duration is seen during generalised infections as
in typhoid fever. Sepricemia is the condition
where bactena circulate and mulﬁpl}r in the blood,
form toxic products and cause high, swinging type
of fever. Pyemia is a condition where pyogenic
bacteria produce septicemia with multiple

abgcesses in the internal organs such as the 5p!:1:n,
liver and kidney.

Depending on their spread in the communiry,
infectious diseases may be classified into different
:}’PE‘E. Eﬂ'l’jﬂmllf d:'ffﬂb'ff arng thﬂ‘EE Which arc
constantly present in a particular area, Typhoid
fever is endemic in most parts of India. An epidemic
disease is one that spreads rapidly, involving many
persons in an area at the same time. Influenza
causes annual winter epidemics in the cold
countries. A pandemic is an epidemic that spreads
through many areas of the world involving very
large numbers of people within a short period.
Influenza, cholera, plagu: and enteroviral
conjunctivitis are pandemic diseases. Epidemnics
vary in the rapidaty of spread. Waterborne diseases
such as cholera and hepatins may cause explosive
outbreaks, while diseases which spread by person-
to-person contact evolve more slowly. Such
creeping or smouldening epidemics, as that of
cerebrospinal fever, are termed prosodemic
diseases.

Further Heading
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Microbiology.



Immunity

The term “immunity” traditionally refers to the
resistance exhibited by the host towards injury
caused by microorganisms and their products.
However protection against infections diseases is
[Jnl}" ome Df tl'.lf El'.ll'lﬁtqutnl:l:!i- L']'F t]'lt Immine
rezponse, which in its entirety is concerned with
the reaction of the body against any foreign antigen.

Immunity against infectious diseases is of

different rypes:

I Innate (Native) Immunity

Species
(a) Nonspecific Racial
Individual
Species
(b} Specific Racial
Individual
I Acquired (Adaptive) Immunity
Matural
{a) Active
Artificial
Matural
(b) Passive
Artificial

Innate or native immunity is the resistance to
infections which an individual possesses by virtue
of his El:nl:ﬁ-l; and constitutional n'lﬂct-up- It 15 not
affected by prior contact with microorgamsms or
immunisation. It may be nonspecific, when it
indicares a degree of resistance to infections in

general, or specific where resistance to a particular
pathogen is concerned.

Innate immunity may be considered at the level
of the species, race or individual. Species immunity
refers to the total or relative refractoriness to a
pathogen, shown by all members of a species. For
instance, all human beings are totally unsusceptible
to plant pathogens and to many animal pathogens
such as rinderpest or distemper. This immunity is
something a person obtains by virmue of being a
part of the human species. The mechanisms of
species immunity are not clearly understood but
may be due to physiclogical and biochemical
differences between the tissues of the different host
species, which determine whether or not a pathogen
can multiply in them. An early insight into the basis
of species immunity was gained by Pasteur's
expeniments on anthrax in frogs, which are naturally
resistant to the disease but become susceptible when
their body temperature is raised from 25 "C to
35 °C.

Within a species, different races may show
differences in susceptibality to infections. This s
known as racial immunity, the classic example of
which is the high resistance of Algenan sheep to
anthrax. Such racial differences are known o be
genetic in origin, and by selection and inbreeding,
it is possible to develop, at will, races thatr possess
high degrees of resistance or susceptibility to
various pathogens. It is difficult to demonstrate
marked differences in immunity in human races, as
controlled breeding is not possible in the human
5pl:1:il:-s- It has been H:Purn:d that the Fcnpl: af
Negroid origin in the USA are more susceptible
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comparisons are vitiated by external influences such
as differences in sociceconomic levels. An
interesting instance of genetic resistance to
Plasmodium falciparum malaria is seen in some
parts of Africa and the Mediterranean coast. A
hereditary abnormality of red cells (sickling),
prevalent in the area, confers immunity to infection
by the malarial parasite and may have evolved from
the survival advantage conferred by it in a malaral
environment.

The differences in innate immunity exhibited
by different individuals in a race 18 known as
individual immuniry. The genetic basis of individual
immunil.‘}' 15 evident from studies on the inadence
of infectious diseases in twins. It is well documented
that homozygous twins exhibit similar degrees of
resistance or susceptibility to lepromatous leprosy
and tuberculosis. Such correlation 15 not seen in
heterczygous twins.

Several factors influence the level of innate

immunity in an individual:
Age: The two extremes of life carry higher
susceptibility to infectious diseases as compared
with adules. The fetus in utero is normally protected
from maternal infection by the placental barrier.
But some pathogens cross this barrier causing
overwhelming infections resulting in fetal death.
Some, such as rubella, herpes, cytomegaloviruses
and Toxeplasma gondii, lead to congenital
malformations. The heighrened susceptibility of the
fetus to infection s related to the immarurity of its
immune apparatus. Newborn animals are more
susceptible to experimental infections than older
ones. Coxsackie viruses cause faral infection in
suckling mice but not in adults.

Increased susceptibality in the young may, in some
mstances, be due to hormonal influence. Tinea capiis
caused by Microsporum audouinii frequently
undergnes spontaneous cure with the onset of puberty.
The susceptibility of the vaginal epithelium in
prepubertal girls to gonococcal infection is another
instance of the effect of sex hormones on resistance.

Some infections like poliomyelitis and
chickenpox tend to be more severe in adults than
in young children, due to hypersensitivity that
causes greater tissue damage. Conversely, hepatitis
B virus infections in the newborn are usually
asymptomatic because clinical disease requires
adequate immune response which is lacking at that
age. However, the virus multiphes unrestrained and
such neonates end up as chronic viral carriers, often
developing late hepatic complications. Old persons
are highly susceptible to infections due to the
waning of their immune responses and other
infirmities like enlarged prostate leading to urinary
STASIS, _

Hormonal influences: Endocrine disorders
such as diabetes mellitus, hypothyroidism and
adrenal dysfunction are associated with an enhanced
susceptibility to infections. The high incidence of
EtHF]:'IJ’].L'HJ.'HJ:H.I E'EF'EIH imn CI.IIHI'.I'ETE I'I'.Iﬂ.}" bﬂ I'Eiﬂ.ttd b
the increased level of carbohydrates in tissues.
Corticosteroids exert an important influence on the
response to infection. They depress the host’s
resistance by their antiinflammatory and
antiphagocytic effects and by the suppression of
antibody formation and hypersensitivity. They also
have a beneficial effect in thar they neutralise the
I'IHETI'.IFLL] EfTE‘Et Df hll:[':‘fial pmducts Elll:h a5
endotoxins. The elevated steroid level during
pregnancy may be related to the heightened
i'l.l.ﬁft'].'ltllhlllllr:r' I.'!II'- pn:g:nanr women to mﬂﬂ}"
infections. The reported effect of stress in increasing
susceptibility to infections, may in some measure
be due to the release of steroids.

“utrition: The interaction between malnutrition
and immunity is complex but, in general, both
humoral and cell mediated immune processes are
reduced when there is maloutrition. Cell mediated
mmune responses such as the Mantoux test become
negative in severe protein deficiency, as in
kwashiorkor. Because of its wide prevalence,
malnutrition may well be the commonest cause of

immunodeficiency.
Paradoxically, there is some evidence that certain
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infections may not become clinically apparent in
the severely malnourished. Malarial infection in
the famine stricken may not induce fever but once
their nutrition is improved, clinical malaria
develops. It has also been reported that some viruses

may not multiply in the tissues of severely
malnourished individuals.

MECHANISMS OF INNATE IMMUNITY

Epithelial surfaces: The intact skin and
mucous membrane covering the body protect it
considerably against invasion by microorganisms.
They provide much more than a mechanical
barrier. Healthy skin possesses bactericidal activity
to which the presence of high concentration of salt
in the drying sweat, the sebaceous secretions and
the long chain farty acids and soaps contribute,
When cultures of typhoid bacilli placed on healthy
skin and on a glass surface are sampled at intervals,
the bacteria on the skin are seen to be killed within
minutes, while those on glass survive for several
hours. The bactericidal activity of skin secretions
15 illustrated by the frequent mycotic and pyogenic
infections seen in persons who immerse their hands
in soapy water for long periods occupationally.

Though the skin frees itself readily of bacteria

sited on it (transients), its reactions are different
to the bacterial flora normally resident on at.
Resident flora are not easily removed even by
washing and application of disinfectants.

The mucosa of the respiratory tract has several
innate mechanisms of defence. The very architecture
of the nose prevents entry of microorganisms to a
large extent, the inhaled particles being arrested at
or near the nasal onfices. Those that pass beyond
are held by the mucus lining the epithelium, and
are swept back to the pharynx where they tend to
be swallowed or coughed out. The cough reflex is
an important defence mechanism of the respiratory
tract. The cilia on the respiratory epithelial cells
propel particles upwards. Nasal and respiratory
secretions contain mucopolysaccharides capable of
combining with influenza and certain other viruses,

Particles that manage to reach the pulmonary alveoli
are ingested by the phagocytic cells present there.

The mouth is constantly bathed in saliva which
has an inhibitory effect on many microorganisms.
Particles deposited in the mouth are swallowed and
subjected to the action of the digestive juices. The
high acidity of the stomach destroys most
microorganisms. 1he pH becomes progressively
alkaline from the duodenum to the ileum. The ileum
contains a rich and varied flora and in the large
intestine, the bulk of the contents is composed of
bacteria.

The intestinal mucosa 15 covered by a lacelike
network of mucus. Particles get enmeshed in the
mucus and form small masses which are propelled
by peristalsis.

The conjunctiva is freed of foreign particles by
the flushing action of lachrymal secretions. The
eyes become susceptible to infection when

secretions are absent. Tears contain the
antibacterial substance lysozyme, first described by
Fleming (1922). Thie is a thermolabile low
molecular weight basic protein which acts as a
muraminidase, Lysozyme 1s present in tissue fluids
and in nearly all secretions except cerebrospinal
fluid, sweat and urine. It acts by splitting certain
polysaccharide components of the cell walls of
susceptible bacteria. In the concentrations seen in
tears and other secretions, lysozyme is active only
against some nonpathogenic Gram positive
bacteria. However, it occurs in phagocytic cells in
concentrations high enough to be lethal to many
pathogens.

The flushing action of urine climinates bacteria
from the urethra. Spermine and zinc present in the
semen carry out antibacterial activity. The acidity
of the adult vagina, due to the fermentation of
glycogen in the epithelial cells by the resident
aciduric bacilli, makes it inhospitable to many
pathogens.

Antibacterial substances in blood and
tissues: The complement system possesses
bactericidal activity and plays an important role in
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the destruction of pathogenic bactena that invade
the blood and rissues (see chaprer 14).

Several substances possessing antibacterial
properties have been described in blood and rissues.
These include (1} beta lysin, a relatively
thermostable substance active against anthrax and
related bacilli; (2) basic pnl}’ptp!id:s such as
leukins extracted from lencocytes and plakins from
Pliltl:]tl‘i', (3} acidic substances, such as lactic acd
found in muscle tssue and in the inflammatory
zones; and (4) lactoperoxidase in milk. While these
substances possess antibacterial propertics
demonstrable experimentally, their relevance in the
natural context is not clearly understood.

A method of defence against viral infections is
the production of interferon by cells stimulated by
live or killed viruses and certain other inducers,
Interferon has been shown to be more important
than specific antibodies in protection against and
recovery from certain acute viral infections. Tissues
and body secretions contain other antiviral
substances.

Microbal antagonisms: The skin and
mucous surfaces have resident bactenal flora which
prevent colonisation by pathogens. Alteration of
normal resident flora may lead to invasion by
extraneous microbes, causing serious discases such
as staphylococcal or clostridial enterocolitis
following oral antibiotics. The importance of
normal bacterial flora in native immunity 1s
exemplified by the extreme susceptibility of germ
free animals to all types of infections.

Cellular factors in innate tmmunity:
Matural defence against the invasion of blood and
tissues by microorganisms and other foreign
particles is mediated to a large extent by phagmmc
cells which lI'.IEl:'i‘l‘ and ::ll:r.t'rn'l.r them. Ph

cells, originally discovered by Metchnikoff EIEEE]

were classified by him into microphages and
macrophages. Microphages are polymorpho-
nuclear leucocytes. Macrophages consist of
histiocytes which are the wandering ameboid cells
seen in tissues, the fixed reticuloendothehal cells

and the monocytes in the blood. A major function
of the reticuloendothelial system is the removal of
foreign particles that enter the body. Phagocytic
cells reach the sites of inflammation in large
numbers, attracted by chemotactic substances, and
ingest particulate materials. Capsulated bacteria,
f'TI.H:I'.I a5 }'rnl:umucucd, are mot I'A'.'ﬂ.d.i].}' FhﬂEDC}'TDEEd
except in the presence of opsonins. They are more
readily phagocytosed when trapped against a firm
surtace such as the alveolar wall than when they
are free in tissue fluids, Bacteria are phagocytosed
into a vacuole (phagosome), which fuses with the
lysosomes found in the cell to form the
phagolysosome. The bacteria are subjected to the
action of the lytic enzymes in the phagolysosome
and are destroved. Some bactena, such as brucella
and lepra bacilli, resist intracellular digestion and
may actively multply inside the phagocytic cells.
Phagocytosis in such instances may actually help
to disseminate infection to different parts of the
body. The importance of phagocytosis in protection
against infection is evidenced by the enhanced
susceptibility to infection seen either when the
phagocytic cells are depleted, as in agranulocytosis,
0 W]'Iu:'l'.l t]'I.E'}" arc fum:tinn:t"}r dtﬂci:l:l'lt, s i.TI.
chronic granulomatous dizease. A class of
lymphocytes called natural killer (NK) cells are
important in nonspecific defence against viral
infections and tumours. They selectively lall virus
infected cells and tumour cells. NK cells are
activated by interferons.

Inflammation: Tissue injury or irritation,
initiated by the entry of pathogens or other irritants,
leads to inflammation, which is an important,
nonspecific defence mechanism. The arterioles at
the site constrict initially and then dilate leading to
an mcreased blood flow. There is a slowing of blood
flow and margination of the leucocytes, which
escape into the tissues by diapedesis and accumulate
in large numbers, attracted by the chemotactic
substances released at the site of injury.
Microorganisms are phagocytosed and destroyed.
There is an outpouring of plasma, which helps to
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dilute the toxic products present. A fibrin barrier is
laid, serving to wall off the site of infection.
Fever: A rise of temperature following infection
15 a natural defence mechanism. It not merely helps
to accelerate the physiological processes but may,
in some cases, actually destroy the infecting
pathogens. Therapeutic induction of fever was
employed for the destruction of Treponema
pallidum in the tissues of syphilitic patients before
penicillin became available. Fever stimulates the
Pmductiun of interferon and aids r:r:mrl:q.rﬁ'mnﬁml
infections.

Acute phase proteins: Infection or injury
leads to a sudden increase in plasma concentrations
of certain proteins, collectively called acure phase
proteins. These include C reactive protein (CRP),
mannose binding protein, alpha-1-acid
glycoprotein, serum amyloid P component and many
others. CRP and some other acure phase proteins
activate the alternative pathway of complement.
They are believed to enhance host resistance, prevent
tissue injury and promote repair of inflammatory
lesions.

ACQUIRED IMMUNITY
The resistance that an individual acquires during
life is known as acquired immunity as distinct from
nborn innate immunity. Acquired immunity 15 of
two types, active and passive. Active immunity is
the resistance developed by an individual as a result
of an antigenic stimulus. It is also known as adaptive
immunity as it represents an adaptive response of
the host to a specific pathogen or other antigen.
This involves the active functioning of the host’s
immune apparatus leading to the synthesis of
antibodies and the production of immunologically
active cells. Active immunity sets in only after a
latent period which is required for the
immunological machinery to be set in motion,
Dring the development of active immunity, there
is often a negative phase during which the level of
measurable immunity may actually be lower than
it was before the antigenic stimulus. This is because

the antigen combines with any pre—existing antibody
and lowers its level in circulation. Once developed,
the active immunity is long-lasting. If an individual
who has been actively immunised against an antigen
experiences the same antigen subsequently, the
immune response occurs more quickly and
abundantly than during the first encounter. This is
known as secondary response. Besides the
development of humoral and cellular immunity,
active immunity is associated with immunological
memory. [his implies that the immune system is
able to retain for long periods the memory of a
prior antigenic exposure and to produce a secondary
type of response when it encounters the same
antigen again. Active immunisation is more
effective and confers better protection than passive
immunisation.

The resistance that is transmitted passively to a
recipient in @ ‘readymade’ form is known as passive
immunity. Here the recipient’s immune systermn plays
no active role. There is no antigenic stimulus;
instead, preformed annbodies are admimstered.
There is no latent period in passive immunity,
protection being effective immediately after passive
immunisation. There is no negative phase. The
ummunity is transient, usually lasting for days or
weeks, only till the passively transmirted antibodies
are metabolised and eliminated. No secondary type
response oceurs in passive immunity. In fact, passive
immunity diminishes in effect with repetition.
When a foreign antibody iz administered a second
time, it is eliminated more rapidly than initially.
Following the first injection of an antibody such as
immune horse serum, the elimination is only by
metabolic breakdown but during subsequent
injections of horse serum, elimination is much
quicker as it combines with antibodies to horse
serum that would have been produced following
its initial injection. This factor of immune
elimination limits the usefulness of repeated passive
immunisation. Passive immunisation is less effective
and provides an immunity inferior to that provided

by active immunisation. The main advantage of
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passive immunisation s that it acts immediarely
and, therefore, can be tmp]n}r:d when ‘instant’
wmnmunity is desired (Table 10.1).

Active immunity may be natural or arrificial.
Nﬂm[ﬂ ﬂl:l.'.i""l: i.l:l'l.l'l:l.'l.l.l'l.i".'f' I'I:ﬁ-'l.l.]t‘i :I'-IT.I-I'I'.I E‘it]'itl.' d
clinical or an inapparent infection by a microbe. A
person who has recovered from an arrack of measles
develops natural active immunity. The large majority
of adults in the developing countries possess natural
active immunity to poliomyelitis due to repeated
inapparent infections with polioviruses during
childhood. Such mmunity 15 usually long-lasting
but the duration varies with the rype of pathogen.
The immunity 1s lifelong following many viral
diseases such as chicken pox or measles. In some
viral diseases, such as influenza or common cold,
the immunity appears to be shortlived. Influenza
can recur in an individual after a few months or a
year but this is not so moch due to lack of the
immunising capacity of the virus as to its ability to
'I.I.I'I.I'.:I.EFEU E.I'.It:iHL"I'I.IIE "u"H.I':thIIﬂTI. 34 rl'.l.tl[' lIFI'II'.I'I.l.'ll'.III['_'L'
following the first infection is not effective against
the second infection caused by an antigenically novel
viros, In common cold, the apparent lack of
immunity 15 because the same clinical picture can
be caused by infection with a large number of
ditferent viruses. The immunity following bacterial
infection is generally less permanent than that
following viral infections. Some, such as typhoid
fever, induce durable Fru:}'tl:-;:tlun- In 5_1.r|:|-]1'|l'|5, a !i]:H.'L'i.EJ
type of immunity known as ‘premunition’ is seen.
Here, the immunity to reinfection lasts only as long
as the original infection remains active. Once the
disease 15 cured, the patient becomes susceptible to
the spirochete again. In chancroid, another venereal
disease, caused by Haemophulus ducreys, there does
not appear to be any effective immunity as the patient
may develop lesions following reinfection even
while the orginal infection is active.

Artificial active immunity is the resistance
induced by vaccines. Vaccines are preparations of
live or killed microorganisms or their products used
for immunisation.

Examples of vaccines are as follows:
1. Bacterial vaccines

i Live (BUG vacaine for tuberculosis)

b. Killed {Cholera vaccine)

¢ Subunit I:T_\Trhuid Vi antigen)

d. Bacterial products (Tetanus toxoid)

2. Viral vaccines

a Live (Oral polio vaccine=Sahin)

b. Killed (Injectable polio vaccine—Salk)

¢. Subunit {Hepatitis B vaccine)

Live vaccines imitiate an infection without
causing any injury or disease. The immunity
following live vaccine administration therefore
parallels that following natural infection though it
may be of a lower order. The immunity lasts for
EETH:I'HJ. VTS I:ﬂ.lt I.'H.'HJ'!itff dUSEE ITIH;I" I:H:' ]'I'I:EEEHI.'I'I}'.
Live vaccines may be administered orally (as with
the Sabin vaccine for poliomyelitis} or parenterally
{as with the measles vaccine). Killed waccines are
generally less immunogenic than live vaccines, and
pmt:ctiun ]Eﬁtﬁ nnl}' ﬁ:r i Ehﬂﬂ 'P'E]'J.II.'H.'I. FI‘.I'I.IE}' hﬂ.\?':,
therefore, to be administered repeatedly, generally
at least two doses being required for rhe production
of immunity. The first is known as the primary
dose and the subsequent doses as booster doses.
Killed vaceines may be given orally but this route
is generally not effective. Parenteral administration
provides humoral antibody response, which may
be improved by the addition of ‘adjuvants’ (for
:x:ampl-l:, alurmimiam thphat:]-

Natural passive immunity is the resistance
passively transferred from mother to baby, In human
infants, maternal antibodies are transmitted
predominantly through the placenta, while in
animals such as pigs, transfer of antibodies occurs
malu]}-' t]-]"ﬂ."]." l'I'I'I'ﬂLI.EI'I rhl: I:D]I:}EL'I.'LII'I'I- T‘.h': humﬂ.ﬂ
colostrum, which is also rich in IgA antibodies
resistant to intestinal digestion, gives protection to
the neonate. The human fetus acquires some ability
to synthesise antibodies (IgM) from about the
rwentieth week of life but its immunological
capacity is still inadequate at birth. It is only by
about the age of three months that the infant
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Tabie 10.1 Comparison of active and passive immunity

Active immunity

Passive immunity

Produced actively by host’s immune system
Induced by infection or by immunogens
Durable effective protection

Irnmunity effective only after lag period
Immunological memory present

Booster effect on subsequent dose
‘MNegative phase’ may occur

Mot applicable in the immunodeficient

Received passively. No active host participation
Readymade antibody transferred

Transient, less effective

Immediate immunity

No memory

Subsequent dose less effecrive

Mo negative phase

Applicable in immunodeficient

acquires some measure of immunological
independence. Until then, maternal antibodies give
passive protection against infectious discases to the
infant. Transport of antibodies across the placenta
1s an active process and therefore the concentration
of antibody in the feral blood may sometimes be
higher than that seen in the mothér. Protection so
afforded will ordinanily be adequate aguinst all the
common infectious diseases in the locality. It is for
this reason that most pediatric infections are more
common after the age of three months than in
younger infants. By active immunisation of mothers
during pregnancy, it is possible to improve the
quality of passive immunity in the infants.
Immunisation of pregnant women with tetanus
toxoid 15 recommended for this purpose in
communities in which neonatal tetanus is common.

Artificial passive immunity s the resistance
passively transferred to a recipient by the
administration of antibodies. The agents used for
this purpose are hyperimmune sera of ammal or
human origin, convalescent sera and pooled human
gamma globulin, These are used for prophylaxis
and therapy. Equine hyperimmune sera such as
antitetanus serum and ATS prepared from
hyperimmunised horses used to be extensively
employed. They gave temporary protection but
carried the disadvantages of hypersensitivity and
immune elimination. Human hyperimmune
globulin (for example, tetanus immune globulin,
TIG) is free from those complications and also
gives more lasting protection. Antisera of animal

origin are now recommended only where human
preparations are not available (anti gas gangrene
and anti botulinum sera; antivenoms).

Convalescenr sera (sera of patients recovering
from infectious diseases) contain high levels of
specific antibody. Pooled human gammaglobulin
{(gammaglobulin from pooled sera of healthy adults)
contains antibodies against all common pathogens
prevalent in the region. Convalescent sera and
pooled human gammaglobulin were used for
passive immunisation against some virus infections
(like wiral hepatitis A). Human gammaglobulin is
also used in the treatment of patients with some
immunodeficiencies. Gammaglobulin tends to
aggregate and when injected intravenously may
cause anaphylactic reaction due to complement
activation. They are therefore to be given only
intramuscularly. It has to be ensured thar all
preparations from human sera are free from the
risk of infection with hepartitis B, hepatitis C, HIV
and other infective agents.

Passive immunisation is indicated for immediarte
and temperary protection in a nonimmune host
faced with the threat of an infection, when there is
insufficient time for active immunisation to take
effect. It is also indicated for the treatment of some
infections. Passive immunisation may also be
employed for the suppression of active immunity,
when the latter may be injurious. An example is
the use of Rh immune globulin during delivery to
prevent immune response to the Rhesus factor in
Rh negative women with Rh positive babies.
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methods of immunisation is employed. This is
known as combined immunisarion. Ideally,
whenever passive immunisation iz employed for
immediate protection, combined immumsation s
tobe prtﬁ:rrcd, as in the protection of 2 nonimmune
individual with a tetanus-prone wound. The
method is to inject TIG in one arm and the first
dose of retanus toxoid in the other. This s followed
by the full course of phased tetanus toxoid injections.
T1G provides the protection necessary till the active
immunaty 15 able o take effect.

A special type of immunisation is the injection
Uf 'meunulug;lca]]:.-' i.'lJTFIFf‘U‘.'fIt ll'_l']'[IF]'l‘I'.H_':_i'Tt!i- F.r]"llﬁ-
is known as adoptive immunity and does not have
general application. Instead of whole lymphocytes,
an extract of immunologically competent
lymphocytes, known as the "transfer factor’, can be
used. This has been attempted in the treatment of
certain types of diseases (for example lepromatous
leprosy).

MEASUREMENT 0F IMMUNITY

The truly valid measurement of immunity is to test
the resistance of an individual to a c]ull:ngc bJ.r
the pathogen. This is, however, not applicable since
the challenge itself alters the state of immunity. It
15, therefore, not possible to measure accurately the
level of immunity in an individual. Estimates of
immunity are generally made by statistical methods
using large numbers of individuals.

A simple method of testing immunity is to relate
its level to some convemient indicator, such as
demonstration of the specific antibody. This is not
always reliable as the immune response to a
pathogen consists of the formation of antibodies to
several antigens present in it, as also to the
production of cellular immunity. The antibodies
may be demonstrated by a variety of techniques such
as agglutination, precipitation, complement fixation,
agg]uﬁnatinn inhibition, neutralisation, ELISA
and others. In the absence of exact information as
to which antigen of the pathogen constitutes the

hem

protective antigen, serological attempts to measure
immunity are at best only approximations. In some
instances, a5 in diphtheria where pathogenesis is
due to a well-defined antigen {the tooan), the level
of immunity can be assayed by 1n vitro or in vivo
{Schick test) methods. Where protection is
associated with cell-mediated immunity, skin tests
tor delaved hypersensitivity and in vitro tests for
CMI afford an indication of immunity.

LLocarn IMMuUNITY

The concepr of local immunity, proposed by
Besredlka (1919-24), has Ha'tnrd im}'mrtam.:t: in the
treatrnent of infections which are localised or where
it s operative in combating infection at the site of
primary entry of the pathogen. In poliomyelitis, for
instance, systemic immunity provided by active
immunisation with the killed vaccine neutralises
the virus when it enters the bloodstream, bur it
does not prevent multiplication of the virus at the
site of entry (the gut mucosa) and its fecal shedding,
Thas is achieved by the local intestinal immunity
acquired either as a result of narural infection or
unmumisanion with the live oral vaceine. In
influenza, immunisation with the killed vaccine
E].llﬂit'.'i- d humural lﬂfihﬂd}' T:ﬁpﬂnﬁ:. Bl.“' t]'ll:
antibody titre in respiratory secretions is often not
high enough to prevent infection. Natural infection
or the live virus vaccine administered intranasally
provides local immunity. A special class of
immunoglobulins (IgA) forms the major
component of local immumnity.

One type of IgA antibody called secretory IgA
15 produced locally by plasma cells present on
mucosal surfaces or in secretory glands. There
appears to be a selective transport of such antibodies
between the various mucosal surfaces and secretory
glands. Thus, following intestinal exposure to an
antigen, the specific IgA antibody and the plasma
cells forming such an antibody can be demonstrated
in breast milk. This indicates the existence of a
common mucosal or secretory immune system.

Besides providing local defence against
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microorganisms, the mucosal immune system may

also be involved in handling vanous antigens that

may come into contact with mucosal surfaces from

the external environment or through food.
Herp [myvuNiTy

This refers to the overall level of immunity in a

community and is relevant in the control of epidemic
diseases. When a large proportion of mdmviduals in a

community (herd) are immune tw a pathogen, the
herd immunity to the pathogen is satistactory. When
herd NIy 15 fow; cpidcmicq Are lih:l_v toy OCCur
on the introduction of a suitable pathogen, due to the
presence of large numbers of susceptible individuals
i the community. Eradication of commumicable
diseases depends on the development of a high level
of herd immunity rather than on the development of
a hugh level of unmunity i individuals,
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Antigens

An antigen has been defined as any substance
which, when introduced parenterally into the body,
stimulates the production of an antibody with which
it reacts specifically and in an observable manner.
This traditional description of an antigen is no
longer comprehensive enough in the light of current
concepts about the immune response. Some antigens
may not induce antibodies but may sensitise specific
lymphocytes leading to cell mediated immunity or
'IT.IE.:r' LS immun:}lugica.l t{:lll:mnl'_'l:-

The word ‘parenteral’ {meaning, outside the
intestinal tract) 15 used in the definition because
orally admainistered antigens are usually denatured
by digestive enzymes and their antigenicity
destroyed, so that no antibody formation takes place.
When given parenterally, antigens do nat undergo
any such inactivation and can induce antibody
production. However, there are exceptions and some
antigens can be immunogenic when given orally,
such as oral vaccines,

The word “specifically’ in the definition 1s
important as specificity 15 the hallmark of all
immunological reactions. An annigen introduced
lII.'IT!.I I]"I.E h[]d}" reacts H-Hl}' "u'rllrh l‘hnm: I'.I-H.!TII'L'LI.]ﬂr
inmunocytes (B or T lymphocytes) which carry
the specitic marker for that antigen and which
produce an antibody or cells complementary to that
antigen only. The antibody so produced will react
L'II‘.IJ.}" with that Far'ti-;:ular anﬁg:n and with no other,
thnugh immunnlugical Cross reaction may ocour
between closely related antigens.

The two attributes of antigenicity are (1)
induction of an immune response (immuno-
genicity), and (2) specific reaction with antibodies

or sensitised cells (immunological reactivaty). Based
on the ability to carry out these two functions,
antigens may be classified into different types. A
complete antigen is able to induce antibody
formation and produce a specific and observable
reaction with the antibody so produced. Haptens
are substances which are incapable of inducing
antibody formation by themselves but can react
specifically with antibodies. (The term hapten s
derived from the Greek haptein which means ‘to
tasten’.) Haptens become immunogenic (capable of
inducing antibodies) on combining with a larger
molecule carrier. Haptens may be complex or
simple; while complex haptens can precipitate with
specific antibodies, simple haprens arc
nonprecipitating. They can inhibit precipitation of
specific antibodies by the corresponding antigen
or complex hapten. Complex and simple haptens
have been described as polyvalent and univalent,
respectively, since it 15 assumed that precipitation
requires the antigen to have two or more antibody
combining sites.

The smallest unit of antigenicity is known as
the antigenic determinant or epitope. The epitope
5 that small area on the antigen, usually consisting
‘Ulf I'-I'JIJI or E'I-"I: aminnacid 0r mnnnsaccharid:
residues, possessing a specific chemical structure,
electrical charge and steric (spatial) configuration,
capable of sensitising an immunocyte and of
reacting with its complementary site on the specific
antibody or T-cell receptor. Epitopes may be present
as a single linear segment of the primary sequence
(sequennal or linear epitope} or formed by bringing
together on the surface residues from different sites
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of the peptide chain during its folding into the
H:rl:'l.m]r structure (conformational cpitupt]. T cells
recognise sequential epitopes, while B cells identify
the tertiary configuration of the conformational
:Pitupﬁ, The cnml:h'ming area on the am:i'l:mdy
molecule, currcﬁpundin.g to the epitope, is called
the paratope. Epitopes and paratopes determine the
specificity of immunological reactions. Antigens such
as bactena or viruses carry many different types of
epitopes, presenting an antigenic mosaic. The presence
of the same or similar epitopes on different antigens
accounts for one type of antigenic cross- reaction.

ANTIGENICITY

A number of properties have been identified which
make a substance antigenic but the exact basis of
antigenicity is still not clear.

Size: Antigemicity is related to molecular size. Very
large molecules, such as hemocyanins (MW 6.75
million), are highly antigenic and particles with
low molecular weight (less than 5000} are
ﬂﬂ-ﬂﬂnﬁgﬂ:rﬂﬂ or 'FEEhI:r’ S0 Lm-.r ]'I'Iﬂ-].ECLIIII 'W'EIIEI'.II
substances may be rendered antigenic by adsorbing
them on large inert particles such as bentonite or
kaolin. Some low molecular weight substances
(such as picryl chloride, formaldehyde and
penicillin} may be antigenic when applied on the
skin, probably by combining with tissue proteins.
They are haptens of low immunogenicity, effective
in some persons only and related ro hypersensitivity.
Chemical nature: Most naturally occurring
antigens are proteins and polysacchanides. Lipids
and nucleic acids are less antigtn'u:. Their
antigenicity is enhanced by combination with
proteins. A certain degree of structural diversity is
required for antigenicity. That probably explains
why proteins which are composed of abour 20
different aminoacids are better antigens than
Pﬂi}'sacthﬂl’idti W].'IIIEI'l 11‘3.'“':‘ CI'I'.I.I}" fﬂur or E“"'ﬂ
monosaccharide units. However, not all proteins
are antigenic. A well-known exception is gelatin,
which is nonimmunogenic because of its structural
unstability.

DETERMINANTS OF

Susceptibility to tissue enzymes: Only
substances which are metabolised and are
susceptible to the action of tissue enzymes behave
as antigens. Antigens introduced into the body are
degraded by the host into fragments of appropriate
size containing the antigenic determinants.
P‘l‘mgm:}rtmis and intracellular enzymes appear to
Pla}' an essential role in hr:aking down antigens
into immunogenic fragments. Substances
unsusceptible to tissue enzymes such as polystyrene
latex are not antigenic. Substances very rapidly
broken down by tissue enzymes are also not
antigenic. Synthetic polypeptides, composed of D-
aminoacids which are not metabolised in the body,
are not antigenic, while polypeptides consisting of
L-amincacids are antigenic.

Foreignness: Only antigens which are ‘foreign’
to the individual {nonself) induce an 1mmune
response. |he animal body contains numerous
antigens which induce an immune response when
introduced into another individual or species. An
individual does not normally mount an immune
response against his own normal constituent
antigens. This was first recognised by Ehrlich who
proposed the concept of *horror autotoxicus' (which
means fear of self-poisoning). Tolerance of self
antigens is conditioned by contact with them during
the development of the immune apparatus.
Breakdown of this homeostatic mechanism results
in autoimmunisation and autoimmune disease.

In general, the antigenicity of a substance is
related to the degree of its foreignness. Antigens
from other individuals of the same species are less
antigenic than those from other species. Antigens
from related species are less antigenic than those
from distant species.

Antigenic specificity: The basis of antigenic
specificity is stereochemical, as was first
demonstrated by Obermayer and Pick and
confirmed by Landsteiner. Using haptens such as
atoxyl coupled with protein, it was shown that
antigenic specificity is determined by single
chemical groupings and even by a single acid
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radical. The importance of the position of the
antigenic determinant group in the antigen
molecule was evidenced by the differences in
specificity in compounds with the group artached
at the ortho, meta or para posinons. The influence
of spatial configuration of the determinant group
was shown by differences in antigenic specificity
of the dextro, levo and meso isomers of substances
such as tartaric acid.

Antigenic specificity is not absolute. Cross
reactions can occur berween antigens which bear
stereochemical similarities. In some instances,
apparent cross reactions may actually be due to the
sharing of identical antigenic determinants by
different antigens.

The specificity of natural tissue antigens of
animals may be considered under different categories
as species, iso-, auto- and organ specificities.
Species specificity: Tissues of all individuals
in a species contain species-specific antigens. There
exists some degree of cross-reaction between
antigens from related species. This immunological
IEIIﬁDTIEl'IiF I'I'E.I'BHE'JE ph}‘lng‘:nﬂic I'EIE.ﬁDI.'IE-l'IiPE- It
has been used in tracing evolutionary relationships
between species. It also has forensic applications
in the identification of the species of blood and of
Etmiﬂll Efﬂi]‘ls- Ph}'li]g:ﬂttil’ n:]al"mns.hip:i darc
reflected in the extent of cross reaction between
antigens from different species thar cause
hypersensitivity. An individual sensitised to horse
serum will react with serum from other equines
but may not do so with bovine serum.
Isospecificity: Isoantigens are antigens found
in some but not all members of a species. A species
may be grouped depending on the presence of
different 1soantigens in its members. The best
examples of isoantigens are the human erythrocyre
antigens based on which individuals can be
classified into different blood groups. These are
genetically determined. They are of clinical
importance in blood transfusion and in
isoimmunisation during pregnancy. They were of
help in determining disputed paternity cases, but

have been supplanted by the more discriminatory
DNA fingerprinting tests. Blood groups find
application in anthropology.

Histocompanbility antigens are those cellular
determinants specific to each indmadual of a species.
They are recognised by genetically different
individuals of the same species when artempts are
made to transfer or transplant cellular material from
one individual to another (described in Chapter
15).

Autospecificity: Autologous or self antigens
are ordinanly nonantigenic but there are exceptions,
Sequestrated antigens that are not normally found
free in circulation or tissue fluds (such as eye lens
protein normally confined within its capsule) are
not recognised as self antigens. Similarly, antigens
that are absent during embryonic life and develop
later (such as sperm) are also not recognised as self
antigens.

Organ specificity: Some organs, such as the
brain, kidru:}r and lens protein of different Sprecies,
share the same antigen. Such antigens, characteristic
IJI'- Al QEEFan Or DI.EE'LI.E EI'.Id 'Fﬂ'LLFId in diﬁ-':l'l:ﬂt EFEClIEE,
are called organ specific antigens. The
neuroparalytic complications following antirabic
vaccination using sheep brain vaccines are a
consequence of brain specific antigens shared by
sheep and human beings. The sheep brain antigens
induce immunological response in the vaccinees,
damaging their nervous tissue.

Heterogenetic (heterophile) specificity:
The same or closely related antigens may sometimes
occur.in different biological species, classes and
kingdoms. These are known as heterogenetic or
heterophile antigens, best exemplified by the
F\'_'IIESITI.HTI. Hl'ltllg_'tﬂ WI'.Ii.E]'I II5 i H'Flid Eﬂfhﬂh}'drﬂtl:
complex widely distributed in many animals, birds,
plants and bacteria. It is absent in rabbits, so anti-
Forssman antibody can be prepared in these
animals. Other h:ttruphill: antigens are rl:spnnsihlc
for some diagnostic serological reactions in which

antigens unrelated to etiological agents are employed
{h:t:ruphil: reaction). The Weil-Felix reaction in
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typhus fever, the Paul Bunnel test in infectious
mononucleosis and the cold agglutinin test in
primary atypical pneumonia are examples.

BioLocicar CLASSES OF ANTIGENS

Depending on their ability to induce antibody
formation, antigens are classified as T cell dependent
{(TI) and T cell indcptnd:nt (ThH antigens.
Antibody production is the property of B
lymphocytes. For the full expression of this function,
however, the cooperation of T lymphocytes is
necessary. Some antigens can directly stimulate
antibody production by B cells, withour the apparent
participation of T cells. Such antigens are called T1T
antigens. Others that require T cell participation to
generate an immune response are called T antgens.

Sl:'l."l:r:ll impnrl‘:ant d'lﬂ-'l:n:nl:l:i Er.i.ﬁt hl:t‘l.w:l:n
TT and TD antigens, TT antigens are structurally
simple, being composed of a limited number of
:rl::pl:ating 'Er.llltﬂ}'ﬂ:ﬁ, s lIl'.l T]'l.l: LdhE ﬂf- r]"“:

pneumococcal capsular polysaccharide, bacterial
lipopolysaccharides and the flagellar protein
flagellin. Their immune response is critically dose
dependent. Too little is nonimmunogenic, while too
much results in immunoclogical tolerance rather
than immunity. Their antibody response is usually
limited to lgM and IgG3. They do not show
inmunological memory. T antigens do not appear
to require preliminary processing by macrophages.
They are metabolised very slowly and remain in
the body for long periods.,

TD antigens, on the other hand, are structurally
oS ED'I.'I'.IP]JI'_'[.' !"ll.'l.Eh d5 ‘EI'}'T]'IIT.I'E}"['E, SCTUn I]Tﬂfl:ll'lﬁ
and a variety of protein—hapten complexes. They
are immunogenic over a wide dose range and do
not cause tolerance readily. They induce the full
gamut of immunoglobulin isotypes—Igh, IgG, IgA
and IgE. They show immunological memory,
require preliminary processing, and are rapidly
metabolised in the body.

Further Keading
Weir DM and | Stewart 1997, Immunology. Sth edn. Edinburgh: Churchill Livingstone,
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immunoglobulins, but all immunoglobulins may not
be antbodies.

Immunoglobulins constitute 20-25 per cent of
the total serum proteins. Based on physicochemical
and antigenic differences, five classes of
immunoglobuling have been recognised—IgG, IgA,
1gM, TgD and IgE. (Both Ig and y are accepted
abbreviations for immunoglobulins).

STRUCTURE
Studies involving the cleavage of the
immunoglobulin molecule, poineered by Porter,
Edelman, Nisonoff and their colleagues, have led
to a detailed picture of its structure. Rabbir 1gG
antibody to egg albumin, digested by papain in the
presence of cysteine, was split into two fractions—
an insoluble fraction which crystallised in the cold
(called Fe for crysrallisable), and a soluble fragment
which, while unable to precipitate with egg
albumin, could stll bind with it. This fragment is

L-CHAIN

B5

called the Fab (antigen binding) fragment. Each
molecule of immunoglobulin is split by papain into
three parts, one Fc and two Fab pieces, having a
sedimentation coefficient of 3.5 5. When treared
with pepsin, a 5 5 fragment 1s obtained, which is
composed essentially of two Fab fragments held
together in position. It is bivalent and precipitates
with the antigen. This fragment is called Flab)2.
The Fc portion 1s digested by pepsin into smaller
fragments (Fig, 12.2).

Immunoglobulins are glycoproteins, each
molecule consisting of two pairs of polypeptide
chains of different sizes. The smaller chains are
called ‘light’ (L) chains and the larger ones "heavy’
(H) chains. The L. chain has a molecular weight
of approxamately 25,000 and the H chain of 50,000.
The L chain is attached to the H chain by a
disulphide bond. The two H chains are joined
together by 1-5 5-5 bonds, depending on the class
of immunoglobulins (Fig. 12.3).

g_ H-CHAIN
4 c
N {Carboxyterminus)

{Aminoterminus)

PAPAIN
PEPSIN

s

+ 3

o
e/
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+
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e
—1
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Flab);

Fig. 12.2 Basic structure of an immunoglobulin molecule and the fragments obtained by the cleavage by

papain and pepsin '
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The H chains are structurally and antgenically
distinct for each class and are designated by the
G‘I'ﬂk. Im:l’ ﬂmﬂﬁ?:lﬂd.lng ti d'.l.l: Immunﬂ“lﬂh’l.llﬂ:l

class as shown below:

Immunoglobulin class H r:ﬁun

IgG ¥ {Ean:lmi}

IzgA @ (alpha)

IgM W (mu)

IgD & (delta)
IgE £ {epsilon)

The L chains are similar in all classes of
immunoglobulins. They occur in two varictics,
kappa (x) and lambda (X). A molecule of
immunoglobulin may have either kappa or lambda
chaing, but never both together. Kappa and lambda
are named after Korngold and Lapart who originally
described them. The kappa and lambda chains occur
in a ratio of about 2:1 in human sera.

The antigen combining site of the molecule is
at its aminoterminus. It is composed of both L and
H chains. Studies on the primary structure of L
and H chains show that they consist of two portions
each. Of the 214 aminoacid residues that make up
the L chain, about 107 that constitute the
carboxyterminal half, occur only in a constant
sequence. This part of the chain is therefore called
the ‘constant region’. Only two sequence patterns
are seen in the constant region — those determining
the kappa and fambda specificities. On the other
hand, the aminoaad sequence in the aminotermnal
half of the chain is highly vanable, the variability
determining the immunological specificity of the
antibody molecule. It is therefore called the ‘variable
region’. The H chain also has 'constant’ and ‘variable’
regions. While in the L chain the two regions are of
equal length, in the H chains the variable region
constitutes approximately only a fifth of the chain and
is located at its aminoterminus. The infinite range of
on the vanability of the aminoacd sequences at the
“vanable regions’ of the H and L chains which form
the antigen combining sites.

Antigen combining site

Fig.12.3 The four-peptide chaln slructure ol the IgG
molaciute composad af two identical heavy (M) and
iwo iaentical ight (L) chains linked by mterchams
gisuiphide bohnds. Loops formed by intrachain
disulphide bonds are domains (shown stippled)
Each ehain has one domain In the varlable reglon
{VH and VL). Each light chain has ong domain in
the conslanl reglon (CL) while gagh heavy chain
has three domaing in the constant reglon (CH', CH
ant CHY). Beltween CH' and CH" & the hings region.
The aminoacid sequences of the vanable regions

of the L and H chains are not uniformly variable

along their length, but consist of relatively invariable
and some highly variable zones. The highly variable

zones numbering three in the L and four in the H

chains are known as hypervaniable regions (or hot

spots) and are involved with the formation of the
antigen binding sires. The sires on the hypervariable

'Ttglnn.li that make actual contact with the epitope

are called 'complementarity determining regions
or CDHRs,

T]u.‘ .F'L' I:-I':Lg[l'lﬂl'l.l i.‘| l..'L'II'l'I:I.JD.‘iEI.'! ﬂl: l']'I.E
:.:u‘hm:.—'h:ml.'ma! purtiurt of the H chans It does
not possess antigeén combining activity bux
determines the bislogical properties of the
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immunoglobulin molecule such as complement
ﬁxﬂtiﬂﬂ, Fiﬂ.ﬂfnfﬂl tl.'ﬂﬂﬁ'r:]', Eul'l. ELHItiﬂ‘ﬂ ll'l.d.
catabolic rate. The portion of the H chain present
in the Fab fragment is called the Fd piece. The H
chain carries a carbohydrate moiety which is distinct
for each class of immunoglobulins.

Each immunoglobulin peptide chain has
internal disulphide links in addition to interchain
disulphide bonds which bridge the H and L chains.
These interchain disulphide bonds form loops in
the peptide chain, and each of the loops is compactly
folded to form a glnhu]:: domain, each domain
having a separate function. The variable region
domains, VL and VH, are responsible for the
formation of a specific antigen binding site. The
CH? region in IgG binds Clq in the classical
complement sequence, and the CH" domain
mediates adherence to the monocyte surface. The
areas of the H chain in the C region between the
first and second C region domains (CH' and CH?Y)
is the hinge region. It is more flexible and is more
exposed to enzymes and chemicals. Papain acts here
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IMmMUNOGLOBULIN CLASSES

Human sera contain IgG, IgA, 1gM, IgD and IgE
in the descending order of concentration. Table

12.1 shows their characteristics.

[gG: This is the major serum immunoglobulin,
constituting about 80 per cent of the total. It has a
molecular weight of 150,000 (75). IgG may
occasionally exist in a polymensed form. It 1s
distributed approximately equally between the
intravascular and extravascular compartments. It
contains less carbohydrate than other
immunoglobulins. It has a half<life of
aPFmJ::antcl]r 23 -EII.}"E. The catabolism ::rfIgG 15
unique in that it varies with its serum concentration.
When its level is raised, as in chronic malana, kala
azar or myeloma, the IglG synthesised against a
particular antigen will be catabolised rapidly and
may result in the particular antibody deficiency.
Conversely, in hypogammaglobulinemia, the IgG
given for treatment will be catabolised only slowly.
The normal serum concentration of IgG is about

to produce one Fc and two Fab fragments (Fig. B-16 mg per ml . .
12‘3}‘ IEG 15 'Il'l: -I:II'.IJ.}" I'I'.I.i.'I:I:IT.I.l!I lmmu.rmglnhl.ﬂsn l‘hﬂl:
Table 12.1 Some properties of immunoglobulin classes
IgG IgA* IgM IgD IgE
Sedimentation coefficient (S) 7 7 19 7 8
Maolecular weight 150,000 160,000 900,000 180,000 1%0,000
Serum concentration {mg/ml) 12 2 1.2 0.03  0.00004
Half life (days) 23 [ 5 2-8 1-5
Daily production (mg/kg) 314 24 3.3 0.4  0.0023
Intravascular distribution (per cent) 45 42 BO 75 50
Carbohydrate (per cent) 3 & 12 13 12
Complement fixation
Classical ++ - he =
Alternative = + - -
Placental transport + - = - -
Present in milk + + - - -
Selective secretion by
seromucus glands - . - e -
Heat stability (56 =) + + " + -

* lgh may occur in TS5, 95 and 115 forms.
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1s normally transported across the placenta and
provides natural passive immunity in the newborn.
It is not synthesised by the fetus in any significant
amount. IgG binds to microorganisms and enhances
their phagocytosis. Extracellular killing of target
cells coated with IgG antibody is mediated through
recognition of the surface Fe fragment by K cells
beaning the appropriate receptors. Interaction of 1gG
complexes with platelet Fc receptors probably leads
to aggregation and vasoactive amine release. IgG
alone, among human immunoglobuling, can fix itself
to guinea pig skin, but the significance of this
property is not known. IgG participates in most
immunological reactions such as complement
fucation, precipitation, and neutralisation of toxns
and viruses. It may be considered a general purpose
antibody, protective against those infectious agents
which are active in the blood and tissues. Passively
administered IgG suppresses the homologous
antibody synthesis by a feedback process. This
property is utilised in the isoimmunisation of women
by the administration of anti-Rh(D) IgG during
delivery. With most antigens, Ig(s is a late anubody
and makes its appearance after the initial immune
response which is [gM in nature.

Four subclasses of 1gc have been recognised

(IgG1, 1gG2, 1gG3, IgG4), each possessing a
distinct type of gamma chain, identifiable with
specific antisera. The four IgG subclasses are
distributed in human serum in the approximarte
proportions of 65 per cent, 23 per cent, 8 per cent
and 4 per cent, respectively.
[gA: IgA is the second most abundant class,
constituting about 10-13 per cent of serum
immunoglobulins. The normal serum level is 0.6~
4.2 mg per ml It has a half life of 6-8 days. It is
the major immunoglobulin in the colostrum, saliva
and tears.

IgA occurs in two forms. Serum IgA is
principally a monomeric 75 molecule (MW about
- 160,000). IgA found on mucosal surfaces and in
secretions is a dimer formed by two monomer units
joined together at their carboxyrerminals by a

glycopeptide termed the J chain (] for joining).
This is called the secretory IgA (SIgA). Dunen:
SlgA is synthesised by plasma cells simuared near
the mucosal or glandular epithelium. The | chain
is also produced in the same cells. ] chains are
present also in other polymenc immunoglobulins
such as IgM (Fig. 12.4).

SlgA contains another glveine rich polypeptide
called the secretory component or secretory piece.
This is not produced by lymphoid cells but by
mucosal or glandular epithelial cells. Dimeric IgA
binds to a receptor on the surfuce of the epithelial
cells and is endocytosed and rransported across the
cells to the luminal surface. During this process, a
part of the receptor remains attached to the IgA
dimer. This part is known as the secretory
component. The secretory piece is believed to
protect IgA from denaturation by bacterial
proteases in sites such as the intestinal mucosa
which have a rich and vanied bacterial flora. SIgA
is a much larger molecule than serum IgA (115;
MW about 400,000).

SIEA. iﬁ Eﬂlﬂcﬁ“l}' I.'I::l!'l‘l_'l:ﬂffi'ltf_'i:l iI'I. 3:mtiﬂﬂ=

.;.Illll: |.I|I' I|II :.I|II.:-I|||I:.=|I;I; I|III; I

Fig. 124 Secretory IgA. 1. Heavy chain. 2. Light chain.
3. J chain. 4. Em:ntury componant. 5. Disulphide

bond
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and on mucus surfaces forming an ‘antibody paste’
and 15 believed to play an important role in local
immunity against respiratory and intestinal
pathogens. Secretory IgA is relatively resistant to
the digestive enzymes and reducing agents. IgA
antibodies may function by inhibiting the adherence
of microorganisms to the surface of mucosal cells
by covering the organisms and thereby preventing
their entry into body tissues. IgA does not fix
complement but can activate the alternative
complement pathway. It promotes phagocytosis and
intracellular killing of microorganisms.

Two IgA subclasses have been described, IgA,
and IgA.. IgA  lacks interchain disulphide bonds
berween the heavy and light chains. Though IgA,
is a minor component of serum IgA, it is the
dominant form in the secretions.

[gM: IgM constitutes 5-8 per cent of serum
immunoglobulins, with a normal level of 0.5-2 mg
per ml. It has a half-life of about five days. Iris a
heavy molecule (195; mol. wr 900,000 ro 1,000,000,
hence called ‘the millionaire molecule”). IgM
molecules are polymers of five four-peptide subunits,
each bearing an extra CH domain (Fig. 12.5). As
with IgA, polymerisation of the subunits depends
upon the presence of the ] chain. Though the
theoretical valency is ten, this is observed only with
small haptens, With larger antigens, the effective
valency falls to five, probably due to steric hindrance.
Most of 1gM (80 per cent) is intravascular in
distribution. Phylogenetically, IgM is the oldest
immunoglobulin class. It is also the earliest
immunoglobulin to be synthesised by the fetus,
beginning by about 20 wecks of age. As it is not
transported across the placenta, the presence of Igh
in the fetus or newborn indicates intrauterine
infection and its detection is useful in the diagnosis
of congenital infections such as syphilis, rubella,
HIV infection and toxoplasmosis. IgM antibodies
are relatively short lived, disappearing earlier than
IgG. Hence, their demonstration in serum indicates
recent infection. Treatment of serum with 0.12M
2-mercaptoethanol selectively destroys IgM

Fig. 12.5. IgM molecule. 1. Heavy chain. 2. Light.

3. J chain.
without affecting lgG antibodies. This is a simple
method for the differential estimation of IgG and
Ighl antibodies.

The isohemagglutinins (anti-A, anti-B) and
many other natural antibodies to microorganisms
are usually IgM, as also antibodies to typhoid 'O’
antigen (endotoxin) and reagin antbodies in
syphilis.

The unique structural features of IgM appear
particularly suited to the biclogical role of
providing protection against microorganisms and
other large antigens that have repeating antigenic
determinants on their surface. A single molecule
of IgM can bring about immune hemolysis,
whereas 1000 IgG molecules are required for the
same effect. IgM is also 500-1000 times more
effective than Ig(s in opsonisanion, 100 tmes more
cffective in bactenicidal action and about 20 tmes
in bacterial agglutination. In the neutralisation of
toxins and viruses, however, 1t 15 less active than
1gG. Being largely confined to the intravascular
space, IgM is believed to be responsible for
protection against blood invasion by
microorganisms. [gM deficiency is often associared
with septicemnias.

Monomeric IgM is the major antibody receptor
on the surface of B lymphocytes for antigen
recognition,
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Lglx: Igl) resembles IgG structurally. It is present
in a concentration of about 3 mg per 100 ml of
serum and is mostly intravascular. It has a half~life
of about three days. IgD) and IgM occur on the
surface of unstimulated B lymphocytes and serve
as recognition receptors for antigens. Combinanon
of cell membrane bound IgD or IgM with the
corresponding antigen leads to specific stimulation
[JF tl"l’: B L'l."l]_ﬂll'[htf ﬂ.l:'[:i'l'ﬂ.tiﬂl'l H]"I.I'j. L'Iﬂ-ﬂil'lg fo
prndun:l: antih::u:l:.-', OF SUPPICSSIOn.

gE: This immunoglobulin was discovered in 1966
by [shizaka during the investigation of atopic reagin
antihodies. It 15 an 88 molecule (MW about
190,000}, with a half life of abour two days. It
resembles IgG structurally. Ir exhibits unique
properties such as heat labality {inactivared at 56 °C
in one hour) and affinity for the surface of tissue
cells (particularly mast cells} of the same species
(homocytotropism), It mediates the Prausnirz—
Kustner reaction. It is susceprible to
mercaptoethanol. It does not pass the placental
barrier or fix complement. It is mostly extravascular
in distnbunon. Normal serum contains only traces
{a few nanograms per ml) but greatly elevated levels
are seen n atopic (type 1 allergic) conditions such
as asthma, hay fever and eczema. Children living
in insanitary conditions, with a high load of
intestinal parasites, have high serum levels of IgE.

IgE is chiefly produced in the linings of the
respiratory and intestinal tracts, IgE deficiency has
been associated with IgA deficiency in individuals
with impaired immunity who present undue
susceptibility to infection.

Igk is responsible for the anaphylactic type of
hypersensitivity. The physiological role of IgE
appears to be protection against pathogens by mast
cell degranulation and release of inflammatory
mediators. It is also believed to have a sp:cia[ role
i defence against helminthic infections.

In general, IgG protects the body thuds, IgA the
body surfaces and IgM the bloodstream, while IgE
mediates reaginic hypersensitivity. IgDD is a recognition
molecule on the surface of B lymphocytes.

ABNORMAL ITMMUNOGLOBULING

Apart from antibodies, other structurally similar
proteins are seen in serum in many pathological
processes, and sometimes cven in healthy persons.
The earliest deseription of an abnormal
immunoglobulin was the discovery by Bence Jones
(1847) of the protein that bears his name. Bence
Jones protein is found typically in multiple
myeloma. It can be identified-in urine by its
charactenstic property of coagulanon when heated
to 50 *C but redissolving at 70 °C. Bence Jones
proteins are the light chains of immunoglobulins
and so may occur as the kappa or lambda forms.
But in any one patient, the chain is either kappa or
fambds only, and never both, being uniform in all
other respects also. This is because myeloma is a
plasma cell dyscrasia in which there is unchecked
proliferation of one clone of plasma cells, resulting
in the excessive production of the particular
immunoglobulin synthesised by the clone. Such
immunoglobulins are, therefore, called monoclonal.

Multiple myeloma may affect plasma cells
synth:sising IEG, Igﬂ, IgD or IEE. Similar
involvement of IgM producing cells is known as
Waldenstrom’s macroglobulinemia, In this
condition, there occurs excessive production of the
respective myeloma proteins (M proteins) and of
their light chains (Bence Jones proteins). A different
disorder is found in ‘heavy chain disease’, which is
i lj-'rnplluid n:uplasia characterised b}' the
overproduction of the Fe parts of the immuno-
Eluhulin h:m'}r chains.

Cryoglobulinemia is a condition in which there
15 the formation of a gel or a precipitate on cooling
the serum, which redissolves on warming,. It may
not always be associated with disease but is often
found in myelomas, macroglobulinemias and
autoimmune conditions such as systemic lupus
erythematosus. Most cryoglobuling consist of either
IgG, IgM or their mixed precipitates.

Because of the monoclonal nature of Bence
Jones and other M proteins, they have been
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valuable models for the uwnderstanding of
immunoglobulin structure and function.

IMMUNOGLOBULIN SPECIFICITIES

The immunoglobulin specificity of the greatest
bioclogical importance 1s idiotypic specibicity
pertaining to the nature of the antigen binding sites
{paratopes). The specific antigenic determinants on
the paratope are called idiotopes. The sum total of
idiotopes on an lg molecule constitutes its idiotype.
By immunisation with Fab fragments,
antiidiotypic antibodies can be produced. These
resemble the epitopes of the onginal antigen. Used
as a vaccine, these show protecrion against the
original antigen (pathogen or tumour) in
experimental animals. Sequential antuidiotypic
antibody formation is the basis of Jerne’s network
hypothesis of immune regulation.
Immunoglobulins exhibit other genetically
determined specificities based on their antigenic
structure. The antigenic specificities which
distinguish berween the different classes and
subclasses of immunoglobulins present in all normal
individuals of a given species are termed isotypic

specificities. Antigenic specificities which
distinguish immunoglobulins of the same class,
between different groups of individuals in the same
species, are called allotypic specificities.

Immunoglobulin allotypes have been studied in
detail in the rabbit and guinea pig by using type-
specific immune sera. Such deliberare immunisation
is not possible in human beings, but antiallotype-
specific antibodies may develop following blood
tranfusion or passage of maternal Ig(s into the fetus.
Antiallotype antibodies are also found in sera
containing ‘rheumatoid arthritis factor’,

Two allotypic systems are known in humans -
the Gm system (for gamma marker) and the InV
system (abbreviation of patient’s name). The Gm
is associated with the Fe portion of the IgG heavy
chain. More than 25 Gm types have been identified
so far. The InV system is associared with the kappa
light chain and so has been renamed Km. Three
Km al]ut}rpcs have been identfied.

Genetic markers associated with IgA are called
‘Am’. To dare, in the human system no allotypic
markers have been found for lambda light chains
or W, & or € heavy chains.

Further Reading

Goodman JW. 1991, Immunoglobulin strecnure and function, 7 edn. In Basic and Clinical Immunology:
Roirt IM and O Delves ed. 1992, Encyclopedia of Immunology: London: Academic Press.



Antigens and antibodies, by definition, combine
with each other specifically and in an observable
manner. The reactions between antigens and
antibodies serve several purposes. In the body, they
form the basis of antibody mediated immuniry in
infectious diseases, or of tissue injury in some types
of hypersensitivity and autoimmune diseases. In
the laborarory, they help hiﬂ'nedingnmis of infections,
in epidemniological surveys, in the identfication of
infectious agents and of noninfectious antigens such
as enzymes. In general, these reactions can be used
for the detection and quantitation of exther anngens
or antibodies. Antigen—antibody reactions in vitro
are known as serological reactions.

The reactions between antigens and antibodies
oceur in three stages. The primary stage is the initial
interaction between the two, without any visible
effects. This reaction is rapad, occurs even at low
peratures and obeys the general laws ﬂfph}'mcai
chemistry and th:rmcrd}'mm:cs The reaction is
reversible, the combination between armgl:n and
antibody molecules being effecred by the weaker
intermolecular forces such as Van der Waal's forces,
ionic bonds and hydrogen bonding, rather than by
the firmer covalent bonding. The primary reaction
can be detected by estimaring free and bound antigen
or antibody separately in the reaction mixwure by a
number of physical and chemical methods,
including the use of markers such as radioactive
sotopes, fluorescent dyes or ferritin,

tem

In most instances, but not all, the primary stage
is followed by the secondary stage, leading to
demonstrable events such as precipitation,
agelutination, lysis of cells, killing of live antigens,

Antigen—-Antibody Reactions

neutralisation of toxins and other biologically active
antigens, foation of complement, immobilisation
of motile organisms and enhancement of
phagocytosis. When such reactions were discovered
one by one, it was believed thar a different type of
antibody was responsible for each type of reaction
and the antibodies came to be designated by the
reactions they were thought to produce. Thus, the
antibody causing agglutination was called
agglurinin, that causing precipitation precipitin, and
so on, and the curn:ipnnding antigen, zggh.rﬁnqgtn,
precipitinogen, and so on. By the 1920s, this view
was replaced by Zinsser's unitarian hypothesis
which held that an antigen gave rise to only one
antibody, which was capable of producing all the
different reactions depending on the nature of the
antigen and the condinons of the reaction. Both
these extreme views are fallacious. While it is true
that a single annbody can cause precipitation,
agglutination and most of the other serological
reactions, it is also true that an antigen can stimulate
the production of different classes of
immunoglobulins which differ in their reaction
capacities as well as in other properties (Table 13.1).

Some anngen-antibody reactions occumng in vivo
initiate chain reactions that lead to neutralisation or
destruction of injurious antigens, or to tissue damage.
These are tertiary reactions and include humonal
immunity against infectious diseaseas as well as clinical

GENERAL FEATURES OF

ANTIGEN-ANTIRODY REACTIONS
Antigen—antibody reactions have the following
general characteristics:
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Table 13.1 Comparative efficiency of the immunoglobulin classes in different serological reactions

Reaction IgG
Precipiration Strong
Agglutination Weak
Complement fixation Strong

1. The reaction is specific, an antigen combining
only with its homologous antibody and vice
versa. The specificity, however, is not absolute
and ‘cross-reactions’ may occur due to antigenic
similarity or relatedness,

2. Entire molecules react and not fragments. When
an antigenic determinant present in a large

particle reacts with
its antibody, whole molecules or particles are
agglutinated.

3. There is no denaturation of the antigen or the
antibody during the reaction.

4. The combination ocours at the surface. Therefore,
it 15 the surface antigens that are
immunologically relevant. Antibodies to the
surface antigens of infectious agents are
generally protective,

5. The combination is firm but reversible. The
firmness of the union is influenced by the affinity
and avidity of the reaction. Affinity refers to the
intensity of attraction between the antigen and
antibody molecules. It is a function of the
closeness of fit between an epitope and the
antigen combining region of its antibody.
Awidity 15 the strength of the bond after the
formation of the antigen—antibody complexes.
It reflects the overall combining property of the
various antibody molecules in an antiserum,
possessing different affinity constants with the
multiple epitopes of the antigen.

6. Both antigens and antibodies participate in the
formation of agglutinates or precipitates.

7. Antigens and antibodies can combine in varying
proportions, unlike chemicals with fixed
valencies. Both antigens and antibodies are
multivalent. Antibodies are generally bivalent,

molecule or on a ‘carrier’

IgM IgA
Weak Variahle
Strong Maoderate
Weak N:Eitiﬂ:

though IgM molecules may have five or ten
combining sites. Antigens may have valencies
upto hundreds.

MF-.—L'*H'HIE.\-IF-‘-"I' 0OF ANTIGEN AND
ANTIRODY

Many methods are available for the measurement
of antigens and antibodies participating in the
primary, secondary or tertiary reactions.
Measurement may be in terms of mass (for example,
myg nitrogen) or more commonly as units or titre.
The antibody titre of a serum is the highest dilution
of the serum which shows an observable reaction
with the antigen in the particular test. The titre of
a serum is influenced by the nature and quantity of
the antigen and the type and conditions of the test.
Antigens may also be ritrated against sera.

Two important parameters of serological tests
are sensitivity and specificity. Sensitivaty refers to
the ability of the test to detect even very minute
quantities of antigen or antibody. When a test is
highly sensitive, false negative results will be absent
or minimal. Specificity refers to the ability of the
test to detect reactions between homologous
antigens and antibodies only, and with no other. In
a highly specific test, false positive reactions are
absent or minimal. In general, sensitivity and

specificity of a test are in inverse proportion.

'Driginaﬂ}r, reagents for ﬁl:rulug'l:al tests were
prepared by individual laboratories, leading to batch
variation, and lack of reproducibility and
comparability. The commercial availability of
ready-made standardised test kits has simplified test
procedures, improved quality and greaty enlarged
their scope and use.
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SEROLOGICAL REACTIONS

PrECIPITATION REACTION

When a soluble antigen combines with its antibody
in the presence of electrolytes (NaCl) at a suitable
temperature and pH, the antigen—antibody complex
forms an insoluble precipitate. When, instead of
sedimenting, the precipitate remains suspended as
floceules, the reaction is known as flocculation.
Precipitation can take place in liquid media or in
gels such as agar, agarose or polyacrylamide.

The amount of precipitate formed is greatly
influenced by the relative proportions of antigens
and antibodies. 1f increasing quantities of antigens
are added to the same amount of antiserum in
different tubes, precipitation will be found to occur
maost rapidly and abundantly in one of the middle
tubes in which the antigen and antibody are present
in optimal or equivalent proportions. In the
preceding tubes in which the antibody is in excess,
and in the later tubes in which the antigen is in
excess the precipitation will be weak or even absent.

For a giw:n anﬁgcn—anﬁbnd}r system, the -D-pl‘.'lmal
or equivalent ratio will be constant, irrespective of
the quantity of the reactants. If the amounts of
precipitate in the different tubes are plotted on a
graph, the resulting curve will have three phases:
an ascending part (prozone or zone of antibody
EHEEES'J. a Ptak {Iﬂl'l.l:' ﬂf- t'ill]]'l-'H]L'r'lL'L'.: a“d - |
descending part (postzone or zone of antigen excess)
{Fig, 13.1). Thus 15 called the zone phenﬁmmnn.
Zoning occurs in agglutination and some other
serological reactions. The prozone is of importance
in clinical serology, as sera rich in antbody may
sometimes give a false negative precipitation or
agglutination result, unless scveral dilutions are
tested.

MECHANISM OF PrRECIPITATION
Marrack (1934) proposed the lattice hypothesis to
explain the mechanism of precipitation. According
to this concept, which is supported by considerable
experimental evidence and is now widely accepted,

multivalent antigens combine with bivalent
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Fig. 13.1 A quantitalive precipitation test showing: A. prozone (zone of antibody excess), B. zone of

equivalence, C. zone of antigen excess
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antibodies in varying proportions, depending on the
antigen—antibody ratio in the reacting mixture.
Precipitation results when a large lattice 15 formed
consisting of alternating antigen and antibody
molecules. This is possible only in the zone of
equivalence. In the zones of antigen or antibody
excess, the lattice does not enlarge, as the valencies
of the antibody and the antigen, respectively, are
fully satisfied (Fig. 13.2) The lattice hypothesis
holds good for agglutination also.

APPLICATIONS OF PRECIPITATION
REACTION

The precipitation test may be camed out as either a
qualitative or quantitative test. [t is very sensitive in
the detection of antigens and as little as 1 pg of protein
can be detected by preapitation tests. It therefore finds
forensic application in the identification of blood and
serninal stains, and in testing for food adulterants.
Precipitation is relatively less sensitive for the detection
of antibodies.

Antibody reactions » 95
The following types of precipitation and
flocculation tests are in common use:
Ring test: This, the simplest type of precipitation
test, consists of layering the antigen solution over a
column of antiserum in a narrow tube. A precipitate
forms at the junction of the two liquids. Ring tests
have only a few clinical applications now. Examples
are Ascoli’s thermoprecipitin test and the grouping
of streptococci by the Lancefield technique.
Slide test: When a drop each of the antigen and
antiserum are placed on a slide and mixed by
shaking, floccules appear. The VDRL test for
syphilis is an example of slide flocculation.
Tube test: The Kahn test for syphilis is an
example of a tube flocculation test. A quantitative
tube flocculation test is employed for the
standardisation of toxins and toxoids. Senal dilutions
of the toxin/toxoid are added to the tubes containing
a fixed quannty of the antitoxin. The amount of
toxin or toxoid that flocculates optimally with one
unit of the antitoxin is defined as an Lf dose.

TEXTHOOK OF MICROBIOLOGY
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Fig. 13.2 Mechanism of precipitation by lattice formation. In A (antigen excess) and C (antibody excess)
attice formation does not occur. In B (zone of equivalence), lattice formation and precipitation occur optimally
The dark spheres indicate antigen and the spindles bivalent antibody molecules
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Fig. 13.3 Different types of immunodiffusion: 1. Single diffusion in one dimension [Oudin) 2. Double ditfusion
in one dimension (Oakley-Fulthorpe) 3. Radial immunodiffusion 4. Doubla diffusion in two dimensions

[Quehileriony), showing reaction of identity (&), partisl identity or

ralatodness (B), and lEck of refaledenass

(C}. The wells marked S contaln antiserum and unmarked wells contain antigans.

Immunodiffusion (Precipitation in gelk:
There are several advantages in allowing
precipitation to oceur in a gel rather than in a liquid
medium. The reaction is visible as a distinet band
of precipitation, which is stable and can be stained
for preservation; if necessary. As each antigen—
antibody reaction gives rise to a line of precipitation,
the number of different antigens in the reacting
mixture can be readily observed. Immunodiffusion
also indicates identity, cross-reaction and nonidentity
between different antigens.

Immunodiffusion is usually performed in a soft
(1%) agar or agarose gel. Different modifications
of the test are available:

1. Single diffusion in one dimension {Oudin
procedure): The antibody is incorporated in agar
gel in a test tube and the antigen solution is layered
over it. The antigen diffuses downward through
the agar gel, forming a line of precipitation that
appears to move downwards. This is due to the

precipitation formed at the advancing front of the
antigen, and is dissolved as the concentration of
antigen at the site increases due to diffusion, The
number of bands indicates the number of different
antigens present.

2. Double diffusion in one dimension (Chardey-
Fuitharpe procedure); Here, the antibody s
incorporated in gel, above which s placed a
column of plain agar. The antigen is lavered on
top of this. The antigen and antbody move
towards each other through the intervening
cobumin of plan agar and form aband |:uf'p!::-:ip'|m|]:
where l]u-:v meet at :.lpiimnm P:’nr.-nr'r';nn,

3. ."‘I-'.'-I:'iff-:' diffircion in two dirmencons {Radal
immunoditfusion): Here the antiserum is
incorporated in agar gel poured on a flat surface
(slide or Petri dish). The antigen is added to the
wells cut on the surface of the gel. It diffuses
radially from the well and forms ring-shaped
bands of precipitation (halos) concentrically
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around the well. The diameter of the halo gives
an estimate of the concentration of the antigen.
Thas method has been employed for the estimation
of the immunoglobulin classes in sera and for
screening sera for antibodies to influeneza viruses,
among others.

4. Double dimensions
(Quchrerlony procedure): This is  the
immunodiffusion method most wadely employed
and helps to compare different antigens and
anfisera d'trl:n:tl}'. .Agar gl:l 15 pﬂurl:d on a shde and
wells are cur using a remplate. The antiserum is
placed in the central well and differen® antigens
in the surrounding wells. If two adjacent antigens
are identical, the lines of precipitate formed by
them will fuse. If they are unrelated, the lines
will cross each other. Cross-reaction or partial
identity is indicated by spur formation (Fig. 13.3).
A special variety of double diffusion in two
dimensions is the Elek rest for toxgenicity in
diphtheria bacilli. When diphtheria bacilli are
streaked at right angles to a filter paper strip
carrying the antitoxin implanted on a plate of
suitable medium, arrowhead shaped lines of
precipitation appear on incubation, if the bacillus
1% LOXIgEnic,

5. Immunoelectrophoresis: The resolving power
of immunodithusion was greatly enhanced when
Grabar and Williams devised the technique of
immunoelectrophoresis. This involves the
electrophoretic separation of a composite antigen
(such as serum) into 1ts constituent pmt:ins,
followed by immunodiffusion against its antiserum,
resulting in separate precipinn lines, indicating
reaction berween each individual protein with irs
antibody. This enables identification and
approximate quantitation of the various ]:m:hl:c'mi
present in the serum. The technique is performed
on agar or agarose gel on a slide, with an antigen
well and an antibody trough cut on it. The test
serum 15 placed in the antigen well and

diffusion in two

wlec tr{:phun:i:d for about an howr. Rntihﬂd}'
against human serum is then placed in the trough

and diffusion allowed to proceed for 18-24 hours.
The resulting precipitin lines can be photographed
and the slides dried, stained and preserved for
record. Owver 30 different proteins can be identified
by this merhod in human serum. This is useful
for testing for normal and abnormal proteins in
serum and urine (Fig. 13.4).
Electroimmunodiffusion: The development
of precipitin lines can be speeded up by electrically
driving the antigen and antibody. Various methods
have been described combining electrophoresis
with diffusion. Of these, one-dimensional double
electroimmunodiffusion ({counterimmuno-
electrophoresis) and one-dimensional single
electroommunodiffusion (rocket electrophoresis)
are used frequently in the clinical laboratory.
1.Counterimmunoelectrophoresis (CIE, counrer-
current immunoelectrophoresis} This involves
simultaneous electrophoresis of the antigen and
antibody in gel in opposite directions resulting in
precipitation at a point between them {Fig. 13.5).
This method produces visible precipitation lines
within thirty minutes and is ten times more
sensitive than the standard double diffusion
techniques. The clinical applications are for
detecting various antigens such as alphafetoprotein
in serum and specific antigens of cryptococcus and
meningococcus in the cerebrospinal fluid.
2. One dimensional single electroimmunodiffusion
(rocket electrophoresis): The main application of
this technique is for quantitative estimation of
antigens. The antiserum to the antigen to be
quantitated is incorporated in agarose and gelled
on the glass slide. The antigen, in increasing
concentrations, is placed in wells punched in the
set pel. The antigen is then electrophoresed into
the antibody containing agarose (Fig. 13.6). The
pattern uf‘i.mmunupn:cipimﬁun resembles a rocket
and hence the name.

A vanant of this is Laurell's two-dimensional
electrophoresis. In this technique, the antigen
mixture is first electrophoretically separated in a
direction perpendicular to that of the final rocket
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Fig. 13.4 Immuncelectrophoresis. 1. Semisalid agar
layered on the glass sfide. A weil for antigen and
a trough for antiserum cut out of agar. 2. Antigen
well filled with human serum.3. Serum separated
by electrophoresis. 4. Antiserum trough filled with
antiserum to whole human serum. 5. Serum and
antiserum allowed to diftuse into agar. 6. Precipitin
lines form for individual serum proteins.

stage. By this method one can quantitate each of
several antigens 1n a mixture (Fig. 13.7),

AGGLUTINATION REACTION
When 4 particulate antigen is mixed with its antibody
in the presence of electrolytes at a suitable termperature
and pH, the particles are clumped or agglutinated.
Agplutination 1s more sensitive than precipitation for
the detection of antibodies. The same principles govern
agghutination and precipitation. Agglutination ocours
optimally when antigens and antibodies react in
equiﬂlent pmpnmnns The zone phcnnmmm may
be seen when either an antibody or an antigen is in
excess. Incomplete’ or ‘monovalent’ antibodies do not
cause agglutination, though they combine with the
antigen. They may act as “blocking’ antibodies,
inhibiting agglutination by the complete antibody

AE‘I‘I-I[J:‘I'I'IH:"’GH OF .‘iUﬂLI ITINATION
REACTION

Shide agglutimation: When a drop of the
appropriate antiserum is added to a smooth, uniform
suspension of a particulate antigen in a drop of saline
on aslide or tile, agglutination takes place. A positive
result is indicated by the champing together of the
particles and the clearing of the drop. The reaction
15 facilitated by mixing the antigen and the
antiserum with a loop or by gently rocking the slide.
Depending on the titre of the serum, agglutination
may occur instantly or within seconds. Clumping
occurring after a minute may be due to drying of
the fluid and should be disregarded. It 15 essential
to have on the same slide a control consisting of
the antigen suspension in saline, without the
antiserum, to ensure that the antigen is not
autoagglutinable. Agglutination is usually visible
to the naked eye but may sometimes require
confirmation under the microscope. Slide
agglutination is a routine procedure for the
identification of many bacterial isolates from

clinical specimens, It is also the method used for
blood grouping and cross-matching.
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Fig. 13.6 Aocket elecirophoresis, Antigen. 15 -dnven into

gel containing antibody. 1. Antibody in agarose gel.
2. Precipitinares 3. Antigen wells 4. Increasing

antigen concentration.

Tubhe agglutination: This is a standard
quantitative method for the measurement of
antibodies. When a fixed volume of a particulate
antigrn ﬁ.l:sp:ns'lun 15 added to an ﬁquﬂ volume of
serial dilutions of an antiserum in test tubes, the
agglutination titre of the serum can be estimated.
Tube agglutination is routinely employed for the
serological diagnosis of typhoid, brucellosis and

typhus fever,
In the Widal test used in typhoid, two types of

antigens are used. | he 'H' or the Hagellar antigen
on combining with its antibody forms large, loose,
Huffy clumps resembling wisps of cotronwool. The
C) or somartic antigen forms ngha, compact deposits
resembling chalk powder, Agglutinated bacilh
spread out in a disclike pattern at the bottom of the
tubes,

The tube agglutination test for brucellosis may
I]E‘ cnmp]lcﬂ:t‘] E}}' ﬂ'l.l: FFUIEI-T!E Fll'l.ll.'l'.l.l.'llﬂ'll.'r!l:}n H.Hd.
the presence of “blocking’ antibodies. Several
dilutions of the serum should be rested to prevent
talse negative results due to prozone. Incomplete
0T I‘-]m‘.king antibodies may be detected by dning
the test in hypertonic (5%) saline or albumin saline,
or more reliably by the sntiglobulin (Coombs) test,

The Weil-Felix reaction for serodiagnosis of
ryphus fevers 15 a heterophile agglutinatnon test and
:i'.'l |J'-1h"|:l.i T LE]L‘ Ehafiﬂg '.'.ll- i ComMmon .-I.'I'lﬁi""l'.'ﬂ
between typhus rickettsiae and some strains of
proteus bacilli. Another example of the heterophile
agglutination rest is the Streprococcus MG
agglutination test tor the diagnosis of primary
atypical pneurmonia.

Examples of agglutination tests using red cells
a5 artti:g:n_s are the Paul Bunnel test and the cold
agglutination test. The former is based on the
'PI'ESEI'I.I.'E '.'.It- E-hL"Erl Cﬁti agglutinins il'.l !]'I.l: SETaE {?!'-
infectious mononucleosis patients, which are
adsorbed by ox red cells but not by guinea pig kadney
extract. The cold agglutination test is positive in
mycoplasmal {(primary atypical) pneumonia. The
patient's sera agglutinate human O group
erythrocytes at 4°C, the agglutination being
reversible at 37 *C.

The antiglobulin (Coombs) test: The
antiglobulin test was devised by Coombs, Mourant
and Race (1945) for the detection of anti-Rh
antibodies that do not agglutinate Rh positive
erythrocytes in saline. When sera containing
incomplete anti-Rh antibodies are mixed with Rh
positive red cells, the antibody globulin coats the
surface of the erythrocytes, though they are not
agglutinated. When such erythrocytes coared with
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Fig.13.7 Laurell's varlant of rockel elecirophoresis (iwo-dimensional immuncelectrophoresis). First run: antigens
are separated on the basis of electrophoretic mobiiity. The second run at right angles to the first drives the
antigens into the antiserum containing gel to torm precipitation peaks. The area of the peak is proportional

to the concentration of the antigen.

the antibody globulin are washed free of all
unattached protein and treated with a rabbit
antiserum against human gammaglebulin
{antiglobulin or Coombs serum), the cells are
agglutinared. This is the principle of the antiglobulin
test (Fig. 13.8).

The Coombs test may be direct or indirect. In
the direct Coombs test, the sensitisation of the
erythrocytes with incomplete antibodies takes place
in 'ku, as in the J!l:;mﬂ}_rl:'lc disease of the newborn
due to Rh incompanbility. When the red cells of
erythroblastotic infants are washed free of
unattached protein and then mixed with a drop of
Coombs serum, agglutination results. The direct
Coombs test is often negative in hemolytic disease
due to ABO incompatibility.

In the indirect Coombs test, sensitisation of red
cells with the antibody globulin is performed in
vitro. Originally employed for detection of anti-
Rh antbodies, the Coombs test 15 useful for
demonstrating any type of incomplete or
nonagglutinating antibody, as, for example, in
brucellosis.

Passive agglutination test: The only
difference between the requirements for the
precipitation and agglutination tests is the physical
nature of the antigen. By artaching soluble antigens

to the surface of carrier particles, it is possible to
convert precipitation tests into agelutination tests,
which are more convenient and more sensitive for
the detection of antibodies. Such tests are known
as passive agglutnation tests.

The commonly used carrier particles are red
cells, latex particles or bentonite, Human or sheep
erythrocytes adsorb a variery of antigens.
Polysaccharide antigens may be adsorbed by simple
mixing with the cells. For adsorption of protein
antigens, tanned red cells are used.

A special type of passive hemagglutination tese
15 the Rose=Waaler test. In rheumatoid arthrias,
an autoantbody (RA factor) appears in the serum,
which acts as an antibody to gammaglobulin, The
RA factor is able to ngglutinate red eells coated
with globulins. The antigen used for the rest is a
suspension of sheep erythrocytes sensitised with a
subagglutinating dose of rabbit antisheep
erythrocyte antibody (amboceptor).

Polystyrene latex, which can be manufacrured
a5 uniform spherical particles, 0.8-1 m in diameter,
can adsorb several types of antigens. Latex
agglutination tests (latex fixation tests) are widely
employed in the clinical laboratory for the detection
of ASQ, CRF, RA factor, HCG and many other
antigens.
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Passive agglutination tests are very sensitive and
vield high titres, but may give false positive results.
When instead of the antigen, the antibody is
adsorbed to carrier particles in tests for estimation
of antigens, the technique is known as reversed
passive agglutination.

COMPLEMENT FIXATION TEST (CFT)

Complement takes part in many immunological
reactions and is absorbed during the combination of
antigens with their antibodses. In the presence of the
appropriate antibodies, complement lyses erythrocytes,
kills and, in some cases, lyses bacteria, immobilises
miotile organisms, promotes phagocytosis and immune
adherence and contributes to tissue damage in certain
types of hypersensitivity.

The ability of antigen antibody complexes to
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‘fix’ complement is made use of in the complement
fucation test (CFT). This is a very versatile and
sensitive test, applicable with various types of
antigens and antibodies and capable of detecting as
little as 0.04 mg of antibody nitrogen and 0.1 mg
of antigen. CFT is a complex procedure consisting
of two steps and five reagents—antigen, antibody,
complement, sheep erythrocytes and amboceptor
{rabbat antibody to sheep red cells). Each of these
reagents has to be separately standardised.

The antigen may be soluble or particulate, The
antiserum should be heated at 56 °C (inactivated)
for half an hour before the test to destroy any
complement activity the serum may have and also
to remove some nonspecific inhibitors of
complement present in some  sera
(anticomplementary activity). The source of

Fig
antibody coals the
anfliglobulin serum |4)

13.8 Antiglobulin {Coombs) test. Rh positive eryl

hrocyles (1) are mixed with incomplete antibody (2) The
cells (3) but, being incomplete, cannot produce aggiutination. Un addition o
which is complete antibody to immunoglobulin, agglutination takes p
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complement is guinea pig serum. As complement
activity is heat labile, the serum should be freshly
drawn, or preserved either in the lyophilised or
trozen state or with special preservatives, as in
Richardson’s method. The guinea pig serum should
be titrated for complement activity. One unit or
minimum hemaolytic dose (MHD) of complement
is defined as the highest dilution of the guinea pig
serum that lyses one unit volume of washed sheep
erythrocytes in the presence of excess hemolysin
(amboceptor) within a fixed time (usually 30 or 60
minutes) at a fixed temperature (37 °C). The
amboceptor should be titrated for hemelytic activity.
One MHD of amboceptor is defined as the least
amount (or highest dilution) of the inactivated
amboceptor that lyses one unit volume of washed
sheep erythrocytes in the presence of excess
complement within a fixed time (usually 30 or 60
minutes) at a fixed temperature (37 *C). The diluent
used for the titrations and for CFT is physiological
saline with added calcium and magnesium ions.
The classical example of CFT is the
‘Wassermann reaction, formerly the routine method
for the serodiagnosis of syphilis. The test consists
of two steps. In the first, the inactivated serum of
the patient is incubated at 37 *C for one hour with
the Wassermann antigen and a fixed amount (two
units) of guinea pig complement. If the serum
contains syphilitic antibody the complement will
be utilised during the antigen antibody interaction.
If the serum does not contain the antibody, no
antigen—antibody reaction occurs and the
complement will therefore be left intact. Testing
for complement in the postincubation mixture will
thus indicate whether the serum had antibodies or
not. This constitutes the second step in the test and
consists of adding sensitised cells (sheep
erythrocytes coated with 4 MHD hemolysin), and
incubating at 37 °C for 30 minutes. Lysis of the
erythrocytes indicates that complement was not
fixed in the first step and, therefore, the serum did
not have the antibody (negative CFT). Absence of
erythrocyte lysis indicates that the complement was
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used up in the first step and, therefore, the serum
contained the antibody (positive CFT) (Fig. 13.9).
Appropnate controls should be used, including
the f:}]luwinE: antigen and serum controls to ensure
that they are not anticomplementary, complement
control to ensure that the desired amount of
complement is added, and cell control to see that
sensitised erythrocytes do not undergo lysis in the
absence of complement.
Indirect complement fixation test:
Certain avian (for example, duck, turkey, parrot) and
mammalian (for example, horse, cat) sera do not fix
guinea pig complement. When such sera are to be
tested, the indirect complement fixation test may be
employed. Here the test is set up in duplicate and
after the first step, the standard antiserum known to
tix complernent is added to one set. If the test serum
contained antibody, the antigen would have been used
up in the first step and therefore the standard antiserum
added subsequently would not be able to fix
complement. Therefore, in the indirect test, hemaolysis
indicates a positive result.
Conglutinating complement absorption
test: For systems which do not fix guinea pig
complement, an alternative method is the
:un.glut'lnaring cump]l:ml:m' ahﬁl:!rptiﬂn test. This
uses horse complement which is nonhemolytic. The
indicator system is sensitised sheep erythrocytes
mixed with bovine serum. Bovine serum contains a
beta globulin component called conglutinin, which
acts as antibody to complement. Therefore,
conglutinin causes agglutination of sensitised sheep
erythrocytes (conglutination) if they have
combined with complement. If the horse
complement had been used up by the antigen—
antibody interaction in the first step, agglutination
of sensitised cells will not occur.
Other complement dependent
serological tests: When some bacteria (for
example, Vibrio cholerae, Treponema pallidum)
react with the specific antibody in the presence of
complement and particulate materials such as
:ryrhruq-'tcs or plal:cl:'l'ﬁﬁ. the bacteria are aggrcg:ted



« Antigen—Antibody reactions »

and adhere to the cells. This is known as immune
adherence. The immobilisation test is another
L'ﬂmPIEm:l'lt t :I.'I.';B.EI:II-I::IIL II'.I. ﬂ'l.l: T
pallidum immobilisation test, a highly specific test
formerly considered the "gold standard’ for the
serodiagnosis of syphilis, the test serum is mixed
with a live motile suspension of T. pallidum in the
presence of complement. On incubation, the specific
antibody inhibits the motility of treponemes.
Chyrolyric or cyrocidal tests are also complement
dependent. When a suitable live bacterium, such as
the cholera vibrio, is mixed with its antibody in the
presence of complement, the bacterium is kalled and
lysed. This forms the basis of the vibriocidal antibody
test for the measurement of anticholera antibodies.

NEUTRALISATION TESTS

Virus neutralisation tests: Neutralisation
of viruses by their antibodies can be demonstrated
in various systems, Neutralisation of bacteniophages
can be demonstrated by the plaque inhibition test.
When bacteriophages are seeded in appropriate
dilution on lawn cultures of susceptible bacteria,
plaques of lysis are produced. Specific antiphage
serumn inhibits plague formation. Neutralisation of
animal viruses can be demonstrated in three systems
— anumals, eggs and tissue culture,

(CONTAINS ANTIBODY)

1. ANTIGEN + TEST SERUM
+ COMPLEMENT }

+ HEMOLYTIC SYSTEM
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Toxin neutralisation: Bacterial exotoxins are
good antigens and induce the formation of
neutralising antibodies (antitoxins) which are
important clinically, in protection against and
recovery from diseases such as diphtheria and
tetanus. The toxicity of endotoxins is not neutralised
by antisera.

Toxin neutralisation can be tested in vivo or in
vitro. Neutralisation tests in animals consist of
injecting toxin—antitoxin mixtures and estmating
the least amount of antitoxin that prevents death or
disease in the animals. With the diphtheria toxin,
which in small doses causes a cutaneous reaction,
neutralisation tests can be done on rabbit skin. The
Schick test is based on the ability of circulating
antitoxin to neutralise the diphtheria toxin given
intradermally, and indicates immunity or
susceptibility to the disease. Toxin neutralisation
in vitro depends on the inhibition of some
demonstrable toxic effect. An example is the
antistreptolysin O test, in which antitoxin present
in patient sera neutralises the hemolytic activity of
the streptococcal O hemolysin.

OPSONISATION
The name ‘opsonin’ was originally given by Wright
{(1903) to a heat labile substance present in fresh

- COMPLEMENT FIXED

RESULT — NO HEMOLYSIS
POSITIVE CF TEST

(CONTAINS NO ANTIBODY)

1. ANTIGEN + TEST SERUM }
+ COMPLEMENT

+ HEMOLYTIC SYSTEM

Fig. 13.9 Complement fixation test

COMPLEMENT NOT FIXED

RESULT-HEMOLY SIS
NEGATIVE CF TEST
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normal sera, which facilitated phagocytosis. This
factor was subsequently identified as complement.
A heat stable serum factor wath similar activity was
called ‘bacteriotropin’. This appears to be a specific
antibody. The term opsonin is now generally used
to refer to both these factors. Wright used the
‘opsonic index’ to study the progress of resistance
duri:ng the course of diseases, The upsu-nic index
was defined as the ratio of the phagocync activity
of the patient’s blood for a given bacterium, to the
phagoeytic activity of blood from a normal
individual. It was measured by incubating fresh
citrated blood with the bacterial suspension at
37 °C tor 15 minutes and estimating the average
numbl:r ﬂf‘ Phﬂgﬂ:}'tDEfd I:I‘H.Eﬂ.'l"il ].'H:l Fﬂl}'l'.l'lﬂl'l:l]'l-u
nuclear leucocyte (phagocytic index) from stained
blood films.

IMMUNOFLUCRESCENCE

Fluorescence is the property of absorbing light rays
of one particular wavelength and emitting rays with
a different wavelength. Fluorescent dyes show up
brightly under ultraviolet light as they convert
ultraviolet into visible light. Coons and his
colleagues {1942) showed that fluorescent dves can
be conjugated to antibodies and that such ‘labelled’
antibodies can be used to locate and idenrtify
antygens in tssues, | his ‘fluorescent antibody” or
immunofluorescence technique has several
diagnosnic and research applications.

In its simplest forms (direct immuno-
ﬂuur:sc:nc: TE‘ET}, it can IJC' L'I.EL'CI Fﬂl’ fhf
identification of bacteria, viruses or other antigens,
using the specific antiserum labelled with a
fluorescent d}r:. For :xamplt, direct immuno-
fluorescence is routinely used as a sensitive method
of diagnosing rabies, by detection of the rabies virus
anfigens in brain smears. A disadvantage of this
method 15 that separate fluorescent conjugates have
to be prepared against each antigen to be tested.
The “indirect immunofluorescence test” overcomes
this difficulty by using an antiglobulin fluorescent
conjugate. An example is the fluorescent treponemal
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antibody test for the diagnosis of syphilis. Here, a
drop of the test serum is placed on a smear of T.
pallidum on a slide and after incubation, the slide
is washed well to remove all free serum, leaving
behind only antibody globulin, if present, coated
on the surface of the treponemes. The smear is then
treated with a fluorescent labelled antiserum to
human gammaglobulin. The fluorescent conjugare
reacts with antibody globulin bound to the
treponemes. After washing away all the unbound
fluorescent conjugate, when the slide is examined
under ultraviolet illumination, if the test is positive
the treponemes will be seen as bright objects against
a dark background. If the serum does not have
antitreponernal antibody, there will be no globulin
coating on the treponemes and therefore they will
not take on the fluorescent conjugates. A single
antihuman globulin fluorescent conjugate can be
emploved for detecting human antibody to any
antigen (Fig. 13.10).

Fluorescent dyes may also be conjugared with
complement. Labelled complement is a versatle
tool and can be employed for the detection of
antigen or antibody. Antigens also take fluorescent
labelling but not as well as antibodies do. For
detection of antibodies h}'immunnﬂumn:ﬂ::na:, the
sandwich technique can be employed. The antibody
15 first allowed to react with unlabelled antigen,
which is then treated with fluorescent labelled
antibody. A sandwich is thus formed the antigen
being in the middle and labelled and unlabelled
antibodies on either side.

The fluorescent dyes commonly used are
fluorescein 1sothiocynate and lissamine rhodamine,
exhibiting blue-green and orange-red fluorescence,
respectively. By combining the specificity of
serology with the localising capacity of histology,
immunofluorescence helps in the visualisation of
antigen—antibody reactions in situ. It is thus an
immunchistochemical technique. The major
disadvantage of the technique is the frequent
occurrence of nonspecific fluorescence in tissues
and other materials.
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RADIOIMMUNDASSAY (RIA)

Besides fluorescent dyes, many other distinctive
labels’ also can be conjugated to antigens and
antibodies. The most commonly used labels are
rachoisatopes and enzymes, A vanety of tests have
been devised for the measurement of antigens and
antibodies using such labelled reactants. The term
binder-ligand-assay has been used for these
reactions. | he substance I'L:antif__r'cnﬁ whose
concentration 15 to be determined 15 termed the
analyte or ligand. The binding protein (ordinarly,
the antibody) which binds to the ligand is called

Aty Feachions
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the binder. The first reacrion of this type was
radicimmunoassay {RIA) desenibed by Berson and
Yallow in 1959, RIA permits the measurement of
analytes upto picogram (107" g} quantities, RLA
and its modifications have versanle applications in
various areas of biology and medicine, including
the quantitation of hormones, drugs, tumour
markers, IgE and viral anngens. The importance
of RLA was uukﬂf:mt’]u{lgud when the Nobel Prize
was awarded to Yallow for its discovery in 1977,
RIA is a competitive binding assay in which
fixed amounts of antiboady and radiolabelled antigen

Fig 13.10 Immunofluorescence. 1. Direct fest: Antigen (A) is mixed with fluorescent-conjugated antibody (B).
The antigan-antibody complex is fluorescent. (C). 2 Indirect test: Antigen (A) 8 mixed with antibody
(B).The antigen-antibody complex (C) is treated with fluorescent conjugated antiglobulin serum (D). The

final product is fluorescent (E).



106

react in the presence of unlabelled antigen. The
labelled and unlabelled antigens compete for the
limited binding sites on the antibody. This
competition is determined by the level of the
unlabelled (test) antigen present in the reacting
system. After the reaction, the antigen is sl:pa.utrr.!
into ‘free’ and ‘bound’ fractions and their radioacrive
counts measured. The concentration of the test
antigen can be calculated from the ratio of the
bound and total antigen labels, using a standard
dose response curve.

For any reacting system, the standard dose
response or calibrating curve has to be prepared
first. This is done by running the reaction with
fixed amounts of antibody and labelled antigen, and
varying known amounts of unlabelled antigen. The
ratios of bound : total labels (B : T ratio) plnl."rﬂl
against the analyte concentrations give the standard
calibration curve. The concentration of antigen
in the test sample is computed from the B : T ratio
of the test by interpolation from the calibration
Curve.

ENZYME IMMUNOASSAYS (ELA)

Enzyme labelled conjugates were first introduced
in 1966 for localisation of antigens in tissues, as an
alternative to fluorescent conjugates. In 1971,
enzyme labelled antigens and antibodies were
developed as serological reagents for the assay of
antibodies and antigens. Their versatility, sensitivity,
simplicity, economy and absence of radiation hazard
have made ElAs the most widely used
i clinical serology. The availability of test kits
and facility for automation have added to their
popularity.

The term enzyme immunoassay (EIA) includes
all assays based on the measurement of enzyme
labelled annigen, hapten or antbody. E1As are of
two basic types — homogeneous and hererogeneous.
In homogeneous ELA, there is no need to separate
the bound and free fractions so that the test can be
completed in one step, with all reagents added
sirnultaneously. This type of EIA can be used only

dure
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for assay of haptens such as drugs and not for
microbial antigens and antibodies. An example of
homogeneous ElA is enzyme multiplied
irmmunoassay techmique (EMIT), which is a simple
assay method for small molecule drugs such as
oplates, cocane, barbiturates or ampi'u:tarninl: 13}
SETUm.

Heterogeneous EIA requires the separation of
the free and bound fractions either by centrifugation
or by absorption on solid surfaces and washing. It
18 therefore a multistep procedure, with reagents
added sequentially. The major type of heterogeneous
EIA is Enzyme Linked Immunosorbent Assay
(ELISA).

Enzyme Linked Immunosorbent Assays
(ELISA).

ELISA 15 so named because the technique
involves the use of an immunosorbenr = an
absorbing material specific for one of the
components of the reaction, the antigen or antibody.
T]'I.IIH- meay I'.H:' ]'IB.I'IIIII:I.'I].'E.EE, Fﬂf EI:I.ITII'I]E‘ CC‘“'LIIEIEI: ar
agarose — or a solid phase such as polystyrene,
polyvinyl or polycarbonate mubes or microwells -
or membranes or discs of polyacrylamide, paper or
plastic. ELISA is usually done using 96-well
microtitre plates suitable for automation, The
principle of the test can be illustrated by outlining
its application for the detection of rotavirus antigen
in feces.

The wells of & microtitre plate are coated with
goat antirotavirus antibody. Afrer thorough washing,
the fecal samples to be tested are added and
incubated overmight at 4 “C or for two hours at
37 "C. Suirable positive and negative controls are
also set up. The wells are washed and guinea pig
antirotaviras antiserum, labelled with alkaline
phosphatase, added and incubated at 37 *C for one
hour. Afrer washing, a suitable substrate
{pﬂmnilmph:nyi phosphate) is added and held at
room temperature fill the positive controls show
the development of a yellow colour. The
Fhusphatah': ENEyme 5|:|].'1I3 the substrate to :.ril:!d a
}"'l:“(]w n;:um]::rnund-
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If the test sample contains rotavirus, it is fixed
to the antibody coating the wells. When the enzyme
labelled antibody is added subsequently, it is in turn
fixed. The presence of residual enzyme activity,
indicated by the development of yellow colour,
therefore denotes a positive test (Fig. 13.11). If the
sample is negative, there is no significant colour
change. An ELISA reader provides quantitative
colour recordings.

The detection of antibody by ELISA can be
illustrated by the anti-HIV antibody test. Purified
inactivated HIV antigen is adsorbed onto microassay
plate wells. Test serum diluted in buffer is added to
the well and incubated at 37 °C for 30 minutes.
The well is then thoroughly washed. If the serum

NP
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contains anti-HIV antibody, it will form a stable
complex with the HIV antigen on the plate. A goat
antihuman immunoglobulin antibody conjugated
with horse radish peroxidase enzyme is added and
incubated for 30 minutes. After thorough washing,
the substrate O-phenylene diamine dihydrochloride
is added and after 30 minutes, the colour that
develops is read using a microassay plate reader.
Positive and negative controls should invanably be
used with test sera (Fig. 13.12).

The examples described above are of simple
noncompetitive sandwich ELISA. The test can be
made more specific by making serum antibody and
enzyme labelled antibody compete for the binding
sites on the antigen (competitive ELISA). Tests

Fig. 13.11 ELISA for detection of rotavirus in feces. 1. Microassay plate coated with goat antibody to rotavirus.
2. When fecal suspension is added and incubated, rotavirus if present, will absorb to the coaled antibody.
3. After thorough washings add guinea pig antirotavirus antibody conjugated with alkaline phosphatase
enzyme. If rotavirus is present the conjugate will complex with it. 4. After washing add the substrate,
paranitrophenyl phosphate. 5. If the enzyme conjugale is present, the substrate will be split to form yellow
coloured product. This indicates a positive test. In a negative test there will be no significant colour formation.
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Fig. 13.12 ELISA for HIV antibody in serum. 1. Microassay plate coated with HIV antigen. 2. Test serum is added
and incubated. Anti-HIV anfibody. If present in the serum will attach to HIV antigen. 3. After washing, add goat
antihuman immunoglobulin antibody conjugated with horse serum peroxidase enzyme. The conjugate will
attach to anti-HIV antibody in a positive tesl. 4. After washing, add substrate OPD. 5. A colour develops in the
positive test, while there will be no colour in a negative tesl.
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for specific immunoglobulin classes (for example,
IgM specific ELISA) are also available. Capture
ELISA and immunometric tests are even more
specific.

Several variations of the ELISA technique have
been developed to provide simple diagnostic tests,
including the card and dipstick methods suitable
for clinical laboratory and bedside applications.

A simple modification of ELISA which has
found wide app]in::ltiun for t::itinE; one or a few
samples of sera at a time is the cylinder or cassette
ELISA. Here each specimen is tested in a separate
disposable cassette, The test is rapid, taking only
about 10 minutes as compared with the 24 hours
taken for microplate ELISA. There is no need for
microplate washers or readers. The result is read
visually. Inbuilt positive and negative controls are
usually provided for validation of the rest procedure.

An example of cassette ELISA is the one used
for the detection of HIV type 1 and 2 antibodies.
Specific type 1 and 2 antigens are immobilised at
separate fixed sites on the nitrocellulose membrane
in the cassette. Test serum is added on rhe
membrane and allowed to hlter into absorbent
material placed below it in the cassette base.
Antibody, if present in the serum will bind to the
appropriate antigen. After washing to remove
unbound antibody, enzyme labelled antihuman
immunoglobulin antibody is added. After additional
washing to remove unbound conjugate, a substrate
}'i:lﬂinE a coloured Fruduct i5s added. A positive
result is indicated by a coloured spot developing ar
the site of the antigen against which antibody is
present in the serum. Human immunoglobulin
immobilised at a spot on the membrane acts as a
control for the test procedure, as shown by the
development of colour at the site.

CHEMILUMINESCENCE IMMUNOASSAY (CLIA)

Chemiluminescence refers to a chemical reaction
emitting energy in the form of light. Just as
radicactive conjugates are employed in RIA
fluorescent cojugates in IFA and enzymes in ELISA,
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chemiluminescent compounds (such as luminol or
acridinium esters) are used in CLIA as the label to
provide the signal during the antigenantibody
reaction. The signal (light) can be amplified,
measured and the concentration of the analyte
caleulated. The method has been fully automated
and is being increasingly used in laboratories where

the volume of work is large

IMMUNOELECTROBLOT TECHNIQUES

Immunoelectroblot or (electroimmunoblot)
techniques combine the sensitivity of enzyme
immunoassay with much greater specificity. The
technique is a combination of three separate
procedures: (a) separation of ligand-antigen
components by polyacrylamide gel electrophoresis;
(b) blotting of the electrophoresed ligand fraction
on nitrocellulose membrane strips; and (c) enzyme
immunoassay (or radicimmunoassay) to (1) detect
antibody in test sera against the various ligand
fraction bands; or (2) probe with known antisera
against specific antigen bands. The Western Blot
test, considered the definitive test for the
serodiagnosis of HIV infection, 1s an example of
the immunoelectroblot technique (see chapter 62
for details).

IMMUNOCHROMATOGRAPHIC TESTS

.A. Dm:—s-ﬂ:p quiﬂtlﬁ\'l: immunudl.rumltugrlpl:l.ic
technique has found wide application in
serodiagnosis due to its simplicity, economy and
reliability. A description of its use for HBsAg
detection illustrates the method. The test system 1s
a small cassette containing a membrane
impregnated with anti-HbsAg antibody-colloidal
gold dye conjugate. The membrane is exposed at
three windows on the casserte. The test serum is
dropped into the first window. As the serum travels
upstream by capillary action, a coloured band
appears at the second window (test site) if the serum
contains HbsAg, due to the formation of a HbsAg-
antibody conjugate complex. This is the positive
reaction, Absence of a coloured band at the test
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site indicates a negative reaction. Simultaneously a
coloured band should appear in every case at the
third window, which forms an inbuilt control, in
the absence of which the test is invalid. The test is

claimed to be nearly as sensitive and specific as
EIA tests.

IMMUNOELECTRONMICROSCOPIC TESTS

I ITIITLA TS I:ctrun m i CroscOpy: l!IHiiIlI'.I.l:I'I. "r'-l.l'ﬂl

particles mixed with specific antisera are observed
under the clectron microscope, they are seen to be
clumped. This finds application in the study of some
viruses such as the hepanitis A virus and the viruses
causing diarrhea.
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Immunoferritin test: Ferritin {an electron-
dense substance from horse spleen) can be
conjugated with antibody, and such labelled
antibody reacting with an antigen can be visualised
under the electron microscope.

Immunoenzyme test: Some stable enzymes,
such as peroxidase, can be conjugated with antibodies.
Tissue sections carrying the corresponding antigens
are treated with peroxidase labelled antisera. The
percadase bound to the antigen can be visuahsed under
the electron microscope, by microhistochemical
methods, Some other enzymes, such as glucose oxidase,
phosphatases and tyrosinase, may also be included in

IMIMUNOENZYE tests.
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The term ‘complement” (C) refers to a system of
Fﬂ.l:tﬂ!'ﬁ "ll"hll.'l'l. gccur 1n !'ll'.l!'mﬂ] SCrum ll'.lll:l arc
activated characteristically by anngen—antbody
interaction and subsequently mediate a number of
biologically significant consequences.

Towards the end of the nineteenth century, it
was noticed that bactericidal, bacteriolytic and
hemolytic actions of the appropriare antibodies
required the participation of a heat labile component
present in the normal sera of human beings and
animils. Buchner (1889) was the first to observe
that the bactericidal effect of serum was destroved
by heating at 55 °C for one hour. Pfieffer (1894)
discovered that cholera vibrios were I}"il:d when
in_itttl:d intrap:rimncauy mnto 5P:ciﬁca|l}'
immunised guinea pigs {(bdcteriolysis in vive or
Ptieffers phenomenon). Bordet (1895) extended
these observations and established that immune
bacteriolysis and hemolysis required two factors—
the heat stable antibody and a heat labile factor,
which was called alexine. This term has been
replaced by the present name complemenr which
was coined by Ehrlich, because this facror
cnmp]tmtnn:d the action of mtibnd:.-'.

Bordet and Gengou (1901) described the
complement fixation test, using the hemolytic
indicator system, as a sensitive serological reaction.
This found wide application, and the Wassermann
complement fixation test for syphilis became one
of the most popular serological tests, For the next
half century, interest in complement remained
confined to its use as a tool in serological reactions.
Since then the structural and functional complexities
of the Enmpl:m:nt system have been defined and

The Complement System

its role as o mediator and amplifier of many immune
and inflammartory reactions recognised. The
complement system belongs to the group of
biological effector mechanisms (called triggered
enzyme cascades) which also includes coagulation,
fibrinolytic and kinin systems. Such biological
cascades have distinct advantages. For example, each
enzyme in the cascade is able to activate many
molecules of the succeeding component providing
for amplification of the response at each step. Every
step has its own control mechanisms so that the
cascade can be regulated with precision.

GENERAL PROPERTIES

Complement is present in the sera of all mammals
and also in that of most lower animals, indud.in.g
birds, amphibians and fishes. It is a nonspecific
serological reagent in that complement from one
species can react with antibodies from other species,
though the efficiency of reaction is influenced by
the taxonomic distance between the species.
Complement constitutes about five per cent of
normal serum proteins and is not increased as a
result of immunisation.

Though some of its components are heat stable,
complement as 2 whole is heat labile, its cytolytic
activity undergoing spontaneous denaturation
slowly at room temperature and being destroved
in 30 minutes at 56 °C. A serom, dﬂFﬁ‘ﬂ:d of
its complement activity by heating at 56 “C for
30 minutes, is then said to be ‘inactivared’.

Cumpl:mtnt (C) urdinarll}r does not bind to
free antigen or antibody but only to antibody which

has combined with its antigen. Various terms such
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as fixation, binding or consumption have been used
to refer to the combination of C with bound
immunoglobulin, leading to the activation of the
classical C pathway. All classes of Ig do not fix C.
Only IgM, 1gG3, 1 and 2 (in that order) fix C, but
not IgG4, IgA, IgD or IgE. The site of C binding
is located on the Fe piece of the Ig molecule (CH?
domain on lgG, CH® on IgM), and is expressed
only when Ig is combined with its antigen. The
fixation of C is not influenced by the nature of

antigens, but only by the class of immunoglobulins.

COMPONENTS

The complement system consists of at least twenty
chemically and immunologically distinct serum
proteins comprising the complement components,
the properdin system and the control proteins.

Complement is a complex of nine different
fractions called C1 to C9. The fraction C1 occurs
in serum as a calcium ion dependent complex, which
on chelation with EDTA yields three protein
subunits called Clq, r, and s, Thus C is made up of
a total of 11 different proteins. C fractions are named
C1 to C9 in the sequence of the cascading reaction,
except that C4 comes after C1, before C2.

The model traditionally used to explain C activity
in immune cytolysis is the lysis of erythrocyte
sensitised by its antibody. The erythrocyte (E)
antibody (A) complex is called EA, and when C
components are attached to EA, the product is
called EAC, followed by the components that have
reacted (for example, EAC 14235 or EAC 1-5).
When a C component acquires enzymatic or other
demonstrable biological activiry, it is indicated by
a bar over the component number, for example, the
enzymatically activated C1 is shown as C1.
Fragments cleaved from C components during the
cascade are indicated by small letters (C3a, C3b).
Inactivated forms of C components are indicared
by the prefix i ((C3b).

COMPLEMENT ACTIVATION

Complement is normally present in the body in an
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inactive form but when its activity is induced
by antigen—antibody combination or other stimuli,
C components react in a specific sequence as a
cascade. Basically, the C cascade is a series of
reactions in which the preceding components act
as enzymes on the succeeding components, cleaving
them into dissimilar fragments. The larger
fragments usually join the cascade. The smaller
fragments which are released often possess
biological effects which contribute to defence
mechanisms by amplifying the inflaimmatory
process, increasing vascular permeability, inducing
smooth muscle contraction, causing chemotaxis of
leucocyres, promoting virus neutralisation,
detoxifying endotoxins and effecting the release of
histamine from mast cells.

The C cascade can be triggered off by two
parallel but independent mechanisms or pathways
which differ only in the initial steps. Once C3
activation occurs, the subsequent steps are common
in both pathways, which have been called the
classical C pathway and the alternative or properdin
pathway.

The classical pathway is so called because it
was the first one identified. But actually it is a more
recently evolved mechanism of specific active
ummunity, while the alternative pathway represents
a more primitive system of nonspecific innate
I.ITII'I'HJII.I:}"..

Crassicar PaTHway

The chain of events in which C components react
in a specific sequence following activation of C1
and typically culminate in immune cytolysis is known
as the classical pathway (Fig. 14.1). It consists of
the following steps:

1. The first step is the binding of C1 to the
antigen—antibody complex (traditionally
represented as EA). The recognition unit of C1
1s Clq, which reacts with the Fc prece of bound
IgM or IgG. Clq has six combining sites.
Effective activation occurs urll]r when Clq i
artached to immunoglobulins by at least two of
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its binding sites. One molecule of IgM or two
molecules of IgG can therefore initiate the
process. C1q binding in the presence of calcium
1ons leads to sequential activation of Clrand s,

2. Activated C 1s is an esterase (C1s esterase), one
maolecule of which can cleave several molecules
of C4 — an instance of amplification. C4 1s split
into C4a, which is an anaphylatoxin, and C4b
which binds to cell membranes along with C1.

3. C14b in the presence of magnesium ions cleaves
C2 into C2a, which remains linked to cell-
bound C4b, and C2b which is released into flud
phase. C4b2a has enzymatic activity and is
referred to as the classical pathway C3
convertase.

4. C3 convertase splits C3 into two fragments :
C3a which is an anaphylatoxin, and C3b which
remains cell-bound along with C4b2a to form
a trimolecular complex C4h2a3b which has
enzymatic activity and is called C5 convertase.

5. The membrane artack phase of complement
activity begins at this stage with C5 convertase
cleaving C5 into C5a, an anaphylatoxin which
is released into the medium, and C5b which
continues with the cascade. C6 and C7 then
join together. A heat stable trimolecular complex
C567 is formed, part of which binds to the cell
membrane and prepares it for lysis by CB and
C9 which join the reaction subsequently. Most
of C567 escape and serve to amplify the
reaction by adsorbing onto unsensitised
‘bystander cells' and rendering them susceptible
to lysis by C8 and C9. The unbound {347 has
chemotactic activity, though the effect is
transient due to its rapid inactivation. The
mechanism of complement mediated cytolysis
is the production of ‘holes’, approximately 100
A in diameter on the cell membrane. This
disrupts the osmotic integrity of the membrane,
leading to the release of the cell contents.
Although the classical pathway is generally

activated by the antigen-antibody complexes or

aggregated immunoglobulin, activation may also
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be due to other stimuli, such as DNA, C-reactive
protein, trypsin=like enzymes or some retroviruses.

ALTERNATIVE C PATHWAY

The central process in the complement cascade 1s
the activation of C3, which is the major component
of C. In the classical pathway, activation of C3 is
achieved by C42 (classical C3 convertase). The
activation of C3 without prior participation of C142
is known as the ‘alternatve pathway'.

The first example of the alternative pathway was
the demonstration by Pillemer (1954) of the
‘properdin system’ as a group of serum proteins
contributing to antimicrobial defence without
requiring specific antibodies. The activator in this
system was zymosan, a polysaccharide from the
yeast cell wall, but many other substances can also
activate the pathway. These activators include
bacterial endotoans, IgA and DD, the cobra venom
factor and the nephritic factor (a protein present in
the serum of glomerulonephritis patients).

The first step in the alternative pathway is the
binding of C3b to an activator. C3b is continuously
generated in small quantities in the circulation but
in the free state it is rapidly inactivated by the serum
protein factors H and I. Bound C3b which is
protected from such inactivation interacts with a
serum protein called Factor B (also known as 'C3
proactivator’) to form a magnesium-dependent
complex ‘C3b,B’. This complex is cleaved by
another serum protein Factor DD (also called 'C3
proactivator convertase’) into two fragments = Ba
and Bb. Fragment Ba is released into the medium.
Fragment Bb remains bound to C3b, forming the
esterase C3b,Bb complex, which is the alternative
pathway C3 convertase. This enzyme C3b,Bb is
extremely labile. The function of properdin (also
called Factor P) is to stabilise the C3 convertase,
which hydrolyses C3, leading to further steps in
the cascade, as in the classical pathway (Fig. 14.2).

ReEcuLAaTION OF C ACTIVATION
Unchecked complement activity can cause not only



4« The Complement System »

113

THIE COMMIPLEMENT STSTEM

Cig, £.8

EA + EACT
Cme o
e
- - 4 — —
EACIdh & 2 .| EACT#Is . C2h
II|lI 'l-.'ll. - kinim
* ___,.-""
Cda ﬁ;
— .'-..
[ Eaciaman| *~ 589 [ Eaciammmsmet—s cs4
®
Cha e

[ Eac it |

!

CYTOLY SIS

Fig. 14.1 Complement cascade—the classical pathway

exhaustion of the complement system but also
SETIOUS dmagc to tissues. Several inbuilt control
mechanisms regulate the complement cascade at
different steps. These are mainly of two kinds:

tnhibitors which bind to complement components and
halt their further function, and inactivators which are

enzymes that destroy complement proteins.

A, InHIBITORS

1. Normal serum contains an inhibiter of C1
esterase (C1sINH). This heat labile alpha
muramin::gl:,nqmﬂ:in also inhabits many other
esterases found in blood, such as plasmin,
laminogen and the Hageman factor, This does not
prevent the normal progress of the complement

cascade but checks its autm:a:alync prolongation.
2 TheS p-mrcm present in normal serum binds to

C567 and modulates the c}rm-]}'l:lc action of the
membrane artack complex.

B. INACTIVATORS

1. A serum betaglobulin, called Facror I (formerly
known as C3b, C4b INAC, conglutinogen

activating factor or KAF), provides homeostanc
control of C3 activation, parricular!y h}' the
alternative pathway.

2. Another beta globulin Factor H acts in concert
with Factor | modulating C3 activation.

3. Anaphylatoxin inactivator is an alphaglobulin
that enzymatically degrades C3a, C4a and C5a
which are anaphylatoxins released during the
C cascade.

4. C4 binding protein controls the activity of cell-
bound C4b,

ME[’I}" (Jt]'l.ll:r I'Eg'l.'l].d.l:ﬂﬁ IIJf": E.L"Dl.'ll'i[}- ]:'IH."."E aJEL'I'
been reported.

BioLoGical EFFECTS orF (2

Cnmp]:m:nt mﬂd;ﬂtﬂﬁ llmmunﬂ['DE'IlEEl m:‘mbﬂﬂf
damage (cytolysis, bacteriolysis), amplifies the
inﬂ:l.mmat:;rr}r response and participates in the
pathogenesis of certain hypersensitivity reactions.
It exhibits antiviral activity and promotes
phagocytosis and immune adherence. It also
interacts with the coagulation, fibrinolytic and
kininogenic systems of blood.
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An important function of C is to facilitate the
uptake and destruction of pathgogens by phagocytic
cells. This opsonic effect is based on the presence
on the surface of phagoeytic cells, (macrophages,
monocytes, neutrophils and others) of complement
receptors or CRs. Many such receptors have been
identified, such as CR 1, 2, 3, 4 and Clg, which
stimulate phagocytosis and removal of immune
complexes. The CR 2 receptor on B cells also acts
as a receptor for the Epstein—Barr virus (EBV),
the causative agent of infectious mononucleosis, and
50 has a role in the pathogenesis of this condition.

The classical C pathway results in bacteriolysis
and cytolysis, Cells vary in their susceptibility to
complement mediated lysis. Gram negative bacteria
are generally sensitive to lysis, while Gram positive
cells are killed without lysis. The neutralisation of
viruses under some conditions requires the
participation of C.

C fragments released during the cascade reaction
help in amplifying the inflammatory response. C2
kinins are vasoactive amines and increase capillary
P:nﬂfﬂbiiil}". Cjﬂ. E.I'Id ‘:53 Aarc E.I'J.HFJ"I ]at::xic
(histamine releasing) and chemotactic. C567 is
chemotactic and also brings about reactive lysis,

C participates in the cytotoxic (Type II) and

Cib B
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immune complex (Type I1I) hypersensitivity
reactions. ['he destruction of ervihrocyres, following
incompatible transhusion and thrombocyropenia in
sedormid purpura, are examples of Type 1I
reactions. C contributes to the pathogenesis of
nephrotoxic nephritis, though immunological
kidney damage may also occur in its absence of C.
C is required for the production of immune
complex diseases such as serum sickness and Arthus
reaction. C, however, appears o prevent immune
complex disease by solubilising antigen—antibody
complexes and preventing their precipitation in
vessels and tissues. Serum C components are
decreased in many autcimmune diseases such as
systemic lupus erythematosus and rheumatoid
arthritis. C also plays a major role in the
pathogenesis of autoimmune hemolvtic anemia,
paroxysmal nocturnal hemoglobinuria and
hereditary angioneurotic edema.

Endotoxin is an efficient activator of the
alternative C pathway. In endotonic shock there is
massive C3 fixation and platelet adherence. Large
scale platr_l:t bysis and release of Liree amounts of
platelet factor lead to disseminated intravasculir
coagulation and thrombocytopenta. Giram negative
septicemias and the dengue hemorrhage syndrome

Free £73h
ity Abeid h:,-
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Stahilised when combined
with BOLIVIOT, £, £y
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Fig. 14.2 Complement cascade-—the alternative pathway
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Table 14.1 Clinical syndromes associaled with genetic deficiencies of complement components

Group Deficiency Syndrome
| Cl inhibitor Hereditary angioneurotic edema
Il Early components of classical SLE and other collagen

pathway C1, C2, C4 vascular diseases
111 C3 and irs regulatory protein Severe recurrent pyogenic

C3b inactivator infections
1V C5w C8 Bacteremnia, mainly with Gram

negative diplococal, toxoplasmosis

v c9 Mo particular disease

may have a similar pathogenesis. Depletion of C
protects against the Schwartzman reaction.

C bound to antgen—antibody complexes adheres
to erythrocytes or to nonprimate platelets. This
reaction, called immune adherence, contributes to
defence against Fiﬂ‘rug:n'lc m'lcmnrgnnisms since
such adherent particles are rapidly phagocytosed.
C3 and C4 are necessary for immune adherence.

Bovine serum contains an unusual protein called
conglutinin (K) which causes clumping of particles
or cells coated with C, a process known as
conglutination. Conglutinin reacts exclusively with
bound C3. Though conglutinin behaves as an
antibody to C, it 1s not an immunoglobulin and
requires Ca** for its activity. Antibodies with
conglutinin-like activity (immunoconglutinin, 1K)
can be produced by immunisation with complement
coated materials. They may also occur frequently
in human beings and other mammals as
autvantibodies to fixed C. The titres of serum 1K
rise in conditions such as infections and
autoimmune diseases associated with increased
fixation of C in vivo. High 1K levels have been
noticed in the saliva and jejunal secretions. They
are IgA  antibodies whose significance is not

known.

QuanTITATION OF C AND ITS
COMPONENTS

Complement activity of serum is measured by
estimating the highest dilution of serum lysing

sheep erythrocytes sensitised by antierythrocytic
antibody. Estimation of individual complement
components also uses hemolytic activity in a system
containing an excess of all complement components
except the one to be measured. C components can
be quantitated also by radial immunodiffusion in
agar but this method does not differentiate between
active and inactive fractions.

BrosysnTHESIS 0oF O

Complement components are synthesised in various
sites in the body, such as the intestinal epithelium
(C1), macrophages (C2, C4), spleen (C5, C8) and
liver (C3, C&, C9). C is, to some extent, an ‘acute
phase substance’ and rise in € levels (particularly
C4, C3, C5 and Ca) is observed during the acute
phase of inflammartion.

DEFICIENCIES OF THE COMPLEMENT
SYSTEM

Complete or partial deficiencies of all the classical
complement components and several of the C
inhibitors have been described in humans or
animals, Some are associated with severe diseases,
while in others clinical manifestations are sporadic,
C deficiencies result in the host being unable to
efficiently eliminate the microbial antigens or
circulating immune complexes. Recurrent bacterial
and fungal infections and collagen discases also occur
(Table 14.1).

Deficiency of the C1 inhibitor is associated with
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h:r:dilar}r angloneurotic edema, a condition
characterised by episodic angioedema of the
subcutaneous tissues or of the mucosa of the
respiratory or alimentary tracts. It may be fatal when
t]'l‘l: 1.3.!}"!']1 E.Tld tl.'ﬂl:l'ltﬂ arc .E.I:E-ECE'EIEI- T..I'I.I: ﬂ.n’ﬂtk i%
precipitated by the local exhaustion of the reduced
amount of the C1 inhibitor present, leading to the
autocatalytic activation of C1 and the unrestrained

breakdown of C4 and C2, The main mediator of
the edema appears to be the C2 kinin released. The
attack may be treated by infusion of fresh plasma
as a source of the inhibiter. Prophylactic
admimistration nf:}'rﬁi]un AMINOCAPrOI ackd {or its
analogues) is useful. They are believed to inhibit
the activation of plasma enzymes, thus spanng the
small amounts of the C1 inhibitor present.

Furi lher I{;':.u.l'in;‘j

Janeway CA and P Travers 199%. Immimobiodogy, 2 edn. London; Current Biology.
Tomlinson 5. 1993, Complemenr defense mechanisms, Curr Opin Immuenel, 5, 83,
Weir DM and | Stewart 1997, Immunalogy. £ edn, Edinburgh: Churchill Livingstone.
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The lymphoreticular system is a complex
organisation of cells of diverse morphology
distributed wadely in different organs and tissues of
the body responsible for immunity. Lymphoreticular
cells consist of lymphoid and reticuloendothelial
components, with clearly demarcared functions. The
lymphoid cells — lymphocytes and plasma cells =
arc primarily concerned with the specific immune
response. The phagocyric cells, forming part of the
reticuloendothelial system, are primarily concerned
with the ‘scavenger’ functions of eliminating effete
cells and foreign particles. They contribute tw
nonspecific immunity by removing microorganisms
from blood and tissues, T]'n:}' also play a role in
specific immunity, both in the afferent and efferent
limbs of the immune response.

The functional anatomy of the lymphoid system
can be appreciated only against the background of
the ‘two component concept’ of immunity. The
Immune response to an antigen, whatever its nature,
can be of two broad types—the humoral or antibody
mediated immunity (AMI) and the cellular or cell
mechated i:'nmunll:_',r (CMI). Humoral UMMty is
mediated by antibodies produced by plasma cells
and present in blood and other body fluids (hence
the name ‘humoral’ from ‘humeor’ the old term for
body fluids). Cellular immunity is mediated directly
by sensitised hymphocytes. Cells for each of these
components develop through separate channels and
remain independent, though they may also interact
in some instances (Fig. 15.1).

The lymphoid system consists of the lymphoid
cells (lymphocytes and plasma cells) and lymphoid
OTEANS. Based on the different roles they P:rfnrm,
lymphoid organs can be classified into the central

Structure and Functions
of the Immune System

(primary) and the peripheral (secondary) lymphoid
organs. The central lymphoid organs are
lymphoepithelial structures in which the precursor
lymphocytes proliferate, develop and acquire
immunological capability. The thymus and the bursa
of Fabricius in birds are primary lymphoid organs,
being responsible for the cellular and humoral
immune responses, respectively, The equivalent of
the avian bursa in mammals is bone marrow. After
acquiring immunocompetence, the lymphocytes
migrate along blood and lymph streams, accumulate
in the peripheral lymphod organs and, following
antigenic stimulus, effect the appropriate immune
response. The spleen, lymph nodes and mucosa-
associated lymphoid tissue (MALT) constitute the
major peripheral lymphoid organs. Lymphoid tissue
in the gut, lungs, liver and bone marrow and
lymphoid collections in the adventitious tissue of
all organs also form part of the peripheral lymphoid

system.

CeENTRAL (PRiMARY) LyMpPoHoID
DRGANS

Thymus: The thymus anlage develops from the
epithelium of the third and fourth pharyngeal
pouches at about the sixth week of gestation. By
the eighth week, mesenchymal stem cells
(precursors of lymphocytes) from the volk sac, fetal
liver and bone marrow reach the thymus and
differentiate into the thymic lymphoid cells
(thymocytes). It is thus the first organ in all animal
species to become predominanty lymphoid. In
human beings, the thymus reaches its maximal

relative size just before birth. Ir continues to grow
till abour the twelfth year. After puberty, it undergoes
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Flg. 15.1 Development of T and B cell systems

spontancous progressive involution, indicating that
it functions best in early life.

The thymus is located behind the upper part of
the sternum. Aberrant thymic tissues are often found
in neighbouring sites. The thymus has two lobes
surrounded by a fibrous capsule. Septa anising from
the capsule divide the gland into lobules which
are differentiated into an outer cortex and an inner
medulla. The cortex is crowded with actively
proliferating small lymphocytes. The medulla
consists mainly of epithelial cells and mature
lymphocytes in the middle of which are the
Hassall's corpuscles, which are whorl-like
aggregations of epithelial cells.

Till the 1960s, the thymus was an organ without
any recognised function. The fortuitous observarions
by Good (1954) of thymoma and impaired
immunity in & patient, and by Miller (1961) of
immunodeficiency in neonatally thymectomised
mice, paved the way for the understanding of the
pivotal role of the organ in the development of cell
mediated immunity. The primary function of the
thymus is the production of thymic lymphocytes.
It is the major site for rmphocyte proliferation in
the body. However, of the lymphocytes produced,

only about one per cent leave the thymus. The rest
are destroyed locally. The reason for this apparently
wasteful process is not known. In the thymus, the
lymphocytes acquire new surface anugens ( Thy
antigens). Lymphocytes conditioned in the thymus
are called ‘thymus (T) dependent lymphocyres' or
*T cells’. Unlike in the peripheral organs, lymphocyte
proliferation in the thymus is not dependent on
antig:nic stimulation. In faet, penpheral antigenie
Eﬁm“.l.l d-l} ot hﬂd (8] H.TI}" UTHEnUne rl:qpl:mst i.'['t I':hﬂ
thymus. Antigen introduced directly into the thymus
may lead to 4 local immune response,

Th.l: I:ii!l'mus :Uﬂf&l’ﬁ ]l'l‘:ll'l'l'.:ﬂi"l.U_L:i.L';l‘j LTI ence
on the lymphocytes during their stay in the organ.
Prethymic lymphocytes are not immunocomperent.
In the thymus they are ‘educated’ so that they
become capable of mounting cell mediared immune
response against appropriate antigens. The
importance of thymus in lvmphocyte proliferation
and development of CMI is evident from the
lymphopenia, deficent graft rejection and the so
called ‘runt disease’ scen in
thymectomised mice. Deficient CMI is also seen
in congenital aplasia of the thymus in human beings
(DiGeorge syndrome}, and in mice {(‘nude mice’).

nt{:lr.ttﬂ]]}r
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T lymphocytes are selectively seeded into certain

sites in the peripheral lymphatic tissues, being found
in the white pulp of the spleen, around the central
arterioles, and in the paracortical areas of lymph
nodes. These regions have been termed ‘thymus
dependent’ as they are found grossly depleted after
neonatal thymectomy. While thymectomy affects
CMI1 primarily, it also diminishes :nﬁfh:d}-‘ response
to many types of antigens (thymus dependent
antigens) such as sheep erythrocytes and bovine
serum albumin. Humoral response to other antigens
15 unaffected.
Bursa of Fabricius: This is a lymphoepithehal
organ arising as a pouch from the dorsal part of
the cloaca in birds. It becomes a lymphoid organ
by about the day 15 of embryonation, develops full
functional ability near hatching and starts involuting
b}r 7-13 weeks of age, curr:spundi.ng to the age of
puberty. The bursa is also a site of lymphocytic
proliferation and differentiation. Stem cells from
the yolk sac, fetal liver and bone marrow enter the
bursa, proliferate and develop into immuno-
comperent ‘bursal lymphocytes’ or B cells (B for
bursa or bone marrow). These migrare and seed
selective areas in the peripheral lymphoid
organs—the mantle, germinal follicles and
penifollicular regions of the spleen, and the far
cortical areas and medullary cords of lymph nodes.
These are known as ‘bursa dependent” or “thymus
independent areas’. Following appropriate antigenic
stimulation, B lymphocytes transform into plasma
cells and secrete antibodies.

The vital role of the bursa in humoral immunity
was discovered accidentally by Glick and Chang
(1956) who found that chickens bursectormsed at
hatching failed to form antibodies when challenged
with a bacterial antigen. Immunocompetence is
conferred on the lymphocytes by the bursa in
stages. Competence for IgM production is
acquired early (about day 14 of embryonation)
and for IgG late (about day 21). Birds
bursectomised on 18 to 20 days synthesise IgM,
but not IgG.
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In humans and other mammals, the bone
marrow acts as the bursa equivalent. All
lymphocytes oniginate in the bone marrow. While
T I}rmphﬂcrtti dl:"l"l:]ﬂp i'ﬂ th:‘ th}'muﬁ, E
lymphaocytes develop in the bone marrow itself. In
the human fetus, Peyer's patches develop and
lymphoid cells appear in the spleen and lymph nodes
by the 20th week of gestation. From then on the
fetus is able to produce IgM and IgD). It receives
maternal IgG, but IgA and IgE are not present. Ar
birth IgM production is enhanced, but IgG level
falls steadily, to reach miminum levels by the 3rd
month. IgG production then picks up and becomes
adequate by 2-3 years. Full immunocompetence is
attained only after the first decade of life.

PERIFHERAL (SECONDARY) LYMPHOID
ORGANS

Lymph nodes: Lymph nodes are placed along
the course of lympharc vessels, They are surrounded
by a fibrous capsule from which trabeculae
penetrate into the nodes. The node can be
differentiated into an outer cortex and an inner
medulla. In the cortex are accumulations of
lymphocytes (primary lymphoid follicles) within
which germinal centres (secondary follicles)
develop during antigenic stimulation. The follicles
contain, besides proliferating lymphocytes, dendntic
macrophages which capture and process the
antigen. In the medulla, the lymphocytes, plasma

cells and macrophages are arranged as elongared
branching bands (medullary cords). The cortical

follicles and medullary cords contain B lymphocytes
and constitute the bursa dependent areas. Berween
the cortical follicles and medullary cords, there is
a broad, ill-defined intermediate zone (paracorncal
area) which contains T lymphocytes and
interdigitating cells. This constitutes the thymus
dependent area (Fig. 15.2).

Lymph nodes act as a filter for lymph, each
group of nodes draining a specific part of the body.
They phagocytose foreign materials including
microorganisms. They help in the proliferation and
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circulation of T and B cells. They enlarge following
local antigenic stimulation.

Spleen: The spleen is the largest of the lymphoid
organs. It has a capsule from which trabeculae
descend, dividing the organ into several
nterconnected compartments. The branches of the
splenic artery travel along the trabeculae, and on
leaving them branch again to form the central
arterioles, which are surrounded by a sheath of
lymphoid tissues. This part 1s known as the whire
pulp of the spleen and may constitute about half to
three quarters of the organ, following antigenic
stimulation. The central arterioles proceed onto the
red pulp, so called because of the abundance of red
blood cells in it

The periarterial lymphoid collections in the
white pulp of the spleen are called the Malpighian
corpuscles or follicles. Germinal centres develop
following antigenic stimulation. Surrounding the
germinal centre is a ‘mantle layer’ of lymphocytes.
Immediately outside the periartenal lymphatic
sheath and separating it from the red pulp les the
marginal zone. The lymphatic sheath immediately
surrounding the central arteriole is the thymus
dependent area of the spleen. The perifollicular
region, germinal centre and mantle layer form the
bursa dependent (thymus independent) areas (Fig.
15.3). ]

The spleen serves as the graveyard for effete
blood cells, as a reserve tank and settling bed for
blood and as a systerme filter for trapping circulating
bloodborne foreign particles. The immunological
tunction of the spleen 1s pnmanly direcred against
bloodborne antigens.

Mucosa associated lymphoid tissue
(MALT): The mucosa lining the alimentary,
respiratory, genitourinary and other lumina and
surfaces are constantly exposed to numerous
antigens. These areas are endowed with a rich
collection of lymphoid cells, either specialised
aggregates like the Peyer's patches or scattered
solated lymphoid follicles—collectively called the
mucosa associated lymphoid tissue (MALT). Such
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lymphoid tissues in the gut, from the adenocids and
tonsils to the follicles in the colon, are called the
gut associated lymphoid tissue (GALT) and those
in the respiratory tract, the bronchus associated
lymphoid tissue (BALT).

MALT contains lymphoid as well as phagocytic
cells. Both B and T cells are present. While the
predominant immunoglobulin produced in the
mucosa is secretory IgA, other immunoglobulin
classes, Ig(G, IgM and IgE are also formed locally.

There appears to be a free traffic of antigen-
specific effector lymphocyres between the various
mucosal and secretory areas, so that an antigenic
exposure at one site may cause production of the
specific antibody at the other mucesal and secretory
sites also. This indicates the existence of a common
mucosal or secretory immune system and explains
the superiority of oral or nasal immunisation over
the parenteral route for many enteric and respiratory
infections.

CELLS 0F THE LYMPHORETICULAR
SYSTEM

Lymphocytes: Lymphocytes are small, round
cells found in peripheral blood, lymph, lymphoid
organs and in many other tissues. In peripheral
blood, they constitute 20-45 per cent of the
leucocyte population, while in lymph and lymphoid
organs they form the predominant cell type. The
human body contains about 10" lymphocytes,
approximately 107 of them being renewed daily. Only
about one per cent of the total body lymphocytes
are present in the blood. Ehrlich (1879) who
introduced a staining technique for blood cells
described lymphocytes as nonmotile end cells with
no recognisable function! Lymphocytes are now
recognised as the major cellular elements
responsible for immunelogical responses.

According to their size, lymphocytes can be
classified into small (5-8 pm), medium (8-12 pm)
and large (12-15 pm) lymphocytes. Small
lymphocytes are the most numerous. They consist

of a spherical nucleus with prominent nuclear
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chromatin and a thin rim of cytoplasm, containing
scattered ribosomes but virtually devoid of
endoplasmic reticulum or other organelles. They
are capable of slow motlity and during movement
assume a ‘hand mirror form, with the nucleus in
front and the cytoplasm as a tail behind.
Depending on their ]iﬁ:spun, they can be
classified as short-lived and long-lived lymphocytes.
In human beings, the short lived lymphocytes have
a lifespan of about two wecks, while the long lived
cells may last for three years or more, or even for
life. Short hived lymphocytes are the effector cells
in mmune response, while the I::u:ng lived cells act
as the storehouse for immunological memory. Long
lived cells are mainly thymus derived.
Lymphopoiesis takes place mainly in the central
]}’mphﬂ-ld I.'.IFEE.I'IH “'hl:]'l: [!'II:}' l::l.llf-fl'_'l.'tl'.lti:ltf Hlld
marure before entering the circulation and then the
peripheral lymphoid organs and tissues like a
policeman on beat patrol. These populations of
lymphocytes do not remain distinct but mix together
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in a process known as ‘lymphocyte recirculanion’.
There is a constant traffic of lymphocytes through
the blood, lymph, lymphatic organs and tissues.
This recirculation ensures that following
introduction of antigen into any part of the body,
lymphocytes of appropriate specificity would reach
the site during their ceaseless wandering and mount
an immune response, A lymphocyte completes one
cyele of recirculation in about one or two days.
Recirculating lymphocytes can be recruited by the
lymphoid tissues whenever necessary. Recirculating
lymphocytes are mainly T cells. B cells tend to be
more sessile. Chronic thoracic duct drainage will
therefore result in selective T cell depletion.

A lymphocyte that has been ‘educated’ by the
lymphoid organs becomes an
‘immunologically competent cell’ (ICC). Mature
T and B cells, before they encounter antigens are

central

called naive cells. Such cells, thnugh not atrual]}r
engaged in an immunological response, are
nevertheless fully qualified to undertake such a
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Fig. 15.2 Diagrammatic section of lymph node (arrows indicate the path of lymph flow).
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responsibility when appropriately stimulated by an
antigen. They subserve the following functions—
recognition of antigens, storage of immunological
memory, and immune response to specific antigens.
Lymphocyses have antigen recognition mechamsms
on their surface, enabling each cell to recognise
only one antigen. The reaction of an
immunocompetent cell to its specific antigen may
be induction of either ‘tolerance’ or the immune
response. | he nature of immune response depends
on whether the lymphocyte is a B or T cell.
Stimulated T cells produce certain activation
products {lymphokines) and induce CMI, while
stimulated B cells divide and transform into plasma
cells which synthesise immunoglobulins,

A number of surface antigens or markers have
been identified on lymphocytes and other leucocytes
by means of monoclonal antibodies, These
markers reflect the stage of differentiation and
functional properties of the cells. As they were given
different designations by the invesngators who
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prepared the antibodies, the same marker came to
be known by ditferent names (T4, Leu3, and so
on), Order was introduced at the ‘International
Workshops for Leucocyte Differentiation
Antigens’ by companing the specthcities of different
antisera. When a cluster of monoclonal antibodies
was found to react with a particular antigen, it was
defined as a separate marker and given a CD (cluster
of differentiation) number. Over 150 CD markers
have been identified so far. Table 15.1 lists a few
CD markers, with their cell association and
pn:vi.nus d:signatinns. {In spite af the CD
nomenclature, some popular old names continue
tor be in use, for example, T4 and T8 are sull in use
for CD4 (helper/inducer) and CDE (suppressor/
cytotoxic) cells).

The most clearcut differentiation between T and
B cells is by their surface markers, for example, by
demonstration of CD3 on T cells and Ig on B cells.
Many other tests help in their differentiation (Table
15.2). These include:
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1. T cells bind to sheep erythrocytes forming
rosettes (SRBC or E rosette) by CD2 antigen.
B cells do not.

2. B cells bind to sheep erythrocytes coated with
antibody and complement, forming EAC
rosettes, due to the presence of a C3 receptor
{(CR2) on the B cell surface. This receptor
(CR2) also acts as a receptor for the Epstein—
Barr virus. T cells do not possess this,

3. B cells have immunoglobulin on their surface.
Each B cell carries about 10° identical Ig
molecules on its surface. The first Ig class to
appear on the B cell surface is monomeric Ighl.
Subsequently other classes (either IgG, IgA or
IgE) may be present, along with IgD. The
surface Ig on a B cell will have only a single
antigen specificity. It therefore serves as the
antigen recognition unit. T cells do not have
surface Ig. Instead they have T cell receptors
(TCR) composed of two chains of polypeptides,
linked to CD3.

4. T cells have thymus-specific antigens, which
are absent on B cells.

5. T cells undergo blast transformation on treatment
with mitogens such as phytohemagglutinin (PHA)
or Concanavalin A (Con A), while B cells
undergo similar transformation with bacterial
endotoxins, Staphylococcus aureus (Cowan 1
strain) or EB virus.

6. Viewed under the scanning microscope, T cells
are gr_nerﬂIly free of cytoplasmic surface
projections, while B cells have an extensively
filamentous surface, with numerous microvilli.

T CeLL MaTturaTION

T cell precursors from the yolk sac, fetal liver and
bone marrow migrate to the thymus during the
embryonic and postnatal stages. The earliest
identifiable cells of T lineage are the CD7* pro-T
cells, which acquire CDD2 on entering the thymus.
They synthesise CD3 in the lasm and become
pre-T cells. T cell receptor (TCR) synthesis also
takes place.
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TCR is a heterodimer of glycoprotein chains
expressed on the T cell surface, which in association
with CD3 acts as the antigen recognition unit,
analogous to the Ig on the surface of B cells, TCR
occurs as two pairs of glycoprotein chains, either
otf or ¥, Pre-T cells differentiate into two lineages,
cxpressing either aff or ¥ TCR chains. The large
majority of T cells carry af TCR. TCR chains
contain four separately encoded regions—V or
variable, D or diversity, ] or joining and C or
constant, as in the case of immunoglobuling and
hence belong to the immunoglobulin gene
superfamily. By reassortment of these regions a very
wide repertoire of antigen specificities can be
formed on the T cell surface (Fig. 15.4).

Contact with self antigens within the thymus
leads to the destruction of immature T cells carrying
the corresponding TCR. Thus, self tolerance or
elimination of T cells capable of reacting with self
antigens takes place in the thymus. But cells capable
of reacting with autoantigens continue to arise
throughout life. These potentially harmful
‘forbidden clones’ are deleted by antigen specific
suppresor cells. Immunocompetence against foreign
antigens is also developed in the thymus.

T cells also develop MHC restriction so that
CD&* cells respond only to foreign antigens
presented along with HLA Class I, and CD4" cells
to those presented with HLA Class IT molecules.

Immature T cells in the thymus exhibit CD7,
2, 3,1, 4 and 8, besides TCR. On funcrional
muaturity, they lose CD1 and differentiate into the
two major subsets CDE 4" or CD478", Mature
CD8 4" TCR aff cells are helper/inducer cells,
inducing B cell differentiation, stimulating
proliferation of CD8® cytotoxic cells, producing
lymphokines and regulating certain stages of
erythropoiesis. CD478* TCR af cells are
suppressor/cytotoxic cells, inhibiting B cell antibody
synthesis and acting as cytotoxic effector cells. Minor
subsets of CD4" cells and CD8" cells also exist.
Small numbers of CID4'8" and CID478 cells are
also present in arculation.
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The function of TCR 6 cells 15 not well
understood, but they are believed to be immune
surveillance cells on epithelial surfaces and a form
of defense against intracellular bacteria.

Sequential antigenic changes charactensing T cell
maturation enable their easy identification. This has
application in defining T cell malignancies. Acure T
cell malignancies such as lymphoblastic leukemia and
lymphomas involve early T cells, pro-T cells and other
immature forms. Chronic T cell malignancies like
mycosis fungoides, peripheral T cell lymphomas and
HTLV-1 associated adult T cell leukenmas involve
mature T cells, mainly CD4* cells.

T cells are broadly classified as regulatory and
effector cells. Based on their surface markes, target
cells and functions the following T cell category
have been identified:

1. Helper/inducer cell (TH), with CD4 surface
marker, MHC class 11 restriction; generally
stimulating and promoting the growth of T cells
and macrophages. Based on the different profiles
of cytokines produced, two subsets are identified.
TH1 and TH2.

TH1 cells produce mainly the cytokines

interferon gamma (IFN-v) and interleukin-2

(IL.2) which activate macrophages and T cells

promoting CMI, destruction of target cells and

killing of intracellular microbes, such as
tubercle and ll!.']:lnl bacilli.

TH2 cells produce mainly the cytokines 114, 5

and & which stimulate B cells to form antibodies,

2. Suppressor T cell (Ts): these have CD8 surface
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marker and MHC class [ restriction. They down
regulate immune responses and check over
stimulation.

3. Cyrotoxic/cyrolytic T cell (T ) with CD8 surface
marker and MHC class I restriction. These can
kill and lyse target cells carrying new or foreign
antigens, including tumour, allograft and virus
infected cells.

4. Memory cells Tm both CD4 and CD8 cells
provide memory and anamnestic immune
responses.

B CELL MATURATION

B lymphocyte precursors, pro-B cells, develop in
the fetal liver during embryonic life and in the bone
marrow afterwards continuously throughout life.
Rearrangement of immunoglobulin genes takes
place on their becoming pre-B cells, which
synthesise cytoplasmic IgM. In the next stage -
immature B cells = IgM is expressed on the cell
surface. These cells migrate to the penphery and
undergo immunoglobulin isotype switching so that
instead of IgM alone, the cell expresses on its
surface IgD), as well as one of the other Ig classes—
IgM, 1gG, lgA or IgE. By reassortment of lg genes,
B cells develop the capacity to produce lg molecules
which can react with all the possible epitopes. By
a process of allelic exclusion, each B cell becomes
programmed to form only one class of Ig, with either
kappa and lambda light chain, possessing specificity
to a single epitope alone, and to express it on the
cell surface. By contact with self antigens during

Table 15.1 Levcocyte differentiation antigens (a few examples)

CD number Cell type association Former designations
CD1 Thymaocytes, Langerhans ceils T, Leu 6

CcD2 T cell SRBC recepror T11, Leu 5

cD 3 T cell antigen receptor complex T3, Leu 4

Ch 4 Helper T cell {recepror for HIV) T4, Leu 3

CD 8§ Suppressor/cytotoxic T cells T8, Leu 2

CD 19 B cells B4, Leu 12
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Table 15.2 Some distinguishing characteristics of T cells, B cells and macrophages

Property T cell B cell Macrophage
CD 3 receptor * - -
Surface immunoglobulins - -
Receptor for Fe piece of 1gG - -
EAC rosette
(C3 recepror; CR2; EBV receptor) - + -
SRBC rosette (CD2; measles receptor) + -
Thymus-specific antigens - - -
MNumerous microvilli, on surface - + -
Blast transformation with:
a. anti-CI) 3 + — -
b. anti-lg - + -
«. PHA + - -
d. Concanavalin A + - -
e. Endotoxins = + =
Phagocytic action - - +

Adherence to glass surface

development, self rolerance is developed by clonal
deletion or an

On conract with its appropriate antigen, the
mature B cell undergoes clonal proliferation, Some
activated B cells become long-lived memory cells
responsible for the recall phenomenon seen on
subsequent contact with the same antigen. The
majority of activated B cells are transformed: into
plasma cells.

Plasma cell is the antibody secreting cell. It is
oval, about twice the size of a small lymphocyte,
with an eccentrically placed oval nucleus containing
large blocks of chromatin located peripherally
(cartwheel appearance). The cytoplasm is large and
contains abundant endoplasmic reticulum and a
well-developed Golgi apparatus. It is structurally
designed to be an immunaoglobulin producing
factory. Plasma cells are end cells and have a short
lifespan of two or three days. A plasma cell makes
an antibody of a single specificity, of a single
immunoglobulin class and allotype, and of a single
light chain type only. An exception is seen in the
primary antibody response, when a plasma cell
producing  IgM initially, may later be switched to
IgG production. While plasma cell is the best antibody

producing cell, lymphocytes, lymphoblasts and
transitional cells may also synthesise Ig to some
extent.,

A separate lineage of B cells, which are
predominant in fetal and early neonatal life, express
the T cell marker CDD5 on their surface and have
been named as B1 cells. Their progenitor cells move
from the fetal liver to the pentoneal cavity where
they multiply. They secrete low affinity polyreactive
IgM antibodies, many of them autoantibodies. They
are responsible for the T-independent ‘natural’ IgM
antibacterial antibodies which appear in neonates
seemingly without antigenic stimulus. CD5+ B
cells may be relevant in the causation of autoimmune
conditions.

NuLL
When circulating lymphocytes are classified by
their surface markers into T and B cells, about
5-10 per cent of the cells are found to lack features
of either type. They were called null cells. Because
of their morphology, they are also known as lange
granular lymphocytes (LGL). They are nearly

double the size of the small lymphocytes, with
indented nuclei and abundant cytoplasm containing

CELLS
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several azurophilic granules, composed of
mitochondna, ribosomes, endoplasmic reticulum
and Golgi apparatus. LGL are a heterogeneous
group of cells with differences in their functional
and surface marker features. The most important
member of this group is the natural killer (NK)
cell. Others are the antigen dependent cytotoxic
cells (ADCC) and the lymphokine activated killer
{LAK) cells. The term NK cell is sometimes used
as a common name for all null cells,

Natural killer cells possess spontaneous
cytotoxicity towards various target cells, mainly
malignant and virus infected cells. Their cytotoxicity
is not antibody dependent or MHC restricred. NK
activity 15 ‘natural’ or ‘nomimmune’ as it does not
require sensitisation by prior antigenic contact. NK
cells therefore form part of the innate immune set-
up. They belong to a different lineage from T and
B cells and are therefore active in ‘severe
combined immunodeficiency diseases’, in which
mature T and B cells are absent. They have CD16
and CD56 on their surface. They bind to the
glycoprotein receptors on the surface of autologous
as well as allogeneic target cells and release several
cytolytic factors. One of these, perforin, which
resembles complement component C9, causes trans-
membrane pores through which cytotoxic factors,
such as the tumour necrosis factor beta, enter the
cell and destroy it by apoprosis (programmed cell
death). NK cell activity is augmented by interferon.
They are considered to be important in immune
surveillance and narural defence against virus
infected and malignant mutant cells.

A subpopulation of LGLs possesses surface
receptors for the Fe part of Ig. They are capable of
lysing or killing target cells sensitised with IgG
antibodies. This antibody dependent cellular
cytotoxicity is distinct from the action of cytotoxic
T cells, which is independent of antibody. ADCC
cells were formerly called killer (K) cells but are
now classified with NK cells.

Lymphokine activated killer (LAK) cells are NK
lymphocytes treated with interleukin-2 {IL2),
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which are cytotoxic to a wide range of tumour cells
without affecting normal cells. LAK cells have
shown promise in the treatment of some tumours
such as renal cell carcinoma. IL2 also acts as a
growth factor for NK cells.

Phagoevtic cells: Phagocytosis is phylo-
genetically the oldest defence mechanism in
animals. Originating in protozoa as a combined
mechanism for nutrition and defence, along the
course of evolution, the phagocyte lost its trophic
functions with the development of digestive
enzymes. In higher organisms it specialised in the
removal of foreign and autochthonous particles.
Phagocytic cells are the monoenuclear macrophages
{of blood and nssues) and the polymorphonuclear
microphages.

The blood macrophages (monocytes) are the
largest of the lymphoid cells found in peripheral
blood (12=15 pm). The tissue macrophages
(histiocytes) are larger (15-20 pm). Mononuclear
macrophage cells onginate in the bone marrow from
precursor cells and become monocytes in about six
days. Monocytes in circulation have an approximate
half-life of three days. They leave the circulation
and reach various tissues to become transformed
into macrophages, with morphological and
functional features characteristic of the tissues, such
as alveolar macrophages in the lungs and Kupffer
cells in the liver. Tissue macrophages survive for
months, Multinucleated cells and epithehiond cells
seen in granulomatous inflimmatery lesions such
as tuberculosis originate from mononuclear
macrophage cells.

The primary function of macrophages is
phagocytosis. These cells move slowly in a
ponderous and purposeful manner, their abundant
cytoplasm thrusting out restless pseudopodia that
ghde harmlessly past normal body cells but engulf
effete cells and foreign particles. They accumulate
in areas of inflammation or tissue damage by
chemotaxis. Particles sensitised by antibodies are
phagocytosed more readily. The phagocytosed
particle is held inside a vacuole (phagosome), the
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membrane of which fuses with a lysosome, forming
a ‘phagolysosome’, Lysosomal enzymes digest the
particle, the remnants being extruded from the cells.
While phagocytosis 15 an effective defence against
most microorganisms, some {such as the bacilli of
typhoid, brucellosis and wberculosis) resist digestion
and may multiply in the cells and be transported in
them to other locations.

Macrophages express many surface receptors
including Ia proteins, those for the Fc part of IgG,
activated complement components and various
lymphokines. Mac 1 is a protein antigen found on
mouse macrophages. A similar protein on human
macrophages has been named M1 marker. This
appears closely related to CR3, a cell receptor for
3 components.

Macrophages may participate in several ways
in the induction and execution of the specific
immune response. They trap the antigen and provide
it, in optimal concentration, to the hmphocytes.
Too high a concentration of antigen may be
tolerogenic, and too low a concentration may not
be immunogenic. It has also been shown that with
some antigens, prior processing by macrophages is
an essential prerequisite for induction of antibodies.

The processing and presentation of antigen by
the macrophage to T cells require that both the
cells possess surface determinants coded for by the
same major histocompatibility complex (MHC)
genes. The T cell can accept the processed antigen
only if it is presented by a macrophage carrying on
its surface the self~-MHC antigens. When the
macrophage bears a different MHC antigen, it
cannot cooperate with the T cells. This is MHC
Festricton,

The functional efficiency of macrophages can
be increased in many ways. They may be “activated’
by lymphokines, complement components or
interferon. Activared macrophages are not antigen-
specific. For example, activated macrophages from
animals infected with one microorganism are
cytotoxic to tumour cells as well as to many other
microorganisms. Activated macrophages show
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morphological and functional changes as compared
with unstimulated quiescent macrophages. They are
larger, adhere better, spread faster on glass and are
more phagocytic. They secrete a number of
biologically active substances, including hydrolytic
enzymes, binding proteins (fibronectin, ansfernin),
tumour necrosis factor (cacheetin), colony
stimulating factor (CS5F) and interleukin 1
{formerly called the lenkocyte activating factor).
Interleukin 1 acts as an endogenous pyrogen and
also induces synthesis of interleukin 2 by T cells,
Interleukin 2 facilitates the activation of T' cells.
When stimulated by cytophilic antibodies and
certain lymphokines, macrophages become "armed’,
Such armed macrophages are capable of antigen-
specific cytotoxicity, which is important in
antitumour activity and graft rejection.
Microphages are the polymorphonuclear
leucocytes of the blood—neutrophils, eosinophils
and basophils. Neutrophils are actively phagocytic
and form the Fn:clmmin:mr cell type 1n acute
inflammation. The phagocytic property of
neutrophils is nonspecific, except for its
augmentation by opsonins. They do not appear to
have any role in specific immune processes.
Eosinophilic leucocytes are found in large numbers
in allergic inflammation, parasitic infections and
around antigen—antibody complexes. They prmanly
inhabit tissues rather than the bloodstream. Their
distinctive feature is the presence of two types of
granules—+the small, round, homogeneous ones  and
the large ‘ovoid ones. The gramiles contain a varety
of hydrolytic enzymes whiach bring about extracellular
killing of large parasites. Eosinophils possess

}'ll'laguc_','til: actrvity but cu'll:,' to a lmited -I:I-I:E‘I!‘tt.

Basophil leucocytes are found in the blood and
tissues (mast cells). Their cytoplasm has large
numbers of prominent basophilic granules
containing heparin, histamine, serotonin and other
hydrolyric enzymes. Degranulation of mast cells,
with release of pharmacologically active agents,
constitutes the effecror mechanism in anaphylactic
and atopac :Jltrg}r.
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Dendritic cells: While macrophages are the
rn:ljnr mﬁgtn prﬂeﬂting celln, another bpe of cell
known as the dendritic cell also performs this
function. Dendritic cells are bone marrow derived
cells of a lineage different from the macrophages
HTI.'I:I T or H I}"fl'l]_'lhﬂ':}'t:ﬁ-. T‘]'I.‘I:J" Pﬂ!-iﬁt!-iﬁ- :'rll HC L'IHSH
II anmigens but notr Fe or sheep RBC receptors or
surface immunoglobulins, They have little or no
Fhugu:]r'til_' activity. They are highly pleomorphic,
with a small central body and many long needle-
like processes, and are present in the peripheral
blood and in the peripheral lymphoid organs,
particularly in the germinal areas of the spleen and
lymph nodes. Dendritic cells are specially involved
in the presentation of antigens to T cells during
the primary immune response.
The B cell 15 another antigen presenting cell,
particularly during the secondary immune response.
Langerhans cells in the skin possess features of
macrophages and dendritic cells. They process and
present antigens that reach the dermis.

Mator HIsSTOOCOMPATIBILITY
ComrrLEx (MHCC)

The primary function of the immune system 1s the
recognition and elimination of foreign cells and
antigens that enter the body. Tissues and organs
grafted from one individual to another member of
the same species (‘allografts’) are recognised as
Fﬂﬂ:igﬂ ﬂ.l'ld. ﬂ:jl:l:tl:d.. It WHAs ‘l']'ll: I:E.'I'].'_'r' "!l'l::l!'}l l:]f G’I’JI’EI
in the 1930s on the antigens responsible for allograft

rejection in inbred mice that led to the discovery of

the major histocompanbihty complex (MHC).
Gorer identified two blood group antigen
systems in mice, one of which (antigen 1) was
common to all the strains, Anngen 2 was found
only in some strains and appeared to be responsible
for allograft rejection. This was called the H-2
antigen (H for histocompatibility; Chapter 20},
The histocompatibility antigens are cell surface
antigens that induce an immune response leading
to rejection of allografts. (H-2 antigen system was
found o be the major histocompatibility antigen
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for mice and to be coded for by a closely linked

multigllelic cluster of genes, which was called the

major histocompatibility complex.

The development of congenic and recombinant
straing of mice by Snell enabled the detailed analysis
of the various loci of this complex. {The term
‘congenic’ means animals which differ only at a
!-ii]'lElI: genetic loscus ). Dausset piunﬂ:r:d studies on
human leucocyte anngens, which were later found
to be the major histocompatibility antigens in
human beings.

The genetic basis of immune response, which
had been suggested by many early observations, was
proved by Benacerraf and colleagues, who
established that the ability to respond
immunologically to an anngen was conditioned by
specific genes called the immune response (Ir)
genes, For their work on MHC and the genenic
I:I.']TI.IZI'I.'.I] E'F ImInLune I‘I:5P-DI'ISI:1 SI'H:I]., DIE.IJEEET E.'I.'Id
Benacerraf were awarded the Nobel Prize for
Medicine in 1980,

Early studies on MHC were carried out in mice.
However, all species of animals (including human
beings) examined subsequently were found to
possess a similar complex of genes on a segment of
one chromosome pair, coding for three different
classes of proteins:

1. Class 1 proteins that determine histo-
compatibility, and the acceptance or rejection
of allografes (tissues or organs from different
individuals within the same species);

2, Class II proteins that regulate the immune
response; and,

3. Class 11l proteins that include some components
of the complement system and a few others.
The name ‘histocompatibility complex’ arose

because its discovery was based on transplantation

experiments, and only later were the other rwo
components of the complex identified. The major
antigens determining histocompatibility in human
beings are alloanngens, characteristically found on
the surface of leucocytes. Human MHC antigens
are therefore synonymous with human leucocyte
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antigens (HLA), and the MHC complex of genes

with the HLA complex.

HLA complex: The HLA complex of genes is

located on the short arm of chromosome 6 (Fig.

15.5). It consists of three separate clusters of genes:

1) HLA class 1 comprising A, B and C log;

2) Class 11 or the D region consisting of DR, DO
and DP loci; and

3) Class II1 or the complement region containing
genes for complement components C2 and C4
of the classical pathway, as well as properdin
factor B of the alternative p:lthw:l}r, heat shock
proteins and tumour necrosis factors o and JB.

HLA loci are mulnallelic, thar is, the gene
occupying the locus can be any one of several
alrernarive forms (alleles). As each allele determines
a distinct product (antigen), the HLA system is
very PI:nn'mThic. For l:xarl'lp[-l:, at least 24 distinct
alleles have been identified ar HLA locus A and
50 at B.

HLA molecules: HLA antigens are two-chain
ghcoprotein molecules anchored on the surface
membrane of cells {F'lg- 15.6).

Class I molecules consist of a heavy peptide
chain (alpha chain) noncovalently linked to a much
smaller peptide called beta 2-microglobulin (beta
chain). The beta chain has a constant aminoacid
sequence and is coded for by a gene on chromosome
15. The alpha chain consists of three globoid
domains (alpha 1, alpha 2, alpha 3) which protrude
from the cell membrane and a small length of
transmembrane C terminus reaching into the
cyvtoplasm. The distal domains {alpha 1 and alpha
2) have highly variable aminoacid sequences and
are folded to form a cavity or groove between them,
Protein antigens processed by macrophages or
dendritic cells to form small peptides are bound to
this groove for presentation to CDE T cells. The T
cell will recognise the antigen only when presented
as a complex with the MHC class I molecule and
not otherwise (MHC restriction). When so
presented, the CDE cytotoxic laller cell destroys
the target cell (for example, a virus infected cell).

i Textbook of Microbiology »

HLA class I antigens (A, B and C) are found
on the surface of virtually all nucleated cells. They
are the principal antigens involved in graft rejection
and cell mediated cytolysis. Class I molecules may
function as components of hormone receptors.

HLA class II antigens are more restnicted in
'I'.‘IJI.E-IIJ'IIll:".'I|:i‘|'.:|]'l.| h:‘iﬂg fnund Dﬂl}f (] c:l]ﬂ DF tht
immune system—macrophages, dendritic cells,
activated T cells, and particularly on B cells.

Class Il antigens are heterodimers, consisting
of an alpha and a beta chain (Fig. 15.7). Each chain
has two domains, the proximal domain being the
constant region and the distal the variable. The two
distal domains (alpha 1, beta 1) constitute the
antigen-binding site, for recognition by CD4
lymphocytes, in a fashion similar to the recognition
of the Class 1 antigen peptide complex by CDD8 T
cells. HLA class 1l molecules are primarily
responsible for the graft-versus-host response and
the mixed leucocyte reaction (MLR).

Both class 1 and II molecules are members of
the immunoglobulin gene superfamily. The immune
response (Ir) genes which control immunological
responses to specific antigens are believed to be
situated in the HLA Class II region, probably
associated with the DR locus. Ir genes have been
studied extensively in mice and located in the 1
region of mouse MHC. They code for Ia (1 region
associated) antigens consisting of 1A and 1E
proteins. However, the relevance of Ir genes in
humans is not clear,

HLA class III molecules are heterogeneous.
They include complement components linked to
the formation of C3 convertases, heat shock proteins
and tumour necrosis factors. They also display
polymorphism.

The MHC system was originally identified in
the context of transplantanion, which is an artificial
event. In the natural state, besides serving as cell
surface markers that help infected cells to signal
cytotoxic and helper T cells, the enormous
poelymorphism of the MHC helps maximise
protection against rmicrobial infections. By increasing
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the specificity of self antigens, the MHC prevents
microbes with related antigenic make up sneaking
past host immune defences by molecular mimicry.
The primary aim of the MHC may be defence
against microbes and not against the graft.

MHC has been implicated in a number ot
nonimmunological phenomena such as individual
adour, body weight in mice and egg laying in
chickens.

HL.A tvping: Antisera for HLA typing were
obtained panapally from multiparous women as

Fig. 15.6 HLA Class | molecule
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they tend to have antibodies to the HLA annigens
of their husbands, due to sensitisation rjur'mg
pregnancy. Monoclonal annbodies to HLA antigens
have been d:v:lnrupd. T}Ting 15 done Wrnlngi:ally
by microcytotoxicity, which tests for complement
mediated lysis of peripheral blood lymphocytes wath
4 standard set of typing sera. However, serological
typing s not possible for HLA-DR antigens, which
are detected by the mixed leucocyte reaction (MLR)
and primed lymphocyte typing (PLT), respectively.

Genetic methods are b:ing used increasingly for

Fig. 15.7 HLA Class. Il molecule
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HLA-typing in advanced centres. These employ
restriction fragment length polymorphism (RFLP)
and gene sequence specific oligonucleotide probe
typing

The HLA antigens coded for by the
combination of alleles at each locus on one strand
of a chromosome pair represent the haplotype. The
complete HLA type of an individual comprises the
antigens represented on both strands of the diploid
chromosome and so will consist of two haplotypes
(for example, HLA-A1, -A2; -B7, -B12; -Cw3,
-Dw8; Dw4; -DwT; -DR1; -DR7; DOQwl; -Qw3;
-DPw4; -DPwh).

Due to the extreme pleomorphism of the HLA
system, delineation of the HLA type provides a
method of typing of individuals, that is far more
discriminating than blood grouping. HLA typing
15 used primarily for testing compatibility between
recipients and potential donors before tissue
transplantation. It also has applications in disputed
paternity. As the prevalence of HLA types varies
widely between different human races and ethnic
groups, HLA typing 15 used in anthropological
studies. Population studies of HLA polymorphism
suggest the origin of the human species in Africa
and emigration as different subtypes to other
continents. An association has been observed
between HLA types and certain diseases. Such
diseases are generally of uncertain etiology,
associated with immunological abnormalities and
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exhibit a hereditary tendency. For example, strong
association has been found between ankylosing
spondylitis and HLA-B27, rheumatoid arthritis and
HLA-DR4, and many autoimmune conditions and
HLA-DR3.

MHC REesTRICTION

The importance of MHC antigens in immune
reaction is indicated by the finding that T cells
respond to processed antigens on the macrophages
and other accessory cells only when they are
presented along with the self-MHC antigen, This
is known as MHC restriction. Both class [ and class.
IT antigens operate in this phenomenon. Cytotoxic
T lymphocytes from immunised mice are able to
kill and lyse virus infected target cells only when
the T cells and target cells are of the same MHC
type. so that the T cells can recognise class | MHC
antigens on the target cells. Helper T cells can accept
antigen presented by macrophages only when the
macrophages bear the same class 11 MHC
molecules on the surface. For T cells participating
n delayed type hypersensitivity the antigen has to
be presented along with class II MHC
determinants.

In view of the great importance of MHC
restriction in immunological control, the Nobel
Prize for Medicine for the year 1996 was awarded
to Perer Dioherty and Rolf Zinkernagel for their
seminal contributions in this area.
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The specific reactivity induced in a host by an
antigenic stimulus is known as the immune
response. In infectious disease it is generally equated
with protection against invading microorganisms.
But the immune response has a much wider scope
and includes reactions against any antigen, living
or nonliving. It may lead to consequences that are
beneficial, indifferent or injurious to the host. It
alse includes the state of specific nonreactivity
(tolerance) induced by certain types of antigenic
stimuli. The immune response can be of two

— the humoral (antibody mediated) and the cellular
(cell mediated) types. The two are usually
dmlﬂp:d tﬂgl:thl:r, thﬂush at ﬁmﬂﬁ onc or 'I']'":
other may be predominant or exclusive. They
usually act in conjunction but may sometimes act
In opposition.

Antibody mediated immunity (AMI) provides
prmary defence against most extracellular bacterial
pathogens, helps in defence against viruses thar infect
through the respiratory or intestinal tracts, prevents
recurrence of virus infections and participates in the
pathogenesis of immediate (types 1, 2 and 3)
hypersensitivity and certain autoimmune diseases, Cell
mediated immunity (CMI) protects against fungi,
viruses and facultative intracellular bactenal pathogens,
participates in the rejection of homografts and graft-
versus-host reaction, provides immunological
surveillance and immunity against cancer, and mediates
the pathogenesis of delayed (type 4) hypersensitivity

and certain autoimmune diseases.
HUMORAL IMMUNE RESPONSE
The production of antibodics consists of three steps:

Immune Response

1. The entry of the antigen, its distnbution and fate
in the tissues and its contact with appropriate
immunocompetent cells (the afferent limb).

2. The processing of antigen by cells and the
control of the antibody forming process (central
functions).

3. The secretion of antibody, its distribution in
tissucs and body fluids and the manifestations
of its effects (efferent limb).

Antibody production follows a characteristic pattern

consisting of:

2 A lag phase, the immediate stage following
antigenic stimulus during which no antibody is
detectable in circulation.

b. A log phase in which there is steady rise in the
titre of antibodies.

¢. A plateau or steady state when there is an
equilibrium between antibody synthesis and
catabolism.

d The phase of decline during which the
catabolism exceeds the production and the titre

falls (Fig. 16.1).
PRIMARY AND SECONDARY RESPONSES

The antibody response to an initial antigenie
stimulus differs qualitatively and quantitatively from
the response to subsequent stimuli with the same
antigen. The former 15 called the primary response
and the latter the secondary response (Fig. 16.2).
The primary response is slow, sluggish and short-
lived, with a long lag phase and low titre of
antibodies that does not persist for long. In contrast,
the secondary response is prompt, powerful and
prolonged, with a short or negligible lag phase and
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a much higher level of antibodies that lasts for long
periods. The antibody formed in the primary response
is predominantly IgM and in the secondary response
IgG. The early antibody is more specific but less avad
than the late antibody. The duration of the lag phase
and the persistence of the antibody vary with the nature
of the antigen. With some antigens such as diphtheria
toxoid, the lag phase in the pnmary response may be
as long as 2-3 weeks, while with pneumococeal
polysaccharide, antibodies can be detected as early as
within a few hours.

A single injection of an antigen helps more in
sensitising or priming the immunocompetent cells
prudurj.ng the Plnil:ular a.ntll:-ucl}r than in the actual
elaboration of high levels of antibody. Eftective
levels of antibody are usually induced only by
subsequent injections of the antigen. It is for this
reason that nonliving vaccines are given in multiple
doses for active immunisation. The first injection
1s known as the priming dose and subsequent
injections as booster doses. With live vaccines, a
single dose is sufficient as multiplication of the
organism in the body provides a continuing
antigenic stimulus that acts as both the priming
and booster dose,

When an antigen is injected into an animal

already carrying the specific antibody in circulation,

Fig. 16.1 Primary immune response. An antigenic
stimulus 1. latent period. 2. rise in titre of serum
antibody. 3. Steady state of antibody titre. 4. decline
of antibody titre.
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Fig. 16.2 Effect of repeated antigenic stimulus, A, B,

C antigenic stimuli. 1. primary immung responsa.
2. secondary immune response. . negative phase.
4. high level of antibody following booster injection.

a temporary fall in the level of circulating antibody
occurs due to the combination of the antigen with
the antibody. This has been called the negative
]:-hl.h:- It is followed b}' an increqse in the titre of
the antibody exceeding the initial level.

FATE oF ANTIGEN 1IN TISSUES

The manner in which an antigen is dealt with in
ﬂ'!t I:H:I‘d}" d:FH:ﬂdE on '&.Etﬂl'ﬁ !'Clll.']'l as ﬂ'l': Ph}'ﬂi_l:ﬂl
and chemical nature of the antigen, its dose and
route of entry, and whether the antigenic stimulus
1% ]:-rim:u'}- ar sl:cnndar].r. .«"'untig:nx introduced
intravenously are rapidly localised in the spleen,
liver, bone marrow, kidneys and lungs. They are
broken down by the reticuloendothelial cells and
excreted in the urine, about 70-80 per cent being
thus eliminated within one or two dayvs. In contrast,
antigens introduced subcuraneously are mainly
localised in the draining lymph nodes, only small
amounts being found in the spleen.

Particulate antigens are removed from
circularion in two phases. The first is the
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nonimmune phase during which the antigen is
engulfed by the phagecytic cells, broken down and
eliminated. With the appearance of the specific
:mtihnd}', the phase of immune elimination hl:g'ms,
during which antigen—antibody complexes are
formed and are rapidly phagocytosed, resulting in
an accelerated disappearance of the antigen from
circulation. With soluble antigens, three phases can
be recognised—equilibration, metabolism and
immune elimination. The phase of equilibration
consists of diffusion uf'thl; antigen to the extravascular
spaces. During the metabolic phase, the level of the
antigen talls due to catabolic decay. During the phase
of immune elimination, there is rapid elimination of
the antigen with the formation of antigen—antibody
complexes. Such complexes can cause tissue damage
E.Hl'j. I':I"I.E.J." blf TEEPUHEib].C I'-IZJF I'iI.'I':II'.I'll.'l.l'.l‘l: E[JFI'.IF].EI
diseases’ such as serum sickness.

The speed of elimination of an antigen is related
to the speed at which it 15 metabolised. Protein
antigens are generally eliminated within days or
weeks, whereas polysaccharides which are
metabolised slowly, persist for months or years.
Prneumococcal polysaccharide, for instance, may
persist upro 20 years in human beings, following a
single injection.

ProuicTioN OF ANTIRODIES

Immune response to an antigen is brought about
by three types of cells: antigen processing cells
{APC—pnincipally macrophages and dendritic cells),
T cells and B cells. The first step is the capmure and
processing of the antigens by APU and their
presentation, in association with the appropriate MHC
molecule, to T cells. While this step is essential for
most antigens (T cell dependent antigens such as
proteins and erythrocytes), in the case of T cell
independent antigens, such as polysaccharides and
other structurally simple molecules with repeating
epitopes, antibody production does not require T cell
participation.

(}nl}r when the prm:-l:ﬁsnd antigcn 15 Pn:ﬁ:ntl:d
on the surface of APC, in association with MHC
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molecules, to the T cell carrying the receptor
(TCR) for the epitope is the T cell able to recognise
it. In the case of CD4 (helper T/T ) cells, the
antigen has to be presented complexed with MHC
Class II and for CDE (cytotoxic TJTL.:I cells with
MHC class 1 molecules. B cells, which possess
surface Ig and MHC class 11 molecules, can also
present antigens to 1 cells, particularly during the
secondary response.

The TH cell requires two signals for activation.
The first signal is a combination of the T cell receptor
(TCR) with the MHC dass 1I-complexed antigen.
The second signal is interleakin-1 {1L1) which is
produced by the APC. The activated TH cell forms
interleukin-2 and other cytokines required for B cell
stirulation. These include 114, IL5 and IL6 whach
act as B cell growth factor (BCGF) and the B cell
differentiation factor (BCDF) that activate B cells
which have combined with their respective antigens
to clonally proliferate and differentiate into antibody-
secreting plasma cells. A small proportion of activated
B cells, instead of being wanstormed into plasma
cells, become long lived memory cells producing a
secondary type of response to subsequent contact with

Cytotoxic T (CD8/TC) cells are activated when
they contact antigens presented along with MHC
class | molecules. They also need a second signal
1L.2, which is secreted by activated T, cells. On
contact with a target cell carrying the antigen on
its surface, the activated T cells release cytotoxins
that destroy the target, which may be virus infected
or tumour cells. Some T . cells also become memory
cells (Fig. 16.3).

ANTIEODIES

A single antibody forming cell or clone produces
antibodies specifically directed against a single
antigen or antigenic determinant only. However,
antibodies produced ordinarily by infection or
a.ntig:ns have multipll: cpitopes of anﬁgcnic

MoNOCLON Al

determinants, each of which generates separate
clones of lymphocytes. This results in antisera
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ENVMLINE RESPONAE

Fig. 16.3 : Outline scheme of immune response against T cell dependent antigen

1. Antigen presanting cells (APC) process phagocytosed antigens (A) in their cytoplasm and prezent on the cell
surface immunogenic epitopes (E) compiexed with MHC Class |l malecules.

2. Bignals for the activation of CD4 (T} cells are a combination of the T Cell antigen receptor (TCR) with the MHG
Class llantigen complexon APC, and stimulation by IL-1 released by APC,

3. The activated T, cell sprouts IL-2 receptors and secretes cytokines which act on B cells carrying surface Ig for
the epitope, causing cell growth and differentiation (4).

5. Some of the activated B cells become memory cells (B, ], while others are transformed inio plasma cells (PC)
secreting antibody against the antigen (6).

1. Some T, cells remainas memory cells (THM).

B. Cytotoxic T cells are stimulated by IL-2 released by the activated T, cell. On contract with the epitope
complexed with MHC Class | molecules on the surface of target cells, the T, cell releases cylotoxins which
destroy the target cells (3).

10. Some T, cells become mamory cells (T, ).
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containing immunoglobulins of different classes with
specificities against different epitopes of the antigen.
On the other hand, when a clone of lymphocytes or
plasma cells undergoes selective proliferaton, as in
multiple myeloma, antibodies with a single antigenic
specificity accumulate, Such antibodies produced by
a single clone and directed against a single antigenic
determinant are called monoclonal antibodies.
Maeonaclonal antibodies are very useful mols for
diagnostic and research techniques.

An ingenious method for the large scale
production of monoclonal antibodies against any
in 1975. In recognition of the great importance of
this hybnidoma technology, the Nobel Prize for
Medicine was awarded to them in 1984, Hybridomas
are somatic cell hybrids produced by fusing antibody
forming spleen cells with myeloma cells. The resultant
hybrid retains the annbody producing capacity of the
spleen cell and the ability of the myeloma cells to
multiply indefinirely (Fig. 16.4).

Lymphocytes from the spleen of mice
immunised with the desired antigen are fused with
mouse myeloma cells grown in culture which do
not form immunoglobulins and are deficient in the
enzyme hypoxanthine phosphoribosyl transferase
(HPRT). The fused cells are placed in basal
culture medium (HAT medium containing
hypoxanthine, aminopterin and thymidine) which
does not permit the growth of the enzyme
deficient myeloma cells. As normal lymphocytes
cannot replicate indefinitely, only hybrid cells

possessing properties of both the splenic
lymphocytes and myeloma cells can grow in
culture, These hybrid cells, called hybndomas, are
cloned and examined for the production of
antibodies, Clones producing antibodies against the
desired antigen are selected for continuous
cultivation. Such hybridomas can be maintained
indefinitely in culture and will continue to form
monoclonal antibodies. They may be also injected
intraperitoneally in mice and monoclonal antibodies
may be obtained by harvesting the ascitic fluid
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produced. Hybridomas may be frozen for prolonged
storage. The discovery of the hybridoma technology
for the production of unlimited quantities of identical
monoclonal antibodies of the same Ig class, possessing
uniform specificity, affinity and other properties,
created a revolution in immunology by opening up
numerous diagnostic, therapeutic and research
applications. Monoclonal antibodies against several
ﬂ.fll:hg:‘.‘rl.'s are now avalable mrru:rqa]l}r

Murine monoclonal antibodies, however, proved
unsuitable for human therapeutic use because they
induced strong antimouse immune response.
Moreover, the Fe piece of mouse Ig could not
initiate effector defence mechanisms in human
beings. Various modifications were introduced to
improve efficiency. Cleaved Fab fragments could
be coupled to various active substances like toxins,
enzymes, radionuclides or cytotoxic drugs. Mouse
monoclonals have been humanised by genetic
manipulation to make chimeric antibodies
consisting of murine vaniable regions and human
constant regions. Grafting of murine monoclonal
CDR loops on a human Ig framework provides a
virtually human molecule. (The antigen binding
surface of an antibody is composed of six
hypervariable loops of aminoacids. These are called
complementarity determining regions or CDRs).

Human monoclonal antibodies have subsequently
been developed. Genes for particular antibody
fragments have been fused to bacteriophage genes.
Whaole libraries of such antibodies have been built
using bacteriophages. Large quantities of the desired
antibody can be prepared by infecting bacteria with
the appropriate bacteriophage. Such antibody
engineering holds great promise for immunotherapy.

FacTors INFLUENCING ANTIBODY
PropucTiON

Genetic factors: The immune response is
under genetic control. The differences in immune
response to the same antigen shown by different
individuals in a spnl:il:s 15 determined b]r E:m:t'u:
differences. The terms ‘responder’ and
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‘nonresponder’ are used to describe the individual's
‘I.:Bp'ldt.}' tos rl:spﬂnd toa F’ﬂItllE“J.E.T al'l.tigl::ll. I.I'l'l.: I'l'
(immune response) genes control this property.
Age: The embryo is immunologically immature.
The capacity to produce antibodies starts only with
the development and differentiation of lymphoid
organs. The age at which embryos acquire
immunological competence vanes with different
species. When the potential immunocompetent cell
comes into contact with its specific antigen during
embryonic life, the response is elimination of the
cell or induction of tolerance. This is believed to
be the basis for the nonantigenicity of self antigens.
Dwring embryonic life, the developing lymphoid
cells come into contact with all the tissue antigens
of the body released by cellular breakdown, so that
all the clones of cells that have specificity towards
self antigens are eliminared.

Immunocompetence is not complete at birth,
but continues to develop as the infant grows. The
infant has to depend on itself for antibody production
from 3—6 months of age, by which time the maternal
antibodies disappear. However, full competence is
acquired only by about 5-7 years for [gGG and 10~
15 years for IgA. The ontogeny of antibody response
also depends on the antigens concerned. B cell
responses to most proteins and other T cell
dependent antigens develop early, while responses
to polysaccharides and other T cell independent
antigens develop only later, usually by rwo years.
Most IgGG antibodies to polysaccharides are of the
1gG2 type, and Ig(G2 producing B cells are the last
to mature during infancy,

MNutritional status: Malnutrition affects the
immune response adversely, though serum
components necessary for immunity are conserved
selectively nll the nutritional deficiency becomes
marked. Protein calorie malnutrition suppresses
both humoral and cellular immune responses, the
larter more severely. Deficiences of aminoacids
(tryptophan, phenyl alanine, methionine, glycine,
isoleucine) and vitamins (vitamin A, and B group
factors nboflavine, p}ﬁdﬂx.'m:, pﬂntuﬂl:nic acid,

139

folic acid) have been shown to cause a decrease in
antibody syathess.
Route of administration: The humoral
immune response is better following parenteral
administration of antigen than through oral or nasal
routes. Large particulate antigens, such as bactenia
or erythrocytes, are more effective when injected
into tissues. The route of administration may also
influence the type of antibody produced. For
production of IgA antibodies, the oral or nasal route
is most suitable. Inhalation of pollen antigens
induces IgE synthesis, whereas the same antigens
given parenterally lead ro IgG antibodies. With
some antigens the route of administration
determines whether tolerance or antibody response
results. Injection of protein antigens into the
mesenteric vein or intrathymically usually induces
tolerance. Sulzberger (1929} and Chase (1959)
showed that guinea pigs can be rendered specifically
tolerant if certain antigens are fed before a parenteral
challenge (Sulzberger=Chase phenomenon).
Application of simple chemicals to the skin usually
leads to cellular immune response (delayed
hypersensitivity) rather than antibody formation.
With some antigens the site of injection seems
relevant. Hepatitis B vaccine is less immunogenic
following gluteal injection than following injection
into the deltoid. This may be due to the paucity of
antigen presenting cells in the gluteal fat, delaying
presentation of antigen to T and B cells.
Size and number of doses: Antibody
response is, to an extent, dose dependent. An antigen
15 effective only above a minimum critical dose,
Further increase in dose enhances the intensity of

the antibody response. But beyond a certain level,
increase in the dose of antigen does not improve
the antibody response but may even inhibit it and
induce tolerance. Mice injected with 0.5 pg of
pneumococcal capsular polysaccharide produce
specific antibodies but those injected with 50 pg of
the antigen not only fail to form antibodies but may
not respond even to subsequent doses of the same
antigen. The massive antigenic stimulus appears to
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swamp the antibody producing system and paralyse
it. This phenomenon was designated ‘immunological
paralysis’ by Felton (1949).

The increased antibody response to a secondary
antigenic stimulus has already been noniced. With
repeated antigen injections, the antibody response
increases progressively but after a certain stage, no
turther increase occurs.

The term ‘anamnestic reaction” was originally
applied to the production, in response to an
antigenic stimulus, of a heterologous but related
antibody that the host had earlier produced. For
instance, a person who had been immunised earlier
against typhoid bacilli may sometimes produce
antityphoid antibodies in response to infection with
some other bacterium. This may cause confusion
in the serological diagnosis of typhoid fever but
anamnestic reaction can be differentiated from a
true secondary response as it is transient. The term
‘anamnestic reaction has been employed by some
to refer to the secondary response as well, so there
15 some confusion in the use of this term.
Multiple antigens: When two or more antigens
are administered simultaneously, the effects may
vary. Antibodies may be produced against the
different antigens just as though they had been given
separately, or antibody response to one or the other
of the antigens may be enhanced, or the response
to one or more of them may be diminished
(antigenic competition). When two bacterial
vaccines (for example, typhoid and cholera vaccines)
are given in a mixed form, the antibody response to
each is not influenced by the other. When toxoids
are given along with bactenal vaccines (for example,
triple vaccine containing diphtheria and tetanus
toxoids along with Bord pertussis vaccine) the
response to the toxoid is potentiated. When
diphtheria and tetanus toxoids are given together,
with one in excess, the response to the other is
inhibited. When triple antigen 15 given to a person
- who had earlier received a primary dose of
diphthenia toxoid, the response to the tetanus and
pertussis antigens will be diminished. Such antigenic
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competition is important, from a practical point of
view, in immunisation with polyvalent antigens. For
optimal effect, the nature and relative proportions
of the different antigens in a mixture should be
carefully adjusted.
Adjuvants: The term adjuvant refers to any
substance that enhances the 1mmunng:ru|;‘.|t}r of an
antigen. Adjuvants may confer immunogenicity on
nonantigenic substances, increase the concentration
and persistence of the circulating antibody, induce
or enhance the degree of cellular immunity and
lead to the production of ‘adjuvant diseases’ such as
allergic disseminated encephalomyelitis. A variety
of substances exhibit adjuvant activity.
Repository adjuvants such as aluminium
hydroxide or phosphate and incorporation of
protein antigens in the water phase of a water-in-
oil emulsion (Freund's incomplete adjuvant), delay
the release of antigen from the site of injection and
prolong the antigenic stimulus. Others such as silica
particles, beryllium sulphate and endotoxins activate
macrophages. The most potent adjuvant is Freund's
complete adjuvant, which is the incomplete adjuvant
along with a suspension of killed tubercle bacilh.
Besides increasing the humoral immune response,
it induces a high degree of cellular immunity
{delayed hypersensitivity) as well. As it produces a
local granuloma, it is unsuitable for human use.
The adjuvant effect of rubercle bacilli is due to a warer
soluble peptide MDP (muramyl dipeptide) which
induces good antibody response without causing
granuloma. Given in mineral oil or as liposomes, it
also stimulates cell mediated immunity. Dervatives
of MIDP are being developed for human use. Gram
negative bacilli show an adjuvant effect due to their
has, in addition, a lymphocytosis-promoting factor
acting on both T and B cells, acts as a good adjuvant
for diphtheria and tetanus toxoids in triple vaccine.
Other adjuvants commonly used with human vaccines
are aluminium hydroxide or phosphate.
Immunosuppressive agents: These inhibit
the immune response. They are useful in certain
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situations like transplantation, when it becomes
necessary to prevent graft rejection. Examples of
immunosuppressive agents are X-irradiation,
radiomimetic drugs, corticosteroids, antimetabolites
and other cytotoxic chemicals, and antilymphocytic
SEMUMm.

Sublethal whole body irradiation suppresses
antibody response. When antigenic stimulus follows
24 hours after irradiation, antibody production does
not occur, whereas if the antigen is administered
2-3 days before wrradiation, the antibody response
15 actually enhanced. The primary response is more
radiosensitive than the secondary response.

Radiomimetic drugs are agents with an action
resembling that of X-rays. They belong in general
to the class of alkylating agents (for example,
cyclophosphamide, nitrogen mustard). In human
beings, cyclophosphamide given for three days after
the antigen, completely suppresses the antibody
response. It is much less effective when given before
the antigen.

Corticosteronds cause depletion of lymphocytes
from the blood and lymphoid organs. They also
stabilise the membranes of cells and lysosomes,
inhibiting histamine release and the inflammatory
response. They suppress antibody formartion in the
rat, mouse and rabbit but are much less effective in
guinea pigs, monkeys and human beings.
Therapeutic doses have little effect on the antibody
fnrmaﬁﬂn i'ﬂ I'Iuma:n IJEIII'IE“E- 'I‘hty iﬂhibit [hf
induction and manifestations of delayed
hypersensitivity in human beings.

Antimetabolites are substances that interfere with
the synthesis of DNA, RNA or both and thus inhibit
cell division and differentiation necessary for humoral
and cellular immune responses. They include folic
acid antagonists (methotrexate), alkylating agents
(cyclophosphamide) and analogues of purine (6-
mercaptopurine, azathioprine), cytosine (cytosine
arabinoside) and uracil (5-fluorouracil). Many
antimetabolites find clinical application in the
prevention of graft rejection.

The drug most widely used now for
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immunosuppression is cyclosporine, a cyclic
polypeptide derived from the soil fungus Tolypo-
cladium inflatum. It is not cytotoxic for lymphocytes
and has no antimitotic m:tlﬂt_f It E-Iﬂl:l:l:h"l:l:f inhibits
helper T cell activity. A related drug is rapamycin.
Antilymphocyte serum (ALS) is a heterologous
antiserum raised against lymphocytes. Antibody
prepared against thymus cells is called
antithymocyte serum (ATS). The corresponding
globulin preparations are called ALG and ATG.
They were used to prevent graft rejection. While
all other immunosuppressive agents have
undesirable side effects, ALS is devoid of any action
other than that on lymphocyres. ALS acts primarily
against T lymphocytes and therefore specifically
on cell mediared immunity. Humeoral antibody
response to thymus independent antigens is
unaffected and may even be enhanced. ALS acts
only against lymphocytes in circulation and not cells
in lymphoid organs. As ALS s a foreign protein,
its effect is decreased on repeated administration, -
which may also lead to serum sickness and other
hypersensitivity reactions. Monoclonal antibodies
against specific lymphocyte membrane antigens
have been prepared.
Effect of antibody: The humoral immune
response to an antigen can be suppressed specifically

by passive administration of the homologous
antibody. The action appears to be by a feedback
mechanism. The primary response 1s more
susceptible to inhibition than the secondary
response. The antibody may also combine with the
antigen and prevent its availability for the
immunocompetent cells. The inhibitory effect of a
passively administered antibody on the humoral
immune response has been applied in the prevention
of Rh sensitisation in Rh negative women carrying
Rh positive fetuses. This is achieved by the
administration of anti-Rh globulin immediately
following delivery (within 72 hours).

This effect is also relevant in the practice of
combined immunisation as in diphtheria and
tetanus. In such cases, the toxoid and antitoxin
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should be given at separate sites. Adsorbed toxoid
should be used as the inhibitory effect is much less
than with fluid toxoid.

Intravenous administration of mmune globulin has
been shown to have immunomodulatory effects. It has
beer used in the treatment of many diseases of presumed
immunopathologe etology, such as thrombocytopenias

and autoimimune hemolytic anemias.
SUPERANTIGENS

Superantigens are certain protein molecules, such
as staphylococeal enterotoxins that activate very
large numbers of T cells irrespective of their
antigenic specificities. While conventional antigen
fragments bind to the o heterodimer groove of
the MHC molecules through the V regions of
TCR @ and B chains, superantigens bind directly
to the lateral aspect of the TCR [ chain. Upto 20
per cent of the circulating T cells may be so
activated, compared to conventional antigenic

stimuli which involve only about 0.001 per cent of
them. 1 his ﬂc:lgg:ra.t:d T cell activation leads o

massive outpouring of T cell cytokines, causing
mu]tis}rst:m d:.-'ﬁl'-um;tinnﬁ, such as seen in
staphylococcal toxic shock syndrome.

MIToGENS

Mitogens are certain substances that induce division
of lymphocytes and other cells. Some of these, like
the lectin glycoproteins bind ro sugars on the surface
of responsive cells and activate them, causing a
polyclonal reaction. At low concentrations, they
stimulate B cells without polyclonal activation,
Lipopolysaccharide is such a B cell mirogen.

Sﬂml: ].'H.I'El: TI'.I'L'I]E'L'L'IJ.E’E “"llth I":]:Hfﬂ.l.'i.l'.lg EFlITl'JFE'E.
such as pneumococcal polysaccharide directly interact
with B cell surface immunoglobulins, leading to an
IgM immune response. Such T-independent immune
response with gl antibody, is not associated either
with lg class swirching or memory.

CELLULAR IMMUNE RESPONSE

The term ‘cell mediated immunity” (CMI) refers
to the sp:ciﬁ{' immune TESPONSEs that do not
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involve antibodies. For long the only demonstrable
facet of CMI was the phenomenon of delayed
hypersensitivity (DH) which resulted in injury
rather than protection. The first description of a
Eh‘] TEaPOMSse Was TI'.II: ﬂhﬁfr'ﬂ'lt;ﬂn b} ]fﬁ].'l:r
(1798} that inoculation of vaccinia virug in an
immune individual led to a local erythematous
papule in 24-72 hours. He called this the ‘reaction
of immunity’. Koch (1890) described the
exagyerated cutaneous reaction of tuberculous
guinea pigs to the intradermal injection of tubercle
bacillus or a protein extract of the bacillus
(tuberculin}, Thereafter, the tuberculin test became
the paradigm for DH. The term ‘delayed
hypersensitivity’ refers to the appearance of a shkin
lesion 48-72 hours after administration of the
n. The lesion s an indurated nodule with
infiltration h}r mononuclear cells. DH was found
to be immunologically specific but it did not have
any relation to antibodies and could not be
transferred passively by serum. The cellular basis
of IDH was shown by Landsteiner and Chase (1942)
I'.I'_'lr' i.tq 'FIES-EIH"E I.'I'I.'I'I.Eifl:r II!I'l i',;l.lil'll:ﬂ FiEE T']:'II'UI.I.E]'E ﬂ.'ll:
injection of leucocytes from sensitised donors. With
the recognition of the two component concept of
immunity, DH and other types of CMI were found
to be mediated by T lymphocytes. A variety of
techniques are now available for the detection of
CMI, though they lack the sensitivity and precision
of mtlh::d}-' assays for humoral 'Lmn‘m.n'lt}'.

Score oF (M1

CMI participates in the following immunological

functions:

1. Delayed hypersensitivary.

2 Immunit}r in infectious diseases caused h}-'
obligate and facultative intracellular parasites.
These include infections with bacteria (for
I:Iﬂl!'l'll'l'll:, tuberculosis, |1:P1'ﬂ5}f, listeriosis,
brucellosis), fungi (for example, histoplasmosis,
coccidiodomycosis, blastomycosis), protozoa
(for example, leishmaniasis, trypanosomiasis)
and viruses {for example, measles, mumpﬂ}.

H.I.'!tlg"l:
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3. Transplantation immunity and graft-versus-host
reaction.

4. Immunological surveillance and immunity
AZAINSt CANCET.

5. Pathogenesis of certain autoirnmune diseases (for
ﬂcampll:, th}midiﬁs, :nccphalnm}rcli,riﬂ,

InvpucTion oF (M

The nature of the antigenic stimulus is important
in the induction of CML It is best developed
tollowing infections with intracellular parasites.
Killed vaccines and other nonliving antigens do not
induce CMI unless administered with the Freund
type of adjuvants. Only T cell dependent antigens
lead to CMI. The EFPJiEuﬁun of certain chermicals
on the skin induces DH.

Each T cell bears on its surface a specific
receptor {TCR) for one epitope and combines only
with antigens carrying that epitope. On contact
with the appropriate antigen, T cells undergo blast
transformation, clonal proliferation and
differentiation into memory cells and effector cells
providing CML. T cells recognise antigens only
when presented with MHC maolecules. Helper T
cells react with antigens presented on the surface
of macrophages or other cells, complexed with
MHC class 11 melecules, They then release
biological mediators (lymphokines) which activate
macmphagl::, :n:lhling them to kill intracellular
parasites. Cytotoxic T cells recognise antigen on
the surface of cells (such as virus infected, tumour
or allograft cells), in association with MCH class
I molecules, secrete lymphokines and destroy the
target cells.

LYTORINES

Biologically active substances released by activated
T Iymphocytes were called lymphokines. Similar
substances produced by monocytes or macrophages
were called monokines. Ininally they were given
names based on their demonstrated biological effects
{Table 16.1). As most lymphokines exhibit multiple
biclogical effects and the same effect may be caused

143

Table 16.1 Examples of lymphokines

I. Affecting macrophages

#. Migration inhibiting factor (MIF)

b. Macrophage activation/aggregsation facror

(MAF)

¢ Macrophage chemotactic factor (MCF)
IL. Affecting lymphocyres

a. Blastogenic/mitogenic factor (BF/MF)

b T cell growth factor (TGF)

< B cell growth factor (BGF)

ITI. Affecting granulocytes
& Chemotactic factor (CF)
b Colony stimulating factor {CSF)

IV. Affecting cultured cells
a. Lymphotoxin (LT}
b. Interferon (IFN)

¢ Tumour necrosis factor (TNF)

V. Others

1. Skin reactive factor (SRF)

b. Transfer factor (TF)
by different lymphokines, their names lack
precision. The term interleukin was therefore
introduced for those products of leucocytes which
exert a regulatory influence on other cells.
Interferons, growth factors and others were found
to have similar effects. Therefore all of them have
been grouped under the term cytokines.

Cytokines are peptide mediators or intercellular
messengers which regulate immunological, inflam-
matory and reparative host responses. They are haghly
potent hormone-like substances, active even at
ferntomalar (107°M) concentrations, They differ from
endocrine hormones in h:ing pmduc:d not b}r
specialised glands but by widely distributed cells (such
as lymphocytes, macrophages, platelets and Gbroblases),
and acting not systemically but locally near the producing
cells (paracrine effect) or directly on the producing cells
themselves (autocrine effect). They are, in general,
pleiotropic, having multiple effects on the growth and
differentiation of various cell types. There is
considerable overlap in the effects produced by
different cytokines. Cloning of cytokines and the
availability of monoclonal antibodies against them
have helped to characterise them better (Table 16.2).
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Table 16.2: Cylokines

Cytokine Main sources Major functions

A. INTERLEUKINS:

IL-1 (o and B) Moacrophages and other cell types  Proliferation and differentiation of T, B and other
cells; pyrogenic; induce acute phase proteins; bone
marrow cell proliferation.

IL-2 T cells Promote and differentiation of T and B
cells, cytotoxicity of T and NK cells, secretion of
other lymphokines.

IL-3 T cells Multi-CSF

IL-4 T, cells Proliferation of B and cytotoxic T cells; increase
IgGl and IgE production; enhance MHC class 11
andd IgE receptors.

IL-5 T, cells Profliferation of eosinophils, stimulate lgA and IgM
production,

IL-6 TH, macrophages, fibroblasts Promote B cell differentiation; lgG production,
acute phase proteins.

1L-7 Spleen, bone marrow stromal cells B and T cell growth factor.

IL-8 Moacrophages, others Neutrophil chemotactic factor.

IL-9 T cell T cell growth and praoliferation

IL-10 T, B cells, macrophages Inhibsit TFN production and mononudear cell functions.

IL-11 Bone marrow stromal cells Induce acute phase proteins.

IL-12 T cells Activare NK cells.

IL-13 T cells Inhibit mononuclear cell functions.

B. COLONY-STIMULATING FACTORS:

GM-CSF T cells, macrophages, fibroblasts
G-C5F Fibroblases, endothelium
M-C5F Fibroblasts, endothelium

C, TUMOUR NECROSIS FACTORS:

THNF-a Macrophages, monocytes
THF-b T cells

D INTERFERONS:

IFN a Leucocytes

IFN b Fibroblasts

IFN g T cells

E. OTHERS:

TGF b T and B cells

LIF T cells

T cell and macrophage growth stimulation
Granulocyte growth stimulation.
Matmph:.g: EI'DW‘I‘J‘I. stimulation,

Tumour cytotoaacity, lipolysis, wasting, acute phase
proteins, phagocytic cell activation, antiviral and
antiparasitic effects, endotoxic shock.

Induce other cyrokines,

Antiviral activity
Antiviral, macrophage activation; MHC Class T and
II expression on cells.

Inhibit T and B cell proliferation and hematopoiesis;
promote wound healing.
Proliferation of stem cells; eosinophil chemotaxis.

The features of some important cytokines are
presented below:

- Interleukin-1: Originally described as the
leucocyte activating factor (LAF) in 1972 and as
the B cell activating factor (BAF) in 1974, this

cytokine was renamed interleukin-1 (1L1) in 1979,
IL1 is a stable polypeptide retaining its activity up
to 56 °C and between pH 3-11. IL1 occurs in two
molecular forms, IL1 alpha and beta. IL1 is

principally secreted by macrophages and monocytes
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but can be produced by most other nucleated cells
also. Its production is stimulated by antigens, toxins,
injury and inflammatory processes and inl “bited by
cyclosporin A, corticosteroids and prostaglandins,
The immunological effects of IL1 include
stimulation of T cells for the production of 112
and other lymphokines, B cell proliferation and
antibody synthesis, neutrophil chemotaxis and
phagocytosis. It mediates a wide range of metabalic,
physiological, inflammatory and hematological
effects b-}" Hlﬂi[il.;' on bone MATrow, -:p'ltlu:lial and
synovial cells, fibroblasts, osteoclasts, hepatocyres,
vascular endothelium and other targets. IL.1 is an
important endogenous pyrogen. Together with the
tumour necrosis factor (TINF), it is responsible for
many of the hematological changes in septic shock
and also enhances the initial meningeal
inflammation in bacterial meningitis. Cytokine
inh.i.bitﬂrﬁ S-'I.I.-Eh ds l:lr_mml:thajmnl: I'l.ﬁ"': b::'ﬂ. fﬂ“nd
to protect ag-ains: the EI:IL]IJ.!:IE.E of such excessive
meningeal inflimmartion. On the other hand, 1L1
has a beneficial effect in severe infections in
immunocompromised hosts.,
Interleukin-2: The discovery in 1976 of 2 T
cell growth factor (TCGF) produced by activated
T cells, which induced T cell proliferation and
enabled their maintenance in continuous culture,
contributed greatly to the understanding of T cell
functions. This cytokine, renamed 112, is a
II'bE.‘-dLLLatﬂr ﬂfﬂ]: immun: H:E-IHJHEE- ]t iﬁ- T.']TI: mﬂjﬂ[
activator of T and B cells and stimulates cytotoxic
T cells and NK cells. It converts some null cells
(LGL) into lymphokine activated killer (LAK) cells
which can destroy NK resistant tumour cells. This
property has been used in the treatment of certain
s of cancer.
Interleukin-3: IL3 is a growth factor for bone
marrow stem cells. It stimulates multilineage
hematopoicsis and 15 therefore known also as the
multicolony stimulating factor (multi-CSF).
Interleukin-4: Formerly known as the B cell
growth factor-1 (BCGF-1), 1L4 activates resting
B cells and acts as a B cell differentiating factor. I
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also acts as a growth factor for T cells and mast
CE‘]]ﬁ. It l:nh.ﬂ.m:vl:-s th: acl.‘in:n. ﬂf I:'}l'f'ﬂtﬂxiﬂ T l:(:“ﬁ. It
may have a role in atopic hypersensitivity as it
augments IgE synthesis.

Interleukin-5: Formerly known as the B cell
growth factor-11, IL5 causes proliferation of
activated B cells. It also induces maturation of
eosinophils.

Interleukin-6: 1L6 is produced by stimulated
T and B cells, macrophages and fibroblasts. It
induces immunoglobulin synthesis by activated B
cells and formation of 1L2 receptors on T cells. It
has a stimularory effect on hepatocytes, nerve cells
and hematopoietic cells. It acts as an inflammatory
response mediator in host defence against infections,
Colony stimulating factors (CSF): These
cytokines stimulate the growth and differentiation
of pluripotent stem cells in the bone marrow. They
have been named after the types of cell colonies
they induce in soft agar culture—for example,
granulocyte (G), or mononuclear (M) CSF. 1L3
which induces growth of all types of hematopoienc
cells is known as multi-CSF. In the body they cause
other effects also, presumably by inducing cascades
of other cytokines. They are responsible for adjusting
the rate of pm-du::*tiun of blood cells :cmrding to
requirements, for example, the massive granulocyte
response seen in pyogenic infections. Colony
sttmulating factors have clinical applications for
treating hematopoietic dysfunctions in infections
and malignancies.

Tumour necrosis factors (TNF): The
rumour necrosis factor ocours as two types, alpha and
beta. A serum factor found o induce hemorrhagic
NEeCrosis in certain tumours was named the tumour
necrosis factor. The same substance was independently
described as Cachectin, a serum factor causing the
wasting syndrome (cachexia) during chronic
infections. This has been renamed TNFo It is formed
principally by activated macrophages and
monocytes. It resembles IL1 in possessing a very
wide spectrum of biological activities such as
participation in the manifestations of endotoxic
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other cytokines, TNFP, formerly known as
lymphotoxin, is produced principally by T helper
cells. Its effects are similar to those of TNFee
Interferons (IFN): Originally identified as
antiviral agents (see chapter 49), interferons are now
classified as cytokines, There are three classes of
IFNs, alpha produced by leucocytes, beta produced
by fibroblasts and gamma by T cells activated by
antigens, mitogens or exposure to [IL2. IFNy causes
many immunological effects, such as macrophage
activation, augmentation of neutrophil and
monocyte functions, and antitumour activity.
Other eytokines: The transforming growth
factor beta (TGFB) was so named because of its
ability to transform fibroblasts. Besides acting as a
growth factor for fibroblasts and promoting wound
healing, it also acts as a down regulator of some
immunological and hematological processes,

The leukemia inhibitory factor (LIF), produced
by T cells, helps stem cell proliferation and
cosinophil chemotaxis,

Cytokine production is regulated by exogenous
mmuhﬁuchuanngmmmdmmgmﬁ as well as
by endogenous factors such as neuroendocrine
hormonal peptides (corticosteroids, endorphins)
and products of Lipoxygenase and cyclooxygenase
pathways. They also regulate each other by positive
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and negative feedbacks. A number of cytokines (for
example, IL1, 2, 3, colony stimulating factors,
interferons) have already found therapeutic
application. With better understanding of their
properties, it is possible that many cytokines, their
agonists and antagonists could eventually be used
in the management of inflammatory, infectious,
autoimmune and neoplastic conditions.
DerecTion oF CMI

The original method for detecting CMI was the
skin test for delayed hypersensitivity (for example,
the tuberculin test). A number of in vitro correlates
of CMI have now become available. These include
the lymphocyte transformation test (transformation
of cultured sensitised T lymphocytes on contact
with the antigen), target cell destruction (killing
of cultured cells by T lymphocytes sensitised against
them), and the migration inhibiting factor test
which is commonly employed. As originally
described, this consisted of incubating in a culture
chamber, packed peritoneal macrophages in a
capillary tube. The macrophages migrate to form a
lacy, fan-like pattern. If the macrophages are from
a guinea pig sensitised to tuberculoprotein, addition
of twberculin to the culture chamber will inhilat

the migration (Fig. 16.5). This has been adapred

Fig. 16.5 Inhibition of migration of macrophage cells. Left: Exposure fo antigen of cells from sensitised guinea
pigs. Migration inhibited. Right Control. Exposure to antigen of cells from normal guinea pigs. Shows

foam—like migration of macrophages.
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i-l'_'lI' E[i[!i‘l_'ﬂl 4.2 b]r lntuhuting J.'Il.'lmiil'.l. ].':ll:l'i.]'.l'ht‘fﬂl
leucocytes in capillary tubes in culture chambers.
When an antigen to which the individual has CMI
is introduced into the culture medium, the leucocytes
are prevented from migrating. By comparson with
the control, it is possible to make a semiquantitative
assessment of the migration inhibition.
TrRANSFER FACTOR
Passive transfer of CMI was first achieved by the
injection of viable leucocytes from sensitised donors,
Lawrence (1954) reported transfer of CMI in human
beings by the injection of extracts from leucocytes,
This extract is known as the “rransfer factor’ (TF).
The transferred immunity 15 specific in that CMI
can be transterred only to those antigens to which
the donor 15 sensitive.

TF is a dialysable, low molecular weight
substance (MW 2000 to 4000), resistant to trypsin,
DNAase, RNAase and freeze thawing. It is stable
for several years at =20 “C and in the lyophilised
form at 4 °C, It is inactivared at 56 “C in 30 minutes.
It is not antigenic. Chemically, it appears to be a
polypeptide-polynucleotide.

TF 1s highly potent, an extract from 0.1 ml of
packed leucocytes being suthcient for transfer. The
transferred CMI 15 systemic and not local at the
injtct::d site alone. Fnl]nwingTF injection, DH and
various in vitro correlates of CMI can be
demonstrated in the recipient. Humoral immunity
15 not transmitted by TF; TF transfers CMI to all
the antigens to which the donor is sensitive, en
bloc. It is possible to transfer CMI from the
recipient to another in a serial fashion.

The mechanism of action of the TF is not known.
TF could be an informational melecule or a specific
gene derepressor capable of inducing anngenically
uncommitted lymphocytes to produce antigen-
specific receptors. TF activity was till recently
demonstrable only in human beings but it has now
been reported in monkeys, guinea pigs and mce.

TF has several applications. It has been used

restore immune capacity in patients with T cell
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deficiency {Wiskott—=Aldrich syndrome). It has also
been used in the treatment of disseminated infections
associated with deficient CMI (lepromatous leprosy,
tuberculosis, mucocutaneous candidiazis). It has been
employed in the treatment of malignant melanoma
and may be beneficial in other types of cancer as well.
Its use has been ﬁugg:ﬁtl:d I SOITIE AUtaImmune
diseases (systemic hopus erythematosus, rheumatoid
arthritis) and diseases of unknown etiology (sarcoidosis,
multiple sclerosis).

IMMUNOLOGICAL TOLERANCE

Immunological tolerance or immunological
unresponsiveness s the condition in which contact
with an antigen specifically abolishes the capacity to
mount an immune response against that particular
m‘tl‘;i.g::n 'W']'H:I'.I i.t IIE E.II'JI'.I'Li.I.'!IIE-TEI'EI'j ﬁIJl'.l!'i-EI'.]l.'IETI.ﬂ'_lr'. Thi5
nonreactivity is specific to the particular antigen,
immune reactivity to other antigens being unaffected.

The first example of immunological tolerance
was the observation by Onwen (1945) nf‘:rrl.-'l:hrnc}rr:
chimerism in dizygotic cattle twins, each of the
twins having erythrocytes of its own and the other's
blood groups. As dizygotic twins are genetically
dissimilar, they do not ordinarily accept transplants
from each other but such transplants survive in
cattle twins, The reason for this tolerance was shown
to be the sharing of the same placental blood supply
by the twins during intrauterine life. Based on this
observation, Bumnet and Fenner {1949) suggested
that the unresponsiveness of individuals to self
antigens was due to the contact of the immature
immunological system with self antigens during
embryenic life. Any antigen that comes into contact
with the immunological system during embryonic
life would be recognised as a self antigen and would
not induce any immune response. They postulated
that tolerance could be induced against foreign
antigens if they were administered during embryonic
life. This was proved experimentally by Medawar
and his colleagues {1953) using two strains of
syngeneic mice. When a skin graft from one inbred

Strilll'l ﬂf I'.I'lllli.'l: EEE.A.:' i..‘i E.F.l]'l[;l:l'j O A IMOusc uf
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another strain (A), it is rejected. If CBA cells are
injected into fetal or newborn strain A mice,
however, the latter when ﬂ'u:].r grow up will freely
accept skin grafts from CBA mice. The content of
the self antigen appears to have been enlarged by
contact with a foreign antigen during embryonic
life. This phenomenon is called ‘specific
immunological tolerance”,

Development of tolerance is not confined to the
embryo or newborn but can occur in adults also,
Tolerance may be total or parl:'ml, short-lived or
long-lasting. The induction, degree and duration
of tolerance depend on the species and
immunocompetence of the host, nature and dose
of the antigen and the route of administration.
Rabbits and mice can be rendered tolerant more
rapidly than guinea pigs and chickens. Strain
differences in tolerance induction are seen within
species. The higher the degree of immuno-
competence of the host, the more difficult it 15 to
induce tolerance. It is for this reason that embryos
and newborns are particularly susceptible to
induction of tolerance. Tolerance can be induced
in adults in whom immunocompetence is
temporarily interrupted by immunosuppressive
agents. Induction of tolerance is very ditheult in
adults already immunised against the antigen.

The physical state of the antigen is important.
Soluble EI‘.I.ﬁ.E'I:I'.I.E and ha]_::t'r.':ns Are mione I.'L‘Jll.*.rugtniu:
tha.ﬂ Pll'ﬁ.ll:l.lla.r: lTI'.'IIEFI'IE. ﬂ'll: m]tmEEl'.liEi.l}" Elf an
antigen can be modified by certain procedures.
When human gammaglobulin is heat aggregated,
it is highly immunogenic in mice but is tolerogenic
when deaggregated. Solutions of serum proteins
centrifuged at high speed separate into tolerogenic
supernatant and immunogenic sediment fractions.
The induction of tolerance is dose dependent. There
iz a threshold dose, below which tolerance is not
iﬂdl.l.l;l:d- FIII'I:I'[I:T iTIEII:ﬂ_'“: II!'I I.'IIJ'EE IITI.E:H:I’EI:‘S '.']'I:‘
duration of tolerance. With certain antigens,
tolerance can be induced by two types of doses, one
high and the other low, with intermediate doses
producing immunity instead of tolerance. These are
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known as ‘high zone’ and ‘low zone' tolerance
respectively. A special type of high zone tolerance
is Felton's immunological paralysis. The duration
of tolerance is variable. Tolerance can be prolonged
by repeated tolerogenic stimuli. The route of
administration that best induces tolerance is that
whereby the antigen equilibrates throughout the
extra- and intravascular compartments. With
antigens that do not equilibrate readily or are rapidly
eliminated, the route of choice is intravenous.
Certain haptens that are immunogenic in guinea
pigs by the intradermal route are tolerogenic orally
of intravenously.

Tolerance can be overcome spontaneously or by
an injection of cross-reacting immunogens. For
example, tolerance to bovine serum albumin in
rabbits can be abolished by immunisation with
cross reacting human serum albumin. In general,
tolerance to living agents is more lasting than that
to nonliving substances. Naturally occurring
tolerance is found in certain viral infections such
as congenital rubella and cytomegalovirus infections
in which there is persistent viremia with a decreased
ability for the production of neutralising antibodies
(persistent tolerant infection). In lymphoeytic
choriomeningitis infection in carrier mice, the virus
may persist in virtually all the cells and tissues and
be transmitted vertically ro the offspring without
any demonstrable immune response or pathogenic
:Eﬂ:t- 1-'-“1:!1 tl'.l.l: tl]].l:rﬂl":l: iE intmpttd. h}r an
induction of antibody or an injection of sensitised
lymphocytes, disease results. The mechanism of
tolerance is not clear. In specific immunological
tolerance in embryonic life, the clones of cells
responding to the particular antigen were believed
to be annihilated by contact with the antigen. This
may not be entirely true, as self-reactive B cells can
be found in adults. The more likely mechanism may
be elimination of TH cells, effectively preventing
B cell activation, This is the ‘central mechanism’ of
tolerance induction. In other instances, the
mechanism may be an ‘afferent block’ in which
access of the antigen to immunocompetent cells is
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interfered with, or an ‘efferent block’ in which the
antibody synthesised is neutralised or destroyed. T
and B lymphocytes appear to possess differing
sensitivity to tolerance induction, the former being
more susceptible. In general, high doses of antigen
induce B cell tolerance and repeated minute doses
of antigen induce T cell tolerance.

Tolerance to humoral and cellular types of
immunity is usually induced simultaneously. “Split
tolerance’ can also occur where unresponsiveness
is established for one parameter of the immune
response and not to the other. In guinea pigs, DH
to tuberculin can be inhibited, without affecting
the Pmduct'lnn of a l:i.rcu]lﬁn.g anti'i:lud]r, h}r the
injection of tuberculoprotein prior to immunisation
with BCG.

THEORIES OF IMMUNE RESPONSE

A succession of theories have been put forward
from time to time in order to explain the versarility,
specificity, memory and other features of the
immune response. Theories of immunity fall into
two categories: instructive and selective. The
instructive  theories postulate  that  an
immunocompetent cell is capable of synthesising
antibodies of any specificity. The antigen encounters
an immunocompetent cell and instructs it to produce
the complementary antibody. Instructive theories
WwWere PTDPHE:‘d 11]-" Ehl:miﬁ-ti 'll'].'lﬂ were mioreg
concerned with explaining the physicochemical
aspects of specificity than with the biological
prnciples of immune processes, Selective theories,
on the contrary, shift the emnphasis from the antigen
to the immuno competent cell. They postulate that
immunocompetent cells have only a restricted
immunological range. The antigen exerts only a
selective influence by stimulating the appropriate
immune-competent cell to synthesise an antibody.
Side chain theory: The first plausible theory
of immune response was the “side chain’ theory
proposed by Ehrlich (1900). Cells were considered
to have surface “receptors’ capable of reacting with
substances having complementary ‘side chains’. The
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physiological significance of such receptors was in
anchoring nutrients to cells before assimilation.
When foreign antigens are introduced into the body,
they combine with those cell receptors which have
a complementary fit. This inactivates the receptors
and interferes with the absorption of nutrients. As
a compensatory mechanism, there is an
overproduction of the same type of receptors, which
spill over into the blood and circulate as antibodies.
This was the first of the selection theories. It
explained elegantly the specificity of the antibody
I'E'E-FHJI'EE. Hﬂ'“"mﬂ '\F]'I'Eﬂ La,ndsl:cin:r dl:r.l.'mrls‘l'rit:d
that antibodies could be formed not only against
natural antigens but also against various synthetic
chemicals, this theory was abandoned. It was
believed that an impossibly large number of
receptors would be needed to account for the
seemingly endless scope of antibody specificity. It
15, however, remarkable how closely Ehrlich
anticipated modern views on the immune response.
Direct template theories: Instructive
theories were proposed by Breinl and Haurowitz
(1930), Alexander {1931) and Mudd {1932).
According to these, the antigen (or the antigenic
determinant) enters iu1ti|:|rr.:':i_',r fr.I-II'.I'.I.i]'lE' cells and
serves as a ‘template’ against which antibody
molecules are synthesised so that they have
combining sites complementary to the antigenic
determinant. These are therefore known as ‘direct
template’ theories. Pauling (1940) presented a more
detailed model suggesting that specificity was
determined by the folding of the antibody
polypeptide chains to form a tertiary structure fitting
the antigenic determinant.

Indirect template theory: Burnet and
Fenner (1949) proposed this instructive theory to
explain the synthesis of antibody as an adaptive
protein. They postulated that the entry of the
antigenic determinant into the antibody producing
cell induced in it a heritable change. A ‘genocopy’
of the antigenic determinant was thus incorporated
in its genome and transmitted to the progeny cells
(indirect template). This theory explained specificity
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and the secondary response but became untenable
with advances in the molecular biology of protein
synthesis. Burnet and Fenner were the first to explan
the nonantigenicity of self antigens by postulating the
embryonic recognition of “selik markers',

MNatural selection theoary: Jerne (1955)
reintroduced the concept of the selective function
of antigens 1n his natural selection theory. Thas
postulated that about a million globulin (antibody)
molecules were formed in embryonic life, which
covered the full range of antigenic specificities.
These globulins were the 'natural antibodies”. When
an antigen was introduced, it combined selectively
with the globulin that had the nearest
complementary ‘fit’. The globulin, with the
combined antigen, homed in on the antibody
forming cells and stimulated them to synthesise the
same kind of antibody. Here, selection was
postulated at the level of the antbody molecule. It
did not explain the fact that immunological memory
resides in the cells, and not in serum.
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Clonal selection theory: Burnet (1957)
proposed this theory which shifted immunological
specificity to the cellular level.

According to the clonal selection hypothesis,
during immunological development, cells capable
of reacting with different antigens were formed by
a process of somatic mutation. Clones of cells that
had immunological reactivity with self antigens
were eliminated during embryonic life. Such clones
are called forbidden clones. Their persistence or
development in later life by somatic mutation could
lead te autoimmune Each
immunocompetent cell was capable of reacting with
one antigen (or 4 small number of antigens) which
could recognise and combine with antigens
introduced into the body. The result of the contact
with the specific antigen was cellular proliferation
to form clones synthesising the antibody.

The clonal selection theory 15 more widely
accepted than the other theories, though it is unable
to account for all the features of the immune response.
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Fig. 16.6 MNiustration of gene shuffling to form a B cell encoding for IgG-1 heavy chain with V. D, J variable
region sequence (simitar shuftling &lso occurs for light chains— not shown)
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A variety of modifications and alternartive theories have
h::l'.l Pm’Fﬂ'ﬁﬂi iﬂ. recent l.'i.mﬁ h'l.lf MmN ]'I.EE mcc::d-:d
in explaining all that is known of immuniry.

As an explanation for the mechanism of
regulation of antibody response, Jerne has postulated
the network hypothesis. The variable region of an
immunoglobulin melecule carrving the antigen-
L'ﬂmhi.l'.li.l'.lg EIEIE 55 -r]ii‘_ﬁ:rtnt IH'I. dii‘_ﬁ:r:nt Hnﬁh{ﬂ'_ﬁtﬁ-
The distinct aminoacid sequences at the antigen-
combining site and the adjacent parts of the variable
region are termed idiotypes. The idiotype can, in
turn, act a5 an antigenic ‘determinant and induce
antiidiotypic antibodies. These in turn can induce
antibodies to them and so on, forming an idiotype
network which is postulated to regulare the amount
ul- H.n'ﬁh.'ﬂ.llllis Fl'l:]ii'l.l.l_'ﬂfj E.Tll'j T]'IE numbl:r i]}-mﬁh}d}r'
forming cells in action. For his theoretical
contribution to antibody formation and regulation
of the immune system, Niels K. Jerne was awarded
the Nobel Prize for Medicine in 1984,

The genetic basis of antibody diversity has been
clarified recently. An individual has the capacity to
produce an estimated 10" different antibody
m{?IE‘L-LLIEE- 'T::} I'I.H."-"E EEI:]'I !"ll.'ll:h Hﬂti:h’ﬂ'd}' mﬂIE'L-LlIE
coded for by a separate gene would require millions
of genes to be set apart for antibady production
alone. This would obvicusly be impossible. The
phenomenon of split genes explains this. The
genetic information for the synthesis of an
immunoglobulin molecule is not present in a
continuous array of codons. Instead, this information
occurs 1n several discontinuous stretches of LINA
('gene segments’), each coding for separate regions
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{!IFT.']'II: H.'I'll'i.l.'!ﬂ'd'.'f' mﬂli:l:ll]t. ...'HI.E tht‘ constant r:ginnﬁ
are identical for immuneglobulins of any one type,
there need be only one gene or a few genes for
each constant region, as against a very large number
of genes for the variable regions. For example, the
kappa L. chain genes are composed of three separate
segments V, | and C. There are abour a hundred
I'.l'i.l:FL'fl:]'lt '['rlr"l'.l'E'E {:Fv [:'I.'H.['Ilﬂhll::l dumain .‘iI:C[IJI:]'II'_'ﬁ
and only one C (constant) segment, with some five
] (joining) segments in-between. By combining
different V and | sequences with the C doman, it
15 }'msiblt to ]::mvid: for antibodies with at least
500 difterent specificities. By palindromic
arrangement (sequences that can be arrached by
cither end), it is possible to generate many times
more different 5P|:1:iﬁ-;:iﬁ:5. The lambda chain has
additional C sequences. The H chain gene has also
a L) (diversity) segment. By the shuftling of these
different segments of the C and H chains, it 1s
possible to have antibodies with far more than 10¢
types of specificity, a total repertoire that can react
with any conceivable antigen. The split gene
shuffling takes place during cell development and
4 mature E CI:" DH.A. 'H'II”. ]'I.H.\!'E lJ]'I'.:f' onec
combination of the different segments of the
immunoglobulin gene and can therefore produce
only one type of antibody (Fig. 16.6).

The discovery of split genes for
immunoglobulins demolished the long standing
dogma of ‘one gene—one protein’ and has important
implications in biclogy, bevond immunology. For
this discovery, Susumu Tonegawa was awarded the
MNobel Prize for Medicine in 1987.
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Immunodeficiency diseases are conditions where
the defence mechanisms of the body are impaired,
leading to repeated microbial infections of varying
severity and sometimes enhanced susceptibility to
malignancies. Deficiencies of defence mechanisms
may involve specific immune functions = humoral
immunity, cell mediated immunity or both - or
nonspecific mechanisms such as phagocytosis and
complernent, which augment and act in conjunction
with specific immune processes. Immuno
deficiencies may be classified as primary or
secondary. Primary immunodeficiencies result from
abnormalities in the development of the immune
mechanisms. Secondary immunodeficiencies are
consequences of discase, drugs, nutritional
inadequacies and other processes that interfere
with the proper functioning of the mature immune

system.

PRIMARY IMMUNODEFICIENCIES

The established types of pnmary immunodeficiency
syndromes are listed in Table 17.1. Though primary
deficiencies of specific immunity can be
conveniently classified as those affecting B cell
responses, T cell responses, or both, it must be
realised that there i1s considerable overlapping due
to the intimate interaction between the B cell and
the T cell systems. For instance, T cell deficiencies
involving helper or suppressor T cells will have a
profound effect on antibody response.

IMMUNODEFICIENCIES

- X-linked agammaglobulinemia: This
syndrome described by Bruton (1952) is the first

HuMorAL
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immunodeficiency disease to have been recognised.
It is seen only in male infants, Manifestations are
not apparent till about six months of age due to the
passive protection afforded by maternal antibodies.
The disease presents as recurrent serious infections
with pyogenic bacteria, particularly with
prewmococci, Streptococcl, MEningococd,
Pseudomonas and H. influenzae. Patients respond
normally to viral infections such as measles and
chickenpox, though there have been reports of
paralytic poliomyelitis and progressive encephalitis
following immunisation with live virus vaccines or
exposure to wild virus. As a general rule, live
microbial vaccines should not be given to children
with any type of primary immunodeficiency.

All classes of immunoglobuling are grossly
depleted in the serum, the IgG level being less than
a tenth, and IgA and IgM less than a hundredth of
the normal level. Tonsils and adenoids are atrophic.
Lymph node biopsy reveals a depletion of cells of
the bursa-dependent areas. Plasma cells and
germinal centres are absent even after antigenic
stimulation. There is a marked decrease in the
proportion of B cells in circulation. Antibody
formation does not occur even after injections of
antigens.

Cell mediated immunity is not affected. Delayed
hypersensitivity of tuberculin and contact dermatitis
types can be demonstrated. Allograft rejection is
normal. Arthritis, hemolytic anemia and atopic
manifestations are frequently observed. However,
the wheal-and-flare response of atopic
hypersensitivity cannot be demonstrated.

The incidence of this condition has been
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Table 17.1 Classification of primary immunodeficiency syndromes
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A. Disorders of specific immunity

L

Humoral imminodeficiencies (B cell defects)

a. X-linked agammaglobulinemia

b. Transient hypogammaglobulinemia of infancy

¢. Common variable immunodeficiency (late onset hypogammaglebulinemia)
d. Selective immunoglobulin deficiencies (IgA, IgM or 1gG subclasses)

e. Immunodeficiencies with hyper-Igh

f. Transcobalamin 1T deficiency

Cellular immunodeficiencies {T cell defects)
a. Thymic hypoplasia (Digeorge’s syndrome)}

b. Chronic mucocutaneous candidiasis

e. Purine nucleoside phosphorylase (PNP) deficiency.

IT1. Combined immunodeficiencies (B and T cell defects)

2. Cellular immunodeficiency with abnormal immunoglobulin synthesis
(Nezelof syndrome)
Araxia telangiectasia
Wiskott—Aldrich syndrome
Immunodeficiency with thymoma
Immunodeficiency with short-limbed dwarfism
Episodic lymphopenia with lymphocytotoxin
Severe combined immunodeficiencies
. "Swiss type’ agammaglobulinemia
2, Reticular dysgenesis of de Vaal
3. Adenosine deaminase (ADA) deficiency

N

B. Disorders of complement

b.

Complement component deficiencies
Complement inhibitor deficiencies

C. Disorders of phagocytosis

1=

TR M AN T

Chronic Ennulnm:tﬂus disease
]'l-'[yel:rpcmmdase deficiency
Chediak-Higashi. syndrome
Leucocyte G6PD deficiency
Jub's syndrome

Tuftsin deficiency

Laxy leucocyte syndrome
Hyper-IgE syndrome
Actin-binding protein deficiency
Shwachman's disease

reported as one in a hundred thousand population
in the United Kingdom. Its management consists
of the maintenance of an adequate level of
immunoglobulins. This can be achieved with an
initial administration of 300 mg of gammaglobulin
per kg of body weight in three doses followed by
monthly injections of 100 mg per kg. The slow

fractional catabolic rate of IgG in this condition
enables the maintenance of effective levels warh this
dosage. Commercial preparations of
gammaglobulin contain only traces of IgA and IgM.
To provide these, whole plasma infusions have been
employed, the donors being tested for hepatitis and
other transmissible infections.
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HyPOGAMMAGLOBULINEMIA
0OF INFANCY

TRANSIENT

This is due to an abnormal delay in the initiation
of IgG synthesis in some infants. Maternal IgG is
slowly catabolised in the newborn and reaches a
level of 200 mg per 100 ml by the second month.
Ordinarily, the infant begins synthesising its own
IgG by this age. When there is a delay,
immunodeficiency occurs. Recurrent otins media
and respiratory infections are the common diseases
found in this condition. Spontaneous recovery ocours
between 18 and 30 months of age. It may be found
in infants of both sexes. Treatment with
gammaglobulin may be required in some cases but
it 1s not recommended prophylactically, as it may
contribute to prolongation of immunedeficiency by
a negative feedback inhibition of IgG synthesis.

CoMmMon VARIABLE
IMMUNODEFICIENCY

This commoen form of immunodeficiency is also
known as late onset hypogammaglobulinemia
because it usually manifests only by 15-35 years of
age. It is characterised by recurrent pyogenic
infections and an increased incidence of
autoimmune disease. Malabsorption and gardiasis
are common. The total immunoglobulin level is
usually less than 300 mg per 100 ml, with IgG less
than 250 mg per 100 ml. B cells may be present in
circulation in normal numbers, but they appear
defective in their inability to differentiate into plasma
cells and secrete immunoglobulins. Increased
suppressor T cell and diminished helper T cell activity
have been proposed as a cause of this disorder.
Treatment is by administration of gammaglobulin
preparations intramuscularly or intravenously.

SELECTIVE [MMUNODGLOBULIN
DEFICIENCIES

In these conditions, there is selective deficiency of
one or more immunoglobulin classes, while the
others remain normal or elevated. These
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‘dysgammaglobulinemias’ are common and have
been reported in about one per cent of all patients
with recurrent infections. Isolated IgA deficiency
is the most common condition in this group, with
a reported incidence of about 0.2 per cent in normal
populations. These patients exhibit increased
susceptibility to respiratory infection and
steatorrhea. IgA deficiency is often accompanied
by atopic disorders. Anti-IgA antibodies are present
in many of these patients,

Selective IgM deficiency has been found to be

associated with septicemia. Deficiencies of IgG
subclasses have been observed in relation with
chronic progressive bronchiectasis.
Immunodeficiencies with hyper-1gM: In
this group of immunodeficiencies, some of which
are X-linked and some inherited as autosomal
recessive, low IgA and IgG levels are seen with
clevated IgM. The IgM molecules appear to have
normal structure and possess antibody activity.
Patients show enhanced susceptibility to infections
and auteimmune processes such  as
thrombocytopenia, neutropenia, hemolytic anemia
and renal lesions. Some patients develop malignant
infiltration with IgM-producing cells. Elevated
IgM level with immunodeficiency is sometimes seen
in congenital rubella.
Transcobalamin [l deficiency: In this
disorder, inherited as autosomal recessive, patients
show metabolic effects of vitamin B12 deficiency
including megaloblastic anemia and intestinal
villous atrophy. The associated immunological
defects are depleted plasma cells, diminished
immunoglobulin levels and impaired phagocyrosis.
Treatment with vitamin B12 has been reported to
restore hematopoietic, gastrointestinal and B cell
functions but not phagocytic activity.

CELLULAR IMMUNODEFICIENCIES

hypoplasia ([ligeorge's
syndrome) This is a developmental defect
involving the endodermal derivatives of the third
and fourth pharyngeal pouches. It leads to aplasia

Thymic
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or hypoplasia of the thymus and parathyroid glands.
It does not appear to be hereditary and does not
show a familial incidence. It is probably due to some
intrauterine infection or other complications. It is
usually associated with Fallots tetrology and other
anomalies of the heart and the great vessels, and a
characteristic facial appearance. Neonatal tetany is
present. Patients who survive the neonatal period show
enhanced susceptibility to viral, fungal and bacterial
infections, which ultimately prove faral.

The immunodeficiency primanly involves cell
mediated immunity. The thymus dependent areas
of lymph nodes and spleen are depleted of
lymphocytes. Circulating T cells are reduced in
number, Delayed hypersensitivity and graft rejection
are depressed. The humoral immune mechanism
18 largely unaffected. Antibody response to primary
antigenic stimuli is normal but secondary response
to many antigens is impaired. Transplantation of
fetal thymus tissue has been reported to restore the
immunological function.

Chronie mucocutaneous candidiasis:
This constitutes an abnormal immunological
response to Candida albicans, Patients develop severe
chronic candidiasis of the mucosa, skin and nails.
They do not show increased suscepubility to other
infections but often have endocrinopathies. Cell
m‘:diat‘:d immun'll::," T Eﬂ.'l.'ll'jid:l i.5- d:ﬁdﬂnt I].'I s0me
cases there is a total failure of T cell response to
any test antigen. Delayed hypersensitivity to candida
am'i.gi:ns 15 absent but Ein:u[aﬁng antibodies to them
are found in high titres. Intracellular killing of
candida is defective, Transfer factor therapy, along
with amphotericin B, has been reported effective.
Furine nucleoside phosphorvlase
{(PNP) deficiency: The enzyme purine
nucleoside phosphorylase is involved in the
sequential degradation of purines to hypoxanthine
and finally to uric acid. Patients who have PNP
deficiency as an autosomal recessive inherited trait
show decreased cell mediated immunity and
recurrent or chronic infections. They usually
present with hypoplastic anemia and recurrent
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pneumonia, diarrhea and candidiasis. A low serum
uric acid may point to the diagnosis,

CoMBINED IMMUNODEFICIENCIES
Cellular immunodeliciency with
abnormal immunoglobulin  synthesis

(Nezelof syndrome): The term Nezelof
syndrome has been rather loosely applied to a group
of disorders, probably of varied etiology, where
depressed cell mediated immunity is associated with
selectively elevated, decreased or normal levels of
immunoglobulin. The consistent features are a
marked deficiency of T cell immunity and varying
degrees of deficiency of B cell immunity. Patients
are susceptible to recurrent fungal, bacterial, viral
and protozoal diseases. Abundant plasma cells are
seen in the spleen, lymph nodes, intestines and
elsewhere in the body. Thymic dysplasia occurs
with lymphoid depletion. Autoimmune processes
such as hemolytic anemia are common. In spite of
normal levels of immunoglobulins, anngn:mc stimuli
do not induce antibody formation.
Histocompatible bone marrow transplantation,
transter factor and thymus transplantation have been
used for treatment, with success in some cases.
Adequate antimicrobial therapy is essential.
Ataxia telangiectasia: This is a hereditary
condition transmitted in the autosomal recessive
mode, where combined immunodeficiency is
associated with cerebellar araxia, relangiectasia,
ovarian dysgenesis and chromosomal abnormalities.
The earliest signs are ataxia and choricathetoid
movements which are usually noticed in infancy.
Telangiectasia involving the conjunctiva, face and
other parts of the body usually appears ar five or
six years of age. Death occurs due to sinopulmonary
infection early in hife, or malignancy in the second
or third decade. The majority of patients lack serum
and secretory IgA and some possess anubody to
IgA. IgE deficiency is also frequent. Cell mediated
immunity is also defective, resulting in an
impairment of delayed hypersensitivity and graft
rejection. The disease is progressive, with both
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neurological defects and immunodeficiency
becoming more severe with time. Transfer factor
therapy and fetal thymus transplants have been tned
with some benefit.

Wiskott-Aldrich syndrome: This is an X-
linked disease characterised by eczema,
thrombocytopenic purpura and recurrent infections.
Affected boys rarely survive the first decade of hfe,
death being due to infection, hemorrhage or
lymphoreticular malignancy. Cell mediated
immunity undergoes progressive deterioration
associated with cellular depletion of the thymus
and the paracortical areas of lymph nodes. Serum
IgM level is low but IgG and IgA levels are normal
or elevated. Isohemagglutining are absent in the
serum. The humoral defect appears to be a specific
inability to respond to polysacchanide antigens. Bone
marrow transplantation and transfer factor therapy
have been found beneficial.
Immunodeficiency with thymoma: This
syndrome, occurring usually in adults, consists of a
benign thymic tumour, impaired cell mediared
immunity and agammaglobulinemia. It is frequently
accompanied by aplastic anemia. This is of historical
importance as one of the experiments of nature
which suEgcated the immunl:llngi-;:al function of the
thymus.
[TI'II'I'III!'HIL‘IJ..‘FE-I..‘III.'.III::}'
dwarfism: The features of this condition are a
distinctive form of short-limbed dwarfism,
ectodermal dysplasia, thymic defects and enhanced
susceptibility to infection. These defects are
appa.rem:l}' inherited as autosomal recessives,
Episodic lvmphopenia with lympho-
cytotoxin: In this syndrome there occurs an
episodic but profound depression of T cell function
by the action of a circulating complement dependent
lymphocytotoxin, The toxin appears to be an
antilymphocyte antibody. The patients lack
‘immunological memory’ so the secondary antibody
response 15 abolished. The disease is familial.
severe combimed immunodehiciencies:
These include many syndromes with severe

with short-limbed
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d:ﬁci:m::r of both humoral and cell mediated
immune responses. | hey are inherited in the
autosomal recessive mode and the pnmary defects
are at the level of the early precursors of
immunocompetent cells in the fetal liver and bone
marrow. Many distinct patterns of severe combined
immunodeficiency have been described.

In 1958, workers  reported
agammaglobulinemia with lymphocytopenia and
severe defect in cell mediated immunirty. This has
been referred to as Swiss fype agamma-
globulinemia. The basic defect is presumed to be
at the level of the lymphoid stem cell.

The most serious form of combined
inmunodeficiency is the reticular dysgenesis of de
Vaal. Here the defect is at the level of the
multipotent hemopoietic stem cell, as a result of
which there is a total failure of myelopoiesis leading
to lymphopenia, neutropenia, thrombocytopenia,
anemia and bone marrow aplasia. The condition is
invariably fatal in the first week of life.

Adenosine dearminase (ADA) deficiency is the
first immunodeficiency disease associated with an
enzyme deficiency. ADA catalyses the conversion
of adenosine to inosine, an important step in the
purine metabolic pathway. How this deficiency
causes immunological impairment is not clear. The
range of immunodeficiency varies from complete
absence to mild abnormalities of B and T cell
functions. The condition is associated with
chondrocyte abnormalities which can be discerned
radiologically.

Swiss

DISORDERS OF COMPLEMENT

Complement component deficiencies:
Genetic deficiencies have been detected for almost
all the complement components in human beings.
The defects are transmitted as autosomal recessive
traits. Hemolytic and other functional activities are
completely restored by supplying the deficient
tactor. Complement component deficiencies have
been frequently associated with systemic lupus
erythematosus. Recurrent pyogenic infections were
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found associated with C3 deficiency and neisserial
infections with deficiency of C6, C7 and C8,
Complement inhibitor deficiencies:
Hereditary angioneurotic edema is due to a genetic
deficiency of C1 inhibitor. This relatively common
defect is transmitted as an autosomal dominant.
Androgens, aminocaproic acid and its analogue
tranexamic acid have been found useful in the
management of this condition. Plasma infusions,
once recommended for treatment, have been given
up as they were found to worsen the condition in
SOME CASEs.

The rare deficiency of C3b inactivator has been
associated with chronic recurrent pyogenic lesions.

DISORDERS OF PHAGOCYTOSIS
Phagocytosis may be impaired by either intrinsic or
extrinsic defects. Intrinsic disorders may be due to
defects within the phagocytic cell, such as enzyme
deficiencies. Extrinsic disorders may be due to a
deficiency of opsonic antibody, complement or other
factors promoting phagocytosis, or to the effects of
drugs or antineutrophil autoantibodies. Phagocytic
dysfunction leads to increased susceptibility to
infection, ranging from mild recurrent skin infections
to overwhelming systemic infection,

Chronic granulomatous disease: This
familial disease manifests itself as recurrent infection
with low grade pathogens, starting early in life. The
progress is chronic and the outcome fatal. Chronic
and lymph nodes, along with hepatosplenomegaly,
progressive infiltration of lungs and granulomatous
septic osteomyelitis. Humoral and cellular immune
are normal.

The bacteria involved in the recurrent infections
are catalase positive pyogenic pathogens such as
staphylococci and coliforms. Cartalase negative
pathogens such as streptococcl and pneumococc
are handled normally. Leucocytes from the patients
are unable to kill catalase positive bactena following
phagocytosis. The bacteria multiply in the cells and,
being protected from antibodies and antibiotics by
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their intracellular position, set up chronic
suppurative infection. The diminished bactericidal
capacity of the phagocytic cells is associared with
a decrease of some metabolic processes like oxygen
consumption, hexose monophosphate pathway
activity and production of hydrogen peroxide. The
diminished H,O, production appears to be the
major reason for the bactericidal defect. The
leucocytes do not undergo degranulation following
phagocytosis. The delayed granule rupture and
defective release of myeloperoxidase also contnbute
to inefficient bactericidal activity. Leucocytes from
the patients fail to reduce nitroblue tetrazolium
(NBT) during phagocytosis. This property has been
used as a screening method (NBT test) for the
diagnosis of chronic granulomatous disease.

The disease shows two types of inheritance—
the more common X-linked type seen in boys and
the rare autosomal recessive type seen in girls.
Myeloperoxidase defliciency: In this rare
disease, leucocytes have reduced myeloperoxidase.
Patients are particularly liable to Candida albrcans
infection.

Chediak-Higashi syndrome: This is a
genetic disorder characterised by decreased
pigmentation of the skin, eyes and har,
photophobia, nystagmus and giant peroxidase
positive inclusions in the cytoplasm of leucocytes.
The inclusions may be the result of autophagocytic
activity. The leucocytes possess diminished
phagoeytic activity. Patients suffer from frequent
and severe pyogenic infections.

Leucocyte GO6PID deficiency: In this rare
disease, leucocytes are deficient in glucose 6
phosphate dehydrogenase and show diminished
hﬂ.l:tfricidﬂ]. activit}' aft:r Fhﬂgﬂﬂ}'tﬂiiﬁ- TI'!.I:
condition resembles chronic granulomatous disease
in reduced myeloperoxidase activity and .
susceptibility to microbial agents, but the NBT test
may be normal.

Job's syndrome: This is characterised by
multiple large ‘cold’ staphylococcal abscesses
containing large quantities of pus, occurring
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repeatedly on the skin and in various organs, with
little inflammatory response. Atopic eczema, .
chronic nasal discharge and otitis media are
common features. The serum immunoglobulins are
normal, except for elevated IgE. The pathogenesis
of the syndrome 15 not clear but it is probably a
primary defect in phagocytic function.

Tuftsin defliciency: A leucokinin c:lpahll: of
stimulating phagocytosis, discovered at Tufts
University, Boston, has been designated "tuftsin’,
Chemically, it is a small tetrapeptide (Thr-Lys-
Pro-Arg). Patients with tuftsin deficiency have
been reported to be prone to local and systemic
hlf::l'llﬂ.l il'.I.I:'l:lL'EIIU'HE.

Lazy leucocyte syndrome: The basic defect
here is in chemotaxis and neutrophil mobility. The
bone marrow has a normal number of neutrophils
but there is a peripheral neutropenia, with poor
leucocyte response to chemical and inflammatory
stimulation.
susceptibility to bacterial infection, with recurrent
stomatitis, gingivitis and otitis.

Hyper-1gk syndrome: These patients, of both
sexes, have an early onset of eczema and recurrent
bacterial infections such as abscesses, pneumonia and
secondary infection of eczema, The orgamisms
responsible include Staphylococcus aureus and
Streptococeus pyogenes, Cellular and humoral immune
mechanisms are normal but serum IgE levels are
usually more than ten times the normal level
Actin-binding  protein  deficiency:
Frequent infection and slow mobility of leucocytes
result from the defective actin-binding protein in
these patients.

Shwachman's disease: In this condition,

Patients show an increased
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frequent infections are found together with decreased
neutrophil mobility, pancreatic malfunction and
bone abnormalities.

SECONDARY IMMUNODEFICIENCIES

A variety of factors such as malnutrinon, malignancy,
infections, metabolic disorders and cytotoxdc drugs may
lead to deficits in specific and nonspecific immunity.
AIDS is a secondary immunodeficiency. Secondary
immunodeficiencies are therefore very much more
common than primary deficiencies.

Deficiencies of humoral and cellular immune
response may occur secondarily during the course
ﬂf IMany LHEEHEC PrOCCESES. Hllmﬂl'ﬂ!. dl".ﬁfi.tﬂl:}"
results when B cells are depleted as in lymphoid
malignancy, particularly in chronic lymphatic
leukemia; when immunoglobulin catabolism is
increased as in the nephrotic syndrome; when
excessive loss of serum protein occurs as in
exfoliative skin disease and in protein-losing
enteropathies; and when excessive production of
abnormal immunoglobuling occurs as in muleple
myeloma. Cell mediated immunity is depressed in
lymphoreticular malignancies, as in Hodgkin's
disease; obstruction to lymph circulation or
lymphorrheas; when the thymus dependent areas
of lymph nodes are infiltrated with nonlymphoid
cells as in lepromatous leprosy; and, transiently,
following certain viral infections such as measles.

Nutritional deprivation affects both types of
immune responses adversely. Ageing also causes
waning in the efficiency of acquired immuniry.
Immunodeficiency follows the intentional or
unintentional administration of immunosuppressive
agents,

Further Reading

Rosen F5 et al. 1984, The primary immunodeficiencies. New Engl [ Med 311:235, 300.

Fischer A and A Amarz-Villena 1995, Immunodeficiencies of genetic ongin. fmmunol Today 16:510.
Stites DP and Al Terr 1991. Basic and Clinical Immunalogy. 7™ edn. Connecticur: Appleton-Lange.
Wizgel H. 1993, Immunodeficiency. Curr Opin Immunol 5:567.
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Immunity was originally considered a protective
process, helping the body to overcome infectious
agents and their toxins. This however is only one
aspect of the broad phenomenon of immunirty which
includes all manner of specihic responses to antigens.
Immune response may sometimes be injurious to
the host. Sensitised individuals r:spund ti
subsequent antigenic stimuli in an inapproprate or
exaggerated manner, leading to tissue damage,
disease or even death. The term hypersensitivity
refers to the injurious consequences in the sensitised
host, following contact with specific antigens. In
the protective processes of immunity, the focus of
attention is the antigen and what happens to ir—
for example, killing of a bacterium or neutralisation
of a toxin. In hypersensitivity, on the other hand,
antigens are of little concern and often, they are
innocuous or bland substances such as serum
proteins or pollen. Hypersensitivity is concerned
with what happens to the host as a result of the
ImIinune reactuon.

Considerable confusion is attached to the use
of the term ‘allergy’. As originally used by von
Pirquet, allergy meant an altered state of reactivity
to an antigen, and included both
responses, protective as well as injurious, It is stll
used in this broad sense by some. Others use the
term ‘allergy’ to mean all immune harmful
to the host, such as hypersensitivity and
autoimmunity. Allergy is probably most commonly
used as a synonym for hypersensitivity, It is
sometimes employed in a narrow sense to refer o
only one type of hypersensitivity, namely ‘atopy’.

For induction of hypersensitivity reactions, the host

5 of Immune

Hypersensitivity

should have had contact with the antigen (allergen).
The initial contact sensitises the immune system,
leading to the priming of the appropriate B or T
lymphocytes. This is known as the ‘sensitising’ or
‘priming’ dose. Subsequent contact with the allergen
causes manifestations of hypersensitivity. This is
known as the ‘shocking’ dose.

CLASSIFICATION OF
HyPERSENSITIVITY REACTIONS

Hypersensitivity reactions have been classified
traditionally into ‘immediate’ and ‘delayed’ types,
based on the time required for a sensitised host to
develop clinical reactions on re-exposure to the
antigen. The major differences between the
inmediate and delayed types of hypersensitivity
reactions are shown in Table 18.1.

The immediate and delayed reactions are
subdivided into several distinct clinical types:
[. Immediate hypersensitivity (B cell or
antibody mediated)

Anaphylaxis

Atopy

Antibody mediated cell damage

Arthus phenomenon

Serum sickness

I[I. Delaved hyvpersensitivity (T cell
mediated)

Infection (tuberculin) type

Contact dermaritis type

Coombs and Gell (1963) classified

hypersensitivity reactions into four types based on
the different mechanisms of pathogenesis. Their
classification, now widely used, is outlined below:
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Table 18.1 Distinguishing features of immediate and delayed types of hypersensitivity

Immediare hypersensitivity

1. .H.ppﬂrs and recedes r:pi;:l.li.r.
2. Induced by antigens or haptens by any route.

3. Circulating antibodies present and responsible
for reaction; “antibody mediated’ reaction.

4. Passive transfer possible with serum.

5. Desensitisation easy, but short-lived.

b = |

U:Jn;rrd ﬁyp:.l‘#:nlfl‘.iﬁl}f

Appears slowly, lasts longer.

Antigen or hapten intradermally or with
Freund'’s adjuvant or by skin contact
Circulating antibodies may be absent and
not responsible for reaction; ‘cell mediated
reaction.

Cannnot be transferred with serum; but
possible with T cells or transfer factor,
Difficult, but long-lasting.

4. Type

. Tyvpe 1 (Anaphylactic, IgE or reagin
dependent): Antibodies ('cytotropic’ IgE
antibodies) are fixed on the surface of tissue cells
(mast cells and basophils) in sensitised
individuals. The antigen combines with the cell-
fixed antibody, leading to release of
phmnal:ulngi::]l}' active substances (vasoactive

amines) which produce the clinical reaction.

2. Type 1T (Cytotoxic or cell stimulating): This

type of reaction is initiated by IgG (or rarcly
IgM) antibodies that react either with cell
surface or tissue antigens. Cell or tissue damage
occurs in the presence of complement or
mononuclear cells. Type Il reactions are
intermediate between hypersensitivity and
autoimmunity, Combination with antibody may,
in some instances, cause stimulation instead of
damage. An example is the long acting thyroid
stimulator’ (LATS), an antibody against some
determinant on thyroid cells, which stimulates
excessive secretion of thyroid hoermone. (Such
antibody mediated cell stimulation has also been
called type V hypersensitivity.)

. Type 111 (Immune complex or toxic complex
disease): Here the damage is caused by antigen
antibody complexes. These may precipitate in
and around small blood vessels, causing damage
to cells mndﬂ'.l.lﬁ. or on membranes, intl:rﬁ:ring
with their function.

IV (Delayed or cell mediated

hypersensitivity): This is a cell mediated
response. [ he antigen activates specifically
sensitised CD4 and CD8 T cells, leading to the
secretion of lymphokines, with fluid and
phagocyte accumulation.

The classification and some of the features of
h}-'p:rn:nsiti.virf reactions are shown in Table
18.2. The four types of immunopathogenic
mechanisms described are not mutually
exclusive. Any given hypersensitive reaction may
comprise the components of more than one, or
all of these mechanisms. The pathology and
clinical features of such immunological diseases
would also be influenced by the contributions
of many nonimmune body mechanisms such as
inflammation, complement, coagulation,
fibrinolytic and kininogenic systems, collectively
called the humoral amplification systems.

TYPE | REACTIONS (IgE DEPENDENT)

These occur in two forms = the acute, potentially

fatal, systemic form called anaphylaxis and the
chronic or recurrent, nonfaral, typically localised
torm called atopy.

ANAPHYLAXIS

This is the classical immediate hypersensitivity
reaction. 1L he term maph_vlaxis (ana = without,
phylaxis = protection) was coined by Richet (1902)
to describe his observation that dogs which had
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Table 18.2 Types of hypersensitivity reaction and their features

Type of reaction Clinical syndrome
T}r]:r: 1: IgE type 1. Hnaph:.rluii
2. Aropy
Type 1I: Cytolytic Antibody mediated damage—
and cytotoxic thrombocytopenia—agranulo-
cytosis, hemolytic anemia, etc.

Type I1I: Immune 1. Arthus reaction

complex 2. Serum sickness
Type IV: Delayed 1. Tuberculin
2. Contact dermanitis

hypersensitivity

Time required for Mediators

manifestation - -

Minutes IgE: histamine and
other pharmacological
agents

Variable: hours IgG: Ighl, C

to days

Variable: hours IgG: IgM, C,

to days leuc

Hours to days T cells; lymphokines;
macrophages

survived a sublethal injection of a toxic extract of .

sea ancmones were rendered highly susceptible to
minute doses of the toxin given days or weeks later,
instead of becoming immune to it. Theobald Smith
(1902) had noticed a similar phenomenon in guinea
pigs, following widely spaced injections of toxin—
antitoxin mixtures. Ehrlich named this the
“Theobald Smith phenomenon’ and showed that it
was independent of the toxin and antitoxin used,
since the phenomenon could be induced with
normal serum also.

Sensitisation is most effective when the antigen
is introduced parenterally but may occur by any
route, including ingestion or inhalation. In
susu:ptibl: Species, very minute doses can sensitise
the host. Antigens as well as haptens can induce
anaphylaxis. There should be an interval of at least
2-3 weeks between the sensitising dose and the
shocking dose. Once sensitised, the individual
remains so for long periods. The shocking dose is
most effective when injected intravenously, less
effective intraperitoneally or subcutaneously and
least effective intradermally. The shocking antigen
must be identical or immunologically closely
related to the sensitising antigen. The clinical
features of anaphylaxis are the same with any antigen
but vary between species. The clinical effects are
due to smooth muscle contraction and increased
vascular permeability. The organs affected vary with

the species. Tissues or organs predominantly
involved in the anaphylactic reaction are known as
‘target tissues’ or ‘shock organs’. Other changes seen
in anaphylaxis are edema, decreased coagulability
of blood, fall in blood pressure and temperature,
leucopenia and thrombocytopenia,

There is considerable species variation in
susceptibility to anaphylaxis, Guinea pigs are highly
susceptible and rats very resistant. Rabbits, dogs
and human beings are of intermediate susceptibility.
Anaphylaxis can be readily induced in guinea pigs.
If a small dose of egg albumin is injected
intraperitoneally, followed 2-3 weeks later by a
slightly larger dose of the same antigen
intravenously, the guinea pig will exhibit a dramatic
sequence of events. Within minutes the animal
becomes irntable, sneezes, coughs, experiences
respiratory distress, develops comvulsions and dies.
The heart continues to beat for some time after the
respiration has stopped. At autopsy, the lungs are
markedly emphysematous and do not collapse when
the thorax is opened or even when they are cut
into pieces. The shock organ is the Jung, Death is
due to the constrniction of the smooth muscles of
the bronchioles causing respiratory standstill.

In rabbits, death in anaphylactic shock 15 due
to constriction of the pulmonary artery and its
branches, leading to extreme dilatation of the right
side of the heart. Respiratory movements continue
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after the cessaton of the heartbeat. In dogs, the
reaction is slower and rakes 1-2 hours. There is
constriction of the hepatic venous system with gross
engorgement of the liver and profound fall of blood
pressure. In human beings, faral anaphylaxis is
fortunately rare. Symptoms and signs of
anaphylactic shock begin with irching of the scalp
and tongue, flushing of the skin over the whaole
body and difficulty in breathing due to bronchial
spasm. There may be nausea, vomiting, abdominal
pain and diarrhea, sometimes with blood in the
stool. Acute hypotension, loss of consciousness and
death follow, Human anaphylaxis, once commonly
associated with heterologous serum therapy, 15 now
seen mostly following injections of antibiotics or
ather drugs. Insect stings can also cause anaphylaxis
in human beings. Prompt treatment with adrenaline
can be life-saving. Adrenaline is to be administered,
0.5 ml of a 1 in 1000 solution, subcutancously or
intramuscularly, the dose being repeated upto a total
of 2 ml over 15 minutes, if necessary.
Cutaneous anaphyvlaxis: When a small
shocking dose of an antigen is administered
intradermally to a sensitised host, there will be a
local wheal-and-flare response (local anaphylaxis).
The wheal is a pale, central area of puffiness due
to edema, which is surrounded by a flare caused by
hyperemia and subsequent erythema. Cutaneous
anaphylaxis (skin test for Type I hypersensitivicy)
is useful in testing for hypersensitivity and in
identifying the allergen responsible in atopic
diseases. In highly sensitised individuals, even
the skin test may lead to serious and even fatal
reactions. Hence a syringe loaded with adrenaline
should always be kept ready whenever a skin
test is performed to detect anaphylactic
hypersensitiviry.

Passive cutaneous anaphvlaxis (PCA):
This test developed by Ovary (1952) is an extremely
sensitive in vivo method for detection of antibodies.
A small volume of the antibody 15 injected
intradermally into a normal animal. If the antigen,
along with a dye such as Evans blue, is injected
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intravenously 4-24 hours afterwards, there will be
an immediare blueing at the site of intradermal
injection due to vasodilatation and increased
capillary permeability {wheal-and-flare reaction).
PCA can be used to detect human IgG antibody
which is heterocytotropic (capable of fixing to cells
of other species) bur not IgE which s
homocytotropic (capable of fixing to cells of
homologous species only).

Anaphylaxis in vitro: Isolated tissues, such
as intestinal or uterine muscle strips from sensitised
guinea pigs, held in a bath of Ringer's solution will
contract vigorously on addition of the specific
antigen to the bath. This is known as the Schultz-
Dale phenomenon. The reaction is specific and will
be elicited only by the antigen to which the animal
15 sensitive. Tissues from normal animals can be
passively sensitised by treatment with serum from
sensitised animals.
Mechanism  of  anaphylaxis:  The
immunologic basis for hypersensitivity is cytotropic
IgE antibody. Free IgE antibody in circulation is
not relevant in anaphylaxis. Thus, an animal
with a high ntre of circulating antibody may be
refractory to shock, while anaphylaxis may be
caused b_',l' cell fixed a.ntibud}', even 1 the absence
of detectable circulating antibody. While in human
beings, IgE is the cytophilic antibody, in the guinea
pig and mouse the analogous cytophilic antibody
is 1g51.

IgE. molecules are bound to surface receptors
on mast cells and basophils. These cells carry large
numbers of such receptors called Fe ER receptors,
analogous to TCR receptors on T cell surface. IgE
molecules artach to these receptors by their Fe end.
Following exposure to the shocking dose, the
antigen molecules combine with the cell bound
IgE, bridging the gap berween adjacent antibody
molecules. This cross-linking increases the
permeability of the cells to calcium ions and leads
to degranulation, with release of biologically active
substances contained in the granules. The
manifestations of anaphylaxis are due to
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pharmacological mediators, which are of two kinds
—primary mediators which are the preformed
contents of mast cell and basophil granules
(histamine, serotonin, eosinophil chemotactic factor
of anaphylaxis, n:utmphil chemotactic factor,
heparin and various proteolytic enzymes) and
secondary mediators which are newly formed upon
stimulation by mast cells, basophils and other
leucocytes (slow reacting substance of anaphylaxis,
prostaglandins and platelet activating factor, and
cytokines such as IL3, 1L4, ILS5, IL6; GM-CSF).
Primarv mediators of anaphylaxis:
Histamine: This is the most important vasoactive
amine in human anaphylaxis. Histamine is formed
by the decarboxylation of histidine found in the
granules of mast cells, basophils and in platelets.
Released into the skin, histamine stimulates sensory
nerves, producing burning and itching sensations.
It causes vasodilatation and hyperemia by an axon
reflex (flare effect) and edema by increasing capillary
permeability (wheal effect). Histamine induces
smooth muscle contraction in diverse tissues and
organs, including vasculature, intestines, uterus and
especially the bronchioles. It also stimulates
secretions (secretogogue effect).

1. Serotonin (5-hydroxy tryptamine):
This is a base derived by decarboxylation of
tryptophan. It is found in the intestinal mucosa,
brain tissue and platelets. It causes smooth
muscle contraction, increased capillary
permeability and vasoconstriction. It is
important in anaphylaxas in rats and mice but
its role in human beings is uncertain.

2. Chemotactic factors: The ecosinophil
chemotactic factors of anaphylaxis (ECF-A) are
acidic tetrapeptides released from mast cell
granules which are strongly chemotactic for
cosinophils. These probably contribute to the
eosinophilia accompanying many hyper-
sensitivity states. A high molecular weight
chemotactic factor has been identified, which
attracts neutrophils (NCF).

Heparin is an acidic mucopolysaccharide. It
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contributes to anaphylaxis in dogs, but apparently
not in human beings.

Enzymatic mediators such as proteases and
hydrolases are also released from mast cell

ETIIII.I].I:E;

Secondary mediators of anaphylaxis

1. Prostaglandins and leukotrienes: They
are derived by two different pathways from
arachidonic acid, which i1s formed from
disrupted cell membranes of mast cells and other
leucocytes. The lipoxygenase pathway leads to
the formation of leukotrienes, while the cyclo-
oxygenase pathway leads to prostaglandins and
thromboxane. A substance originally
demonstrated in lungs, producing slow,
sustained contraction of smooth muscles, and
therefore termed slow reacting substance of
anaphylaxis (SR5-A) has since been identified
as a family of leukotrienes (LTB4, C4, D4, E4).
Prostaglandin F2a and thromboxane A2 are
powerful, but transient, bronchoconstrictors.
Prostaglandins also affect secretion by mucous
glands, platelet adhesion, permeability and
dilatarion of capillaries and the pain threshold.

2. Platelet activating factor (PAF): PAF
is a low molecular weight lipid released from
basophils which causes aggregation of platelets
and release of their vasoactive amines.

Other mediators of anaphylaxis: Besides
the products of mast cells and other leucocytes,
several other biologically active substances have
been implicated in anaphylaxis. These include the
anaphylatoxins released by complement activation
kininogens.

Anaphvlactoid reaction: Intravenous

injection of peptone, typsin and certain other

substances provokes a clinical reaction resembling
anaphylactic shock. This is termed *anaphylactoid
reaction’. The clinical resemblance is due to the
same chemical mediators participating in both

reactions. The only difference is that anaphylactoid
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shock has no immunclogical basis and is a
nonspecific mechanism involving the activation of
complement and the release of anaphylatoans.
Atopyv: The term ‘ampy' {1i1.'cral|3' meaning out
of place or strangeness) was introduced by Coca
(1923) to refer to naturally occurring familial
hypersensitivities of human beings, typified by hay
fever and asthma. The antigens commonly involved
in atopy are characteristically inhalants {for
example, pollen, house dust) or ingestants (for
example, eggs, milk). Some of them are contact
allergens, to which the skin and conjunctiva may
be exposed. These atopens are generally not good
antigens when injected parenterally but induce Igh
antibodies, Fn-rml:r]}? termed as 'n::a.gir!r antibodies.
Atopic sensitisation is developed spontancously
following natural contact with atopens. It is difficult
o induce aropy artificially.

Predisposition to atopy is genetically determined,
probably linked to MHC genotypes. Atopy therefore
runs in familics. What is inherited 15 not sensitivity
to a particular antigen, or a particular atopic
syndrome but the tendency to produce Igk
antibodies in unusually large quantities. All
individuals are capable of forming Igk antibodies
in small amounts but in atopics Igk response is
preponderant. About 10 per cent of persons have
this tendency to overproduce IgE. It has been
reported that bottlefed infants tend to develop atopy
n later life more often than breastfed babues.

IgE differs from other immunoglobulins in the
following respects:

1. It cannot be demonstrated by the comventional
serological reactions such as precipitation or
complement fixation. The first in vitro method
for IgE detection was the radicallergosorbent
test (RAST). Simpler techniques such as
ELISA and passive agglutination have since
been introduced.

2. While atopy occurs commonly in human beings,
it 18 not easy to induce it expernimentally in
animals.
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3. IgE is homocytotropic, that is, species specific.
ﬂﬂir human IEE Can FII s ﬂ.'l: EUTFIEE D'Fhl.l]'l'lIII
cells. This is the basis of the Prausnitz—Kustner
(PK) reacnon, which was the unE;lnal method
for detecting atopic antibody. Prausnitz and
Kustner (1921) reported that if serum collected
from Kustner, who had atopic h}"l‘.ll:r‘i:l‘.l.'ﬂtn"ll.}" ()
certain species of cooked fish, was injected
intracutancously into Prausnitz, followed 24 hours
later by an intracutanecus injection of a small
quantity of the cooked fish antigen into the same
site, @ wheal-and-flare reaction occurred within a
few minutes. As reaginic IgE is homo-cytotropic,
the test has to be camed out on human skin. It
carries the nisk of transmission of infection and so
i no longer used.

4. Unlike other antibodies, IgE is heat sensitive
and is inactivated at 56 °C in 2-4 hours.
Heating appears to damage the Fc part of the
IgE molecule, which is necessary for fixation
to cells.

5. Atopic antibody does not pass through the
placenta.

Atopic sensitivity is due to an overproduction
of IgE annbodies. This 1s often associated with a
deficiency of IgA. This association has led to the
suggestion that IgA deficiency may predispose to
atopy. The distribution of lymphocytes capable of
synthesising lgA and lgE is closely parallel,
especially in the submucosa. In normal individuals,
the inhalant and mgestant antigens are dealt with
by IgA lining the respiratory and intestinal mucosa
and therefore they do not come into contact with
the potential IgE producing cells, When IgA is
deficient, the antigens cause massive stimulation of
IgE forming cells, leading to overproduction of IgE.

The symptoms of atopy are caused by the release
of pharmacologically active substances following
the combination of the antigen and the cell fixed
IgE. The clinical expression of atopic reactions is
usually determined by the portal of entry of the
antigen—conjunctivitis, thinins, gastrointestinal
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symptoms and dermatitis following exposure
through the eyes, respiratory tract, intestine or skin,
respectively. Sometimes the effects may be at sites
remote from the portal of entry, for example,
urticaria following ingestion of the allergen.
Specific desensitisation (hyposensitisation) is often
practised in the treatment of atopy.

TYPE Il REACTION: CYTOLYTIC AND CYTOTOXIC

These reactions involve a combination of IgG (or
rarely IgM) antibodies with the antigenic
determinants on the surface of cells leading to
cytotoxic or cytolytic effects. Examples are lysis of
red cells caused by antierythrocyte antibodies in
autoimmune anemias and hemolytic disease of the
newborn. Alternatively, a free antigen or hapten may
be absorbed on cell surfaces. Subsequent reaction
of the combined antigen or hapten with its
corresponding antibody leads to cell damage. Many
drugs may act in this manner, leading to
complement mediated lysis of red cells, leucocytes
and platelets, causing hemolytic anemia,
agranulocytosis and thrombocytopenic purpura.
In some Type II reactions, the antibody
combines with cell surface receptors and disrupts
normal function, either by uncontrolled activation
{a.gunist:ﬂ‘ictu caused ]J]rt.h: IIIIibUI’.I.}" 'Iung—lcl:ing
thyroid stimulator® in Graves' disease) or by
blocking (antagonist effect as in myasthenia gravis).

TYPE Il REACTIONS: IMMUNE COMPLEX

DISEASES
Arthus reaction: Arthus (1903) observed that
when rabbits were repeatedly injected

subcutaneously with normal horse serum, the initial
Ill'ljl:l:tllul'lﬁ hld T IﬂEI] E'FFEE'.' h'l.lt '\'itl'.l. 11[‘1:1'
injections, there occurred intense local reaction
consisting of edema, induration and hemorrhagic
necrosis. This is known as the Arthus reaction and
i5 a local manifestation of generalised
hypersensitivity. The tissue damage is due to
formation of antigen—antibody precipitates causing
complement activation and release of inflammatory

165

molecules. This leads to increased vascular
permeability and infiltration of the site with
neutrophils. Leucocyte—platelet thrombi are formed
that reduce the blood supply and lead to tissue
necrosis. The Arthus reaction can be passively
transferred with sera containing precipitating
antibodies (IgG, IgM) in high titres.

Arthus reaction forms a pathogenic component

of many clinical syndromes. For example,
intrapulmonary Arthus-like reaction to inhaled
antigens, such as thermophilic actinomycetes from
mouldy hay or grain causes Farmer’s lung and other
types of hypersensitivity pneumonitis.
Serum sickness: This is a systemic form of
Type 111 hypersensitivity. As originally described
by von Pirquet and Schick (1905}, this appeared
7-12 days following a single injection of a high
concentration of foreign serum such as the
diphtheria antitoxin. The clinical syndrome consists
of fever, lymphadenopathy, splenomegaly, arthrins,
glomerulonephritis, endocarditis, vasculitis,
urticarial rashes, abdominal pain, nausea and
vomiting. The pathogenesis is the formation of
immune complexes (consisting of the foreign serum
and antibody to it that reaches high enough titres
by 7-12 days), which ger deposited on the
endothelial lining of blood vessels in various parts
of the body, causing inflammatory infiltration.

The plasma concentration of complement falls
due to massive complement activation and fixation
by the antigen antibody complexes. The disease 15
self limited. With continued rise in antibody
production, the immune complexes become larger
and more susceptible to phagocytosis and immune
elimination. When all foreign antigen is thus
eliminated and free antibody appears, the symptoms
clear without any sequelae. The latent period of 7=
12 days is required only for serum sickness following
a single injection. With subsequent injections, the
disease manifests earlier. Serum sickness differs
from other types of hypersensitivity reaction in that
a single injection can serve both as the sensitising
dose and the shocking dose. As heterologous serum
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injections are not used often now, the syndrome is
currently more commonly seen following injections
of penicillin or other antibiotics.

Immune complexes occur in many diseases,
including bactenal, viral and parasitic infections (for
example, poststreptococcal glomerulonephritis,
hepatitis type B, malaria), disseminatred
malignancies and autoimmune conditions. The
nephritis and arthritis seen in these conditions may
be caused by deposition of immune complexes.

TYPE IV REACTIONS: DELAYED
HYPERSENSITIVITY

Type IV hypersensitivity reactions {(delayed
hypersensitivity) constitute one aspect of cell mediated
intracellular microbial infections or haptens like simple
chemicals applied on the skin, evolve slowly and
consist of a mixed cellular reaction involving
lymphocytes and macrophages in particular. The
ceaction is not induced by ciroulating antibodies but
by sensitised T cells (Tdth, Th1, Th2, Tc) which, on
contact with the specific antigen, release cytokines
that cause biological effects on leucocytes,
and tissue cells. Delayed hypersensitivity
cannot be passively transferred by serum but can be
transferred by lymphocytes or the transfer factor. Two
tuberculin (infection) type and the contact dermatitis
type.
Tuberculin (infection) type: The archetype
of delayed hypersensitivity is the tuberculin
reaction. When a small dose of tuberculin is injected
intradermally in an individual sensitised to
tuberculoprotein by prior infection or immunisation,
an indurated inflammatory reaction develops at the
site within 48-72 hours. In unsensitised individuals,
the tuberculin injection provokes no response. The
tuberculin test therefore provides useful indication
of the state of delayed hypersensitivity (cell
mediated immunity) to the baall. The mberculin
test differs from the skin test for Type I
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hypersensitivity not only in the longer interval for
appearance but also in its morphology and
histology.

Tuberculin type hypersensitivity develops in
many infections with bactena, fungi, viruses and
parasites, especially when the infection 15 subacute
or chronic and the pathogen intracellular. A similar
hypersensitivity is developed in allograft reaction
and in many autoimmune diseases.

Cutaneous basophil hypersensitivity: A
local reaction resembling the tuberculin response
may be produced by intradermal injection of some
protein antigens. This is not a delayed
hypersensitivity reaction as it can be passively
transferred by serum. Its histology is different from
the tuberculin response, being characterised by
prominent basophil infiltration. This was formerly
known as the Jones—Mote reaction but is now
termed cutaneous basophil hypersensitivaty. Its

significance is not known.

Contact type:  Delayed
hypersensitivity sometimes results from skin contact
with a variety of chemicals—metals such as nickel
and chromium, simple chemicals like dyes, picryl
chloride, dinitrochlorobenzene, drugs such as
penicilling and toiletries. Sensitisation is particularly
liable when contact is with an inflamed area of
skin and when the chemical is applied in an oily
base. Antibiotic ointments applied on patches of
dermatitis frequently provoke sensitisation. The
substances involved are in themselves not antigenic
but may acquire antigenicity on combination with
skan proteins. Sensitisation requires percutancous
absorption. As most of the substances involved are
fat soluble, passage along sebaceous glands may be
the method of entry of the allergens.

Langerhans’ cells of the skin capture locally
applied hapten, along with the modified tissue
proteins, and migrate to the draining lymph nodes
where they present the processed antigen along
with MHC molecules to T cells. The sensitised T
cells travel to the skin site, where on contacting

dermatitis
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the antigen they realease various lymphokines. Thi
I::Il.ﬂ seCrete IFNT :a.n-l:' I[...z Whiﬂh ﬂﬂt;vat:
macrophages and other lymphocytes. Th2 cells
release 114, IL5, GM-CSF and other factors that
lead to an influx of eosinophils and tissue damage.
Activated Tc cells mediare killing of target cels.

Contact with the allergen in a sensitised
individual leads to ‘contact dermatins’, the lesions
varying from macules and papules to vesicles that
break down, leaving behind raw weeping areas
typical of acute eczematous dermatitis.
Hypersensitivity is detected by the ‘patch test’. The
allergen is applied to the skin under an adherent
dressing. Sensitivity is indicated by itching
appearing in 4-5 hours, and local reaction which
may vary from erythema to vesicle or blister
formation, after 24-28 hours.

SHWARTIMAN REACTION

This is not an immune reaction but rather a
perturbation in factors affecting intravascular
coagulation. It is traditionally described along with
hypersensitvity reactions because of a superficial
resermblance.

Shwartzman {1928) observed that if a culture
filtrate of 5. oyphe 15 injected intradermally in a
rabbit, followed 24 hours later h].r the same flerate
intrav:nuusl}r, a I'I.E]TI‘DI'I]"IH.giE I'.II:EII'_'ItilL' 1:5i{m
dl:'l.rclnp.r. at the site of the mtradermal inj:ctinn-
The intradermal and intravenous injections need
not be of the same or even related endotoxins.
Culture suspensions or filtrates of a variery of
bacteria will sensitise the skin to intravenous
injection by an equally wide variery of cultures or
ﬁl“ﬂtﬂﬁ-. Thiq ﬂhﬁ:‘ﬂl;: ﬂ"- ql'm'l;i.ﬁ.l:llrr\- B.'I'H;! thﬂ !'i]'l.[!ll'f
interval between the two doses preclude any
immunological basis for the reaction,

The initial (preparatory} dose is
characteristically an endotoxin. The intravenous
{Pmmrhrc] ijection can be a vaniety of substances
—bacterial endotoxins, antig:n—antihnd}r
complexes, starch, serum, kaolin and others. The

preparatory injection causes accumulation of
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leucocytes which condition the site by release of
lysosomal enzymes damaging capillary walls,
Following the provocative dose, there occurs
intravascular clotting, the thrombi leading to
necrosis of vessel walls and hemorrhage.

If both the injections are given intravenously,
the animal dies 12-24 hours after the second dose.
Autopsy shows bilateral cortical necrosis of the
kidneys and patchy hemorrhagic necrosis in the
liver, spleen and other organs. An essentially similar
phenomenon was described by Sanarelli (1924) in
experimental cholera. The reaction is therefore
called the Sanarelli-Shwartzman reaction or the
generalised Shwartzman reaction.

It has been suggested that mechanisms similar
to the Shwartzman reaction may operate in some
clinical conditions such as the purpuric rashes of
meningococeal septicemia and the acute
hemorrhagic adrenal necrosis found in
overwhelming  infections [ Waterhouse—
Friderichsen syndrome).

Many infections, particularly Gram negative
sepricemias can lead to a sepric shock syndrome
with profound hypotension, hypoxia and oliguria.
This may sometimes be accompanied by the adult
respiratory distress syndrome (ARDS) with
r.m:nv]'n:lming nl:utrn]':]'li] ivasion of lung's.

Massive activation of complement by the
alternative pathwa}r, associated with release of
thromboxane A2 and prostaglandins from platelets
may lead to disseminated intravascular coagulation.
The mechanism may be the excessive release of
cytokines such as the tumour necrosis factor and
interleuking 1 and & by macrophages and endothelial
EE]]S i]'l T':'EF'I:JTI.ﬁE o contact “'it]'l ].HI'EI: Lll.'l.ﬂ.ﬂﬁﬁl:g uf
lipopolysaccharide endotoxin. Some Gram positive
infections may also cause similar effects. Staphylo-
coccus aureus can induce TNF secretion by
macrophages and peptidoglycan mediated platelet
aggregation, leading to dissermnated intravascular
EF]IEI.'IJJ['II'DH. STIFh}"]:DEDEEHI E]'ll]:l'l'_'ltL'Lﬁ.ﬂ CAn act as
A super antigen, activating whaole families of T cells

irrespective of their antigen specificities and causing



16R i Textbook of Microblology »

massive release nf'c].rmkim:ﬁ, ]:-.Idi:ng to the toxc OTHIN but their paﬂmgl:nic mechanisms  resemble
shock syndrome. These conditions are not of immune  those in immune inflammation.
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Self-antigens are not ordinarily immunogenic,
Ehrlich (1901) observed that goats produced
antibodies against erythrocytes from other goats but
not against their own, and postulated the concept
of ‘horror autotoxicus’. But he did not regard
autoimmunisation as an impossibility and even
envisaged its pathogenic possibility.

Autoimmunity is a condition in which
structural or functional damage 15 produced by the
action of immunologically competent cells or
antibodies against the normal components of the
body. Autoimmunity literally means ‘protection
against self” but it actually implies ‘injury to self’
and therefore it has been criticised as a contradiction
in terms. ‘Autoallergy’ has been suggested as an
acceptable alternative but the term autoimmunity
has the sanction of wide usage.

The earliest example of autoimmunity was the
observation by Metalnikoff (1900) that guinea pigs
injected with their own spermatozoa produced
sperm immobilising antibodies. Donath and
Landsteiner (1904) identified circulating
autoantibodies in paroxysmal cold hemoglobinuria
—a hemelysin which binds with the patent’s
erythrocytes at low temperatures and produces
complement dependent hemolysis on warming.
This was the first description of an autoimmune
disease in human beings. Dameshek and Schwartz
{1938) established the autoimmune basis of acute
hemolytic anemia. With the discovery of Coombs
test for incomplete antibodies it became possible
to demonstrate globulins bound to the surface of
erythrocytes in this condition. Autoimmunisation
could be induced in experimental animals by

Autoimmunity

injection of self-antigens along with the complete
Freund's adjuvant. The use of sensitive serological
techniques led to the demonstration of
autoantibodies in several diseases and even in a
proportion of healthy individuals. Some
autoantibodies, such as the antiidiotypic antibody
may even be essential for the normal functioning
of the immune system.

When the concept of autoimmunity came to be
accepted as a pathogenic mechanism, a large number
of diseases were suggested to have an autoimmune
etiology, based on the finding of autoantibodies in
the patients. This was soon recognised to be
untenable as autoantibodies could be often
incidental or the result, and not the cause of disease.

Criteria were proposed for proving the
authenticity of putative autoimmune diseases,
similar to Koch's postulates in infectious diseases.
These were found to be not applicable in the case
of such spontaneous and multifactorial conditions
as autoimmune diseases. It may be proper to restrict
the term ‘autoimmune diseases’ to those where
autoimmune processes, humoral or cellular, are
shown to be responsible for the pathogenesis, rather
than merely associated. This is not strictly adhered
to. Moreover, the border between autoimmunity and
hypersensitivity is largely ill-defined or even
nonexistent.

Diseases of autoimmune origin usually exhibit
the following features:

1. An elevated level of immunoglobulins.

2. Demonstrable autoantibodies.

3. Deposition of immunoglobulins or their
derivatives at sites of election, such as renal



170

glomeruli.

4. Accumulation of lymphocytes and plasma cells
at the sites of lesion.

5. Benefit from corticosteroid or other
immunosuppressive therapy.

6. The occurrence of more than one type of

autoimmune lesion in an individual.

A genetic predisposition towards autoimmunity.

Incidence higher among females.

Chronicty. Usually nonreversible.

-

=

MECHANISMS OF AUTOIMMUNISATION

Cells or tissues may undergo antigenic alteration
as a result of physical, chemical or biological
influences. Such altered or ‘necantigens’ may elicit
an immune response. Neoantigens can arise in a
variety of ways. Physical agents such as irradiation
can cause antigenic alteration. Photosensitivity and
cold allergy may represent sensitisation to self-
antigens, altered by hight and cold, I!'I:EI'.ItEti'b"tl}".
Several chemicals, including drugs, can combine
with cells and tissues and alter their antigenic
nature. Contact dermatitis, which is traditionally
considered a type of delayed hypersensitivity, can
also be taken to be an autoimmune response to skin
antigens altered by their combination with chernical
allergens. Drug induced anemias, leucopenias and
thrombocytopenias often have an autoimmune basis.
Infectious microorganisms, particularly viruses and
other intracellular pathogens, may induce alteration
of cell antigens. Viral infections, such as infectious
mononucleosis, are known to often precede
autoimmune diseases, Bactenial enzymes also induce
alteration of cell antigens. Neuraminidases formed
by myxoviruses and many bacteria act on
erythrocytes releasing the T antigen. The almost
umiversal occurrence of T agglutinins in human
sera is believed to represent a harmless autoimmune
response following infections. Neoantigens may also
arise by mutation. Such murant cells may be
IMMuUnogenic.

[Immunological damage may result from
immune responses induced by cross-reacting
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foreign antigens. The fortuitous similarity berween
some foreign and self-antigens is the basis of the
‘cross reacting antigen’ theory of autoimmuniry.
Organ specific antigens are present in several
specics, Injection of heterologous organ specific
antigens may induce an immune response damaging
the particular organ or tissue in the host. An example
15 the neurological imjury that used to be a
complication of antirabic immunisation in human
beings with the neural vaccine of infected sheep
brain tissue partially denatured by treatment with
phenol. Its injection elicits an immune response
against sheep brain antigens., This may cause
damage to the individual's nerve tissue due to the
cross-reaction between human and sheep brain
antigens. Immunological injury due to cross-
reacting antigens can also follow infections.
Streptococcal M proteins and the heart muscle share
antigenic characteristics. The immune response
induced by repeated streptococcal infection can
therefore damage the heart. Nephritogenic strains
of streptococci possess antigens found in the renal
glomeruli. Infection with such strains may lead to
glomerulonephritis due to the antigenic sharing.

A relared type of sutoimmunisation is ‘molecular
mamicry’ which is due to the presence in some
infecting microorganisms and self-antigens, of
epitopes with identical peptide sequences (instead
of similarities in ‘cross-reactions’). Examples of
such homologous sequences are seen in
arthritogenic Shigella flexneri and HLA-B27,
Mycobacterium tuberculosis and joint membranes,
Coxsackie B and myocardium,

Another hypothesis is polyclonal B cell
activation. While an antigen generally activates only
its corresponding B cell, certain stimuli
nonspecifically turn on multiple B cell clones. Such
stimuli include chemicals (for example, 2-
mercaptoethanol), bacterial products (PPD,
lipopolysacchande), enzymes (trypsin), antibiotics
{nystatin) and infections with some bacteria
{mycoplasma), viruses (EB virus) and parasites
(malaria). Multiple nonspecific antibodies form



1 Autoimmunity »

during some infectious diseases, such as antihuman
I:Izr't].'ll'ﬂl::ft: Eﬂ'ld antibudits iI'I m}tupllsml
pneumonia and antisheep erythrocyte antibody in
infectious mononucleosis. These polyclonal
antibodies are IgM in narure, similar to the ‘natural
antibodies’ produced by CD5+ B cells.

Breakdown of immunological homeostasis may
lead to cessation of tolerance and the emergence of
forbidden clones of immunocompetent cells capable
of mounting immune response against self-antigens.
Autoimmunisation may result when tolerance to a
self-antigen is abrogated, as for instance by the
injection of the self-antigen with Freund's adjuvant.

Enhanced helper T cell and decreased
suppressor T cell functions have been suggested as
causes of autoimmunity. Defects in the thymus, in
stem cell development and macrophage function
have also been postulared as causes.

Etftiiﬂ El:lf-i.ntigl:mi are Fr:ﬁtnr in dDECd
systems and are not accessible to the immune
apparatus. These are known as sequestered antigens.
An example is the lens antigen of the eye. The lens
protein is enclosed in its capsule and does not
circulate in the blood. Hence immunological
tolerance against this antigen is not established
during fetal life. When the antigen leaks out,
fﬂl'[nmng penetrating injury, it may induce an
immune response causing damage to the lens of
the other eye. An example of ‘sequestration in time'
1s seen with sperm antigens. As spermatozoa
develop only with puberty, the antigen cannot
induce tolerance during fetal life. The sperm antigen
15 therefore not recognised as self and when it enters
the circulation, it is immunogenic. This is believed
to be the pathogenesis of orchitis following mumps.
The virus damages the basement membrane of
seminiferous tubules leading to the leakage of
sperms and initiation of an immune response
resulting in orchitis.

Diefects in the idiotype—antiidiotype network
have also been said to lead to autoimmunity.
Genetic factors such as defective Ir or

immunoglobulin genes have also been postulated.
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In human autoimmune diseases and in animal
models, gcnl:ﬁc tactors app to mnfluence the
development and fate of autoimmune states. In spite
of 5o many different possible mechanisms proposed,
their acrual role in autoimmunicy, if any, has not
been established.

Moany animal models of spontaneous and induced
autoimmunity have contributed to an understanding
of this condition. Examples of spontaneous
autoimmune diseases in animals are autoimmune
hemolytic anemia in the New Zealand Black
(NZB) mouse strain, systemic lupus erythematosus
in NZB X NZW cross, insulin dependent diabetes
mellitus in the nonobese diabetic (NOD) mouse,
and thyroiditis in the obese strain (O8) chicken.
Experimentally, autoimmunity can be induced in
many animal species by injecting tissue extracts in
the complete Freund's adjuvant—for example,
experimental allergic encephalomyelitis with brain
or spinal cord extracts, and thyroiditis with thyroid
gland extract.

CLASSIFICATION OF AUTOIMMUNE DISEASES

Based on the site of involvement and nature of
lesions, autoimmune diseases may be classified as

hemocytolytic, localised (or organ specific), systemic
(or nonorgan specific), and transitory diseases.

Car

HEMOCYTOLYTIC AUTOIMMUNE
DisEASES

Autoimmune hemolvtic anemias:
Autoantibodies against erythrocytes are
demonstrable in this condition. Serologically, two
groups of autoimmune anemias can be
distinguished, characterised by ‘cold’ and ‘warm’
antibodies, respectively.

The cold autoantibodies are, generally, complete
and agghutinate erythrocytes at 4 "C but not at 37 °C.
Cold agglutinins were first detected by Donath and
Landsteiner in paroxysmal cold hemoglobinuria.
This condition, which used to frequently
accompany syphilitic infection, is seldom seen
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nowadays. Cold agglutinins are also seen in primary
atypical pneumonia, trypanosomiasis and blackwater
fever.

Warm autcantibodies are generally inco mplctc,
nonagglutinating antibodies usually belonging to
the IgG class. They can be shown coating the
erythrocytes in the direct Coombs test. Warm
antierythrocyte antibodies are frequently seen in
patients taking certain drugs such as sulphonamides,
antibiotics, and alpha methyl dopa.

In autoimmune anemias, the red cells coated

with antibodies are prematurely destroyed in the
spleen and liver. Complement dependent
intravascular hemolysis appears to be a rare event.
Autoimmune thrombocvtopenia:
Autoantibodies directed against platelets occur in
idiopathic thrombocytopenic purpura. Sedormid
purpura is an instance of immune response against
drug induced necoantigens on platelets. This
condition is traditionally considered an antibody
mediated hypersensitivity.
Autoimmune leucopenia: Nonagglutinating
antileucocyte antibodies can be demonstrated in the
serum of patients with systemic lupus
:ryrh:mal:mus and rheumatoid arthntis,

LoCALISED ((QRGAN SPECIFIC)
AUTOIMMUNE LIMSEASES
Autoimmune diseases of the thvroid

gland

1. Hashimoto's disease { Lymphadenoid
goitre): This is the most T_}'Pil:a.] and best
studied of organ-specific autoimmune diseases.
In 1956, Roitt and Doniach in England
demonstrated antithyroglobulin antibodies in
the sera of patients by precipitation in gel, and
Witebsky and Rose in the USA by the more
sensitive passive hemagglutination test. The
latter workers also reproduced the discase in
rabbits by immunisation with autologous thyroid
tissue obtained by hemithyroidectomy.
Hashimoto's disease occurs more frequently in

females and is associated with an enlargement of
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the thyroid gland and symptoms of hypothyroidism

or frank myxedema. Histologically, the glandular

structure is replaced by lymphoid tissue consisting
of lymphocytes, histiocytes and plasma cells.

Antibodies with different specificities have been

found in this condition. They include antibodies

that react with thyreglobulin, a second acinar
colloid, microsomal antigen and a thyroid cell
surface component.

2. Thyrotoxicosis (Graves' disease): The
majority of patients with thyrotoxicosis possess
antibody to thyroglobulin. Lymphocytic
infiltration is common in thyrotoxic glands. The
immunological basis of thyrotoxicosis is
supported by the identification of the “long
acting thyroid stimulator’ (LATS) which is an
g antibody to the thyroid membrane antigen.
Combination of LATS with the surface
membrane of thyroid cells scems to stmulate
excessive hormoene secretion.

Addison's disease: The immunological basis
of Addison’s disease is suggested by lymphocytic
infiltration of the adrenal glands and the presence
of circulating antibodies directed against the cells
of the zona glomerulosa. Similar lesions can be
produced in experimental animals by immunisation
with adrenal tissue in Freund's adjuvant.

Autoimmune orchitis: Expenmental allergic

orchitis with progressive damage to germinal

epithelium and aspermatogenesis can be induced
in guinea pigs by the injection of autogenous or
allogeneic testes with Freund'’s adjuvant. A similar
condition sometimes follows mumps orchitis.

Lymphocytic infiltration of the testes and

circulating antibodies to the sperms and germinal

cells can be demonstrated in this condition.

Myasthenia gravis: In this disease, there is

an abnormal fatiguability of muscles due to

malfunction of the myoneural junction. An antibody
against acetyl cheline receptor on myoneural
junctions of striated muscles is present in these
patients. This prevents acetyl choline from
combining with its receptor, and impairs muscular
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contraction. The thymus shows lymphoid
hyperplasia and numerous germinal centres. Infants
born to affected mothers show symptoms of the
disease but recover spontaneously by the age of two
months, coinciding with the disappearance of
maternal antibodies. This suggests that the
pathogenic factor in neonatal myasthenia may be
the autoantibody passively acquired from the
mother.

Autoimmune diseases of the eve: Two
types of autoimmune discases are seen in the eye.
Cataract surgery sometimes leads to intraocular
inflammation caused by the autoimmune response
to the lens protein. This is known as
phacoanaphylaxis.

Perforating injuries of the eye, particularly those
involving the iris or ciliary bodies are often followed
by sympachetic ophthalmia in the opposite eye. The
disease can be produced in experimental animals
by immunisation with uveal or retinal tissue in
Freund's adjuvant and can be passively transferred
with the spleen or lymph node cells bur not with
serum.

Pernicious anemia: Two types of
autoantibodies are present in this condition. The
first i1s directed against the parietal cells of the
gastric mucosa. Lhis is believed to cause
achlorhydria and atrophic gastritis. The second type
of antibody is directed against the intrinsic factor
and prevents absorption of vitamin B | either by
blocking its attachment to the gastric intrinsic factor
or by binding to the B, intrinsic factor complex
and interfering with its uptake by the intestinal
MuUCosd.

Autoommune diseases of the nervous
system: The ‘neuroparalytic accidents’ following
rabies vaccination represent injury to the nervous
system by the immune response against the sheep
nervous tissue in the vaccine, which cross reacts
with human nerve tissue. An essentially similar
condition, experimental allergic encephalomyelinis
(EAE), can be produced in animals by
immunisation with nervous tissue in Freund's
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adjuvant. The encephalogenic protein has been
identified as the myelin basic protein (MBP) which
shows no species specificity.

Idiopathic polyneuritis (Guillain-Barre
syndrome) is considered an autoimmune response
against the peripheral nervous tissue. It can be
reproduced in experimental animals by
immunisation with peripheral nervous tissue in an
v
Autoimmune diseases of the skin: Three
serious  diseases of the skin are considered to
have an -autoimmune basis. Pemphigus vulgans
may be caused by an antibody to the intercellular
cement substance. In bullous pemphigoid,
antibodies directed against the dermal epithelial
junction have been demonstrated. Specific
antibodies in dermatitis herpetiformis have not been
identified.

SyYsTEMIC (NONORGAN SPECIFIC)
AUuToIMMUNE DISEASES

This group includes conditions characterised by
immune response against a variety of self-antigens
and damage to several organs and nssue systems.
Klemperer (1942) classified a number of diseases
of unknown origin with the common feature of
connective tissue lesions as ‘collagen diseases’,
Included in this category are systemic lupus
erythematosus (SLE), rheumatoid arthritis,
polyarteritis nodosa, Sjogren’s syndrome,
dermatomyositis and scleroderma, All these
conditions are associated with generalised
autolmmune processes.

Systemie lupus eryvthematosus: This is a
chronic, multisystem disease with remissions and
exacerbations, terminating fatally. Patients have a
variety of autoantibodies directed against cell nuelei,
intracytoplasmic cell constituents, immuno
globulins, thyroid and other organ specific antigens.
Biological false positive reaction is seen in standard
tests for syphilis. The abundance and variety of
autoantibodies suggest a breakdown in the central
control of immunological homeostasis,
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The first immunological feature identified in
SLE was the LE cell phenomenon deseribed in
1948. The LE cell is a neutrophil containing a
large, pale, homogeneous body (LE body) almost
filling the cytoplasm. The LE body 15 the
immunologically damaged nucleus of a leucocyte.
Sometimes, instead of being intracellular, the LE
body can be seen free, surrounded by a rosette of
I.'IEllTI'ﬂPi'.Iil!'i. T‘]'I.‘I: ﬂ:l.li.'t t]'lﬂt LE ‘L'l:" 'E:]]'I'I'.Iﬂ.tiﬂ}ﬂ 'i.!'i d.'LH:
to an antibody (LE factor) present in SLE can be
demonstrated by incubating normal blood with
serum from an SLE patient. The nuclei of some
J.E'..ICL'I‘L"_‘II'tI:E [ 14 I:":' seen o FW'C].'. J.I'.ICI. bl:l:l.'.lml: Fﬂlﬂ
and spherical. Neutrophils can be observed to
surround these damaged cells, strip away the
cytoplasm and engulf the free nucleus to form LE
cells. Giemsa stained smears of blood or bone
marrow can demonstrate LE cells, but its sensitivity
1 50 low that this test has been replaced by other
antibody tests for diagnosis.

Immunecfluorescent tests for antinuclear
antibody {ANA) show up different partterns of
staining, such as homogeneous (diffuse), peripheral
{outline}, speckled and nucleolar staining parterns.
ANA tests are sensitive but not specific for SLE,
as they may be positive in many other autoimmune
conditions, viral infections, chronic inflammartory
processes, as well as in persons using certain
medicines and in the aged.

Anti-DNA antibodies are tested by RIA or
ELISA. Three major types of these antibodies are
seen—those reacting with single stranded (ss),
double stranded (ds) and both ss and ds DNA. Of
these, high titre anti-ds DNA antibody is relatively
specific for 3LE. Another SLE specific antibody
15 anfi-sm antibody.

Rheumatoid arthritis: This is a symmetric
polyarthritis with muscle wasting and subcutaneous
nodules, commonly associated with serositis,
myocarditis, vasculitis and other disseminated
lesions. It is found more commonly in women. The
synovial membranes of the affected joints are swollen
and edematous, with dense infiltration of
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lymphocytes and plasma cells. A striking feature is
the presence of a circulating auroantibody called
the ‘Rheumatoid factor’ (RF). This is usually a 19s
IgM, though 1gG, and IgA RF have also been
demonstrated, RF acts as an antil'md}r :a.gainst the
Fc fragment of immunoglobulins. They combine
usually with IglG though some types of RF are
directed towards other immunoglobulin classes. RF
reacts with autologous, isologous or heterologous
immunoglobulins, RF is generally considered to
be an immunoglobulin behaving as antibody to
determinants present in the pa'n':nt'.r. oW ]E;G
molecules, rhnugh SOITE cnnﬁgumtinnﬂ.l alteration
of IgG may be required before its reactivity with
RF becomes demonstrable.

RF is detected by agglutination tests using, as
antigens, particles coated with globulins. In the
Rose~Whaaler test, the uriginal t:chniqu: for
detection of RF, sheep erythrocytes coated with a
subagglutinating dose of antierythrocyte antibody
{amboceptor) are used as the antigen in an
agglutination test. In modifications of the test, latex
and bentonite are used as the carrier particles for
lgs. Antinuclear antibodies are frequently found
in rheumatoid arthritis,

FPolyarteritis nodosa: This is a necrotising
angiitis involving medium sized arteries, ending
fatally due to coronary thrombosis, cerebral
hemorrhage or gastrointestinal bleeding.
Polyarteritis is seen as a component of serum
sickness and other toxic complex diseases. Immune
complexes of hepatitis B virus antigen (Fbs Ag) in
affected tissues, including the lkidneys, have been
demonstrated in 30-40 per cent of patients, Though
it has been suggested that polyarteritis nodosa may
be an autoimmune disease, the autcantibody
responsible has not been identified.

Sjogren svodrome: This is a rriad of
conjunctivitis sicca, dryness of the mouth, with or
without salivary gland enlargement, and rheumatoid
arthritis. The syndrome may ocour in association with
other collagen diseases. Antinuclear antibodies and
rheumatosd factor commonly occur in sera.
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TRANSITORY AUTOIMMUNE PROCESSES

These include conditions such as anemia,
thrombocytopenia or nephritis that follow certain
infections or drug therapy. The infecting agent or
drug induces antigenic alteration in some self-
5. The immune response set up causes tissue
damage. The disease is transient and undergoes
spontaneous cure when the infection is controlled
or the drug withdrawn.

:.'nl:iEt‘.n

PATHOGENESIS OF AUTOIMMUNE DISEASE

Many diseases are considered to be of autoimmune
origin, based on their association with cellular or
humoral immune responses against self-antigens.
Autoantibodies are more easily detected than cellular
autosensitisation. However, the mere presence of
autoantibodies during the course of a disease does
not prove their etiological role. Autoantibody
formation may be a result of tissue injury and the
antibody may help in promoting immune
elimination of the damaged cell or tissue elements.
A typical example is lepromatous leprosy in which
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large amounts of autoantibodies are regularly found.
It has been said that but for the lepra bacillus,
lepromatous leprosy may have been proposed as an
autoimmune disease.

The relative importance of humoral and cellular
immune processes in the etiology of autoimmune
diseases is not known. Antibodies may cause damage
by the cytolytic or cytotoxic (type 2) and toxic
complex (type 3) reactions. They are obviously
important in hemocytolytic autoimmune diseases.
Another mechanism of autoimmune tissue damage
is by sensitised T lymphocytes (type 4 reaction). It
15 likely that humoral and cellular immune
responses may act synergistically in the production
of some autoimmune diseases. For example,
experimental orchitis can be induced only when
both types of immune responses are operative.

Once initiated, most autoimmune responses tend
to be self perpetuating, Their progress can be
arrested by immunosuppressive therapy, though the
degree of response to such therapy varies in different
diseases.

Further Reading
Weir DM and | Stewart 1997. Immunology. 8 edn. Edinburgh: Churchill Livingstone.

Peakman M and D Ve
Raoitt I er al. 1998. Immunology. 5* edn. London: Mosby.

rgani 1997, Basic and Clinical Immunology. Edinburgh: Churchill Livingstone.



Immunology of Transplantation and

Malignancy

IMMUNOLOGY OF TRANSPLANTATION

When, as a result of disease or injury, an organ or
tissue becomes irreparably damaged, or when an
organ is congenitally defective or absent,
transplantation or grafting becomes necessary for
the restoration of function. The tissue or organ
transplanted is known as the transplant or graft.
The individual from whom the transplant 1s
obtained is known as the donor and the individual
to whom it is applied, the recipient.

Transplantation is one of mankind’s ancient
dreams. Chimeras, fanciful creatures composed of
parts from different species, figure in the mythology
and pantheon of all ancient nations. Such
transplantations across the species barrier, however,
do not succeed. It was recognised very early that
transplants survive only when the tissue or organ
is taken from the recipient himself, while grafts
from another individual of the same species or from
a different species would be rejected. The earliest
application of transplantation appears to have been
skin grafting for reconstruction of the severed nose,
using the patient’s own skan flaps — a technique
described in the Sushruta Samhita (circa 800 BC).

The reasons for the rejection of exogenous grafts
were for long suspected to be due to active immunity
but it was only in the 1940s that the work of
Medawar and his colleagues conclusively proved
its immunological basis.

CLASSIFICATION OF TRANSPLANTS

Transplants may be classified in various ways:
1. Based on the Organ or tissLe t[l!.l'lFPIll‘l‘l:ﬁ:l, I‘:ht]l'
are classified as kidney, heart, skin transplant,

and so on.

Based on the anatomical site of origin of the
transplant and the site of its placement, grafts
are classified as ‘orthotopic’ and ‘heterotopic’
Orthotopic grafts are applied in anatomically
‘normal’ sites, as in skin grafts. Heterotopic grafts
are placed in anatormcally “abnormal’ sites, as
when thyroid tissue is transplanted in a
subcutaneous pocket.

Transplants may be of fresh tissues and organs
or of stored ones.

, Tram-pl:nrs may be crfli-u-i.ng or dead materials.

Live grafts, such as kidney or heart, are expected
to survive and function physiologically in the
recipient and are called *vital grafes’. Nonliving
transplants like bone or artery merely provide a
scaffolding on which new tissue 1s laid by the
recipient. They are called ‘static” or ‘structural’

. Transplants may be classified based on the

genetic (and antigenic) relationship between the
donor and the recipient (Table 20.1). An organ
or tissue taken from an individual and grafred
on himself is an autograft. A graft taken from
an individual and placed on another individual
of the same genetic constitution is called an
sograft. Grafts made between identical twins
or between syngeneic members of highly inbred
strains of animals are examples of isografts.
Grafts between two genetically nonidentical
members of the same species are called allografts
(formerly called homografts). Grafts between

members of different species are called

xenografts (formerly called heterografis).
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THE ALLOGRAFT REACTION

When a skin graft from an animal (such as a rabbir)
is applied on a genetically unrelated animal of the
same species, the graft appears to be accepted
initially. The graft is vascularised and seems
morphologically and functionally healthy during
the first two or three days. However, by about the
fourth day, inflaimmation becomes evident and the
graft is invaded by lymphocytes and macrophages.
The blood vessels within the graft are occluded by
thrombi, the vascularity diminishes and the graft
undergoes ischemic necrosis. With extending
necrosis, the graft assumes a scab-like appearance
and sloughs off by the tenth day. This sequence of
events resulting in the rejection of the allograft is
known as the first ser response (also known as the
‘first set rejection or reaction’).

If, in an animal which has rejected a graft by
the first set response, another graft from the same
donor is applied, it will be rejected in an accelerated
fashion, Vascularisation commences but is soon
interrupted by the inflammarory response. Necrosis
sets in early and the graft sloughs off by the sixth
day. The accelerated allograft rejection is known as
the second set response.

Mechanism of allograft rejection: The
immunological basis of graft rejection is evident
trom the specificity of the second set response.
Accelerated rejection is seen only if the second graft
is from the same donor as the first. Application of
a Ekiﬂ E'TE.FE El.'ﬂm Eﬂﬂthtr I:!ﬂ'ﬂﬂ'l' 'W'i.u ﬂ'ﬂkﬂ ‘Dl'.ll}r
the first set response,

Table 20.1 Terminology of grafis
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An allograft will be accepted if the animal is
rendered immunologically tolerant. 1f suitable lving
cells (such as splenic cells) from one pure line strain
of animal are injected into fetal or neonatal animals
of another inbred strain, the latter, when they grow
up, will accept grafts from the former animal. This
is due to the induction of specific immunological
tolerance against the donor tissues as a result of
contact with them during embryonic life. The
tolerance can be abolished by injecting lymphocytes
from a nontolerant syngeneic animal, or more
cffectively, from a syngeneic animal sensitised
against the donor tissues by a prior
allotransplantation. This method of transferring
'meunit}' b}' means of |:|.rmph::|i-|:| cells 1s known as
adoptive immunisation.

Transplantation immunity is predominantly cell
mediated. The first set response is brought about
almost exclusively by T lymphocytes. Humoral
antibodies are also produced during allograft
rejection. They can be detected by a variery of
methods  including  hemagglutination,
lymphocytotoxicity, complement fixation and
immunofluorescence. Antibodies are formed more
rapidly and abundantly during a second set response
than durlng prim:r}r n:j:ctiun. Antibodies are
believed to participate in the second set response
along with cell mediated immunity. When a graft
15 applied to an animal possessing the specific
antibodies in high titres, hyperacute rejection takes
place. The graft remains pale and is rejected within
hours without even an attempt at vascularisation.

Denor Name Synenyms

Self Autograft Autogenous or autogenic graft.
Different individual, genetically identical Isografe Isologous or syngeneic graft or
with recipient. Identical twin or member of syngraft

same inbred strain

Genetically unrelated member of same Allograft Allogeneic graft. Formerly called
Species homograft

Different species Xenograft Xenogeneic. Formerly called

h:tl;mgmft_ _
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This is known as the ‘white graft response’. This
type of hyperacute rejection is sometimes seen in
human recipients of kidney transplants, who may
possess preexisting antibody as a result of prior
transplantation, transfusion or pregnancy. The
glomeruli in such cases are choked by platelet and
leucocyte agglomerates. Donor specific blood
transfusions to recipients before kidney transplants
have been found to favour graft survival. This may
I'.h'.' dIJE L] t!'LE EH].'IE.HL'i.I'lE Eﬂ'-El:f' ﬂI'- E.I'.I.tIIIJDLIiEE- Tin
mismarched donor antigens, induced by the
transtusion.

Humoral antibodies may somenmes act in
opposition to cell mediated immunity, by inhibiting
graft . rejection. This phenomenon, called
immunelogical enhancement was originally
described by Kahss in tumour transplants. If the
recipient is pretreated with one or more injections
of killed donor tissue and the transplant applied
subsequently, it survives much longer than in
control animals. The enhancing effect can be
passively transferred to normal animals by an
injection of serum from immunised animals,
showing that the effect is due to humoral antibodies.
The antibodies may bring about the enhancing effect
in various ways. They may combine with the
antigens released from the graft so thar they are
unable to initiare an immune response (afferent
nhibition). The antibodies may combine with the
lymphoid cells of ap
negative teedback influence, render them in::ap:h]c
of responding to the antigens of the graft {central
inhibition). They may also cause ‘efferent
inhibition’ by coating the surface of cells in the
graft so that sensitised lymphocytes are kept out of
contact with them.

Allograft immunity is a generalised response
directed against all the antigens of the donor. A
rl:l:'lp-i:nt sensitised b}' a skin graﬁ wall H:jl::t h}-' the
second set response not only another skin graft but

also any other organ or tissue graft from the same
donor.

propriate specificity and, by a
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HisTiCoMPATIBILITY ANTIGEMNS

Immune response against transplants depends on
the presence in the grafted tissue of andgens that
are absent in the recipient and hence recognised
as foreign. It follows, therefore, that if the
recipient possesses all the antigens present in the
g‘r:ft, there will be no immune response, and
consequently no graft rejection, even when the
dﬂﬂ(]‘l’ Hﬂd TEL_]].'IIIE]‘LE are not FJ'TI.EEHC]I.‘E. T1'.|.E Fll'ﬁ-t
generation (F1) hybrids between two inbred
strains possess anfigens representative of both the
parent strains and will therefore accept grafts from
either of the parental strains, 1f the two parental
strains have genotypes AA and BB, respectively,
the F1 hybrid will be of genotype AB. It can
therefore accept tissues with genotype AA aswell
as BB, as it possesses both alleles. Transplantation
in the reverse direction (from F1 to parent) will
not succeed as strain AA will react against antigen
B and strain BB against antigen A.

While transplants between members of a
highly inbred strain of animals are successful, an
exception s seen when the donor is 3 male and
the recipient a female. Such grafts are rejected as
the grafted male tissue (XY) will have antigens
determined by the Y chromosome which will be
absent in the female {XX) recipient. Grafts from
the female to the male will succeed. This
unilateral sex linked histoincompatibility is known
as the Eichwald-Silmser effect.

Anmigens that participate in graft rejection are
called transplantation or histocompatibility
antigens. The blood group antigens are important
in  transplantation. The term ‘major
histocompatibility system’ refers to a system of
cell antigens that exert a decisive influence on
the fate of allografts. Major histocompatibility
systems have been identified in different species
— H2 in mice, AgB in rats, B in chickens, H1 in
rabbits and DLA in dogs. The major
histocompatibility system in human beings is the
human leucocyte antigen (HLA) system. A
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description of the HLA system is presented in
Chapter 15.

FacTors FAVOURING ALLOGRAFT
SURVIVAL
1. Next to ABO blood group compatibiliry, the most
important factor in t survival is HLA
compatibility. This is tested by HLA typing and
tissue matching. HLA typing identifies the

HLA antigens expressed on the surface of

leucocytes.

The standard typing method is the microcyto
toxicity test. Lymphocyte suspensions are added to
microwells of tissue typing trays predispensed with
a panel of HLA typing sera, each containing
alloantibodies to a specific HLA antigen, and
incubated with complement. Cells carrying antigens
corresponding to the HLA antiserum are killed by
complement mediated membrane damage. These
can be detected b}rth: addition of eosin or trypan
blue which stains only dead cells. The lymphocyte
is presumed to have HLA antigens corresponding
to the specificities of all the antisera that have
caused cell death, as indicated by the staining.

Antisera for HLA typing were originally
obtained from multigravidae, placental fluid and
from multiple blood transfusion recipients, who
have antibodies against mismatched paternal or
donor HLA antigens. These are now being replaced
by monoclonal antibodies.

More disciminating molecular methods have
been developed for tissue typing. These include
restriction fragment length polymorphism (RFLP)
with southern blotting, and polymerase chain
reaction (PCR) amplification using sequence
specific primers.

Once a set of HLA compatible donors is
available (commonly, siblings of the patient), the
best donors among them can be chosen by tissue
matching. This is done by the mixed lymphocyte
reaction or culture (MLE, MLC). It depends on

the fact that T lymphocytes in culture, when exposed
to HLA incompatible antigens, will undergo blast
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transformation, the intensity of the reaction being
a measure of the antigenic dispanty between the
donor and recipient lymphocytes. The test, as
performed, is a one-way test in which the donor
lymphocytes are killed and only the recipient
lymphocytes are permitted to be transformed in
response to the incompatible antigens on the donor
cells.

2. As allograft rejection is an immunological
process, immunosuppression will inhibit it. This
can be achieved in experimental amimals by
neonatal thymectomy, chronic lymphatic
drainage or administration of ALS—procedures
that will inhibit cell mediated immunity.
Clinical transplantation employs a combination
of immunosuppressive drugs, including steroids,
azathioprene and the fungal metabolite
cyclosporin A, which is currently the most
effective agent.

3. There appear to be certain privileged sites where
allografts are permitted to survive, safe from
immunological attack. The fetus can be
considered an intrauterine allograft as it contains
antigens which are foreign to the mother. The
reason why the fetus is exempt from rejection is
not clear, though many explanations have been
offered. The placenta acts as an immunological
barrier by generating a hormone which is locally
immunosuppressive. Major histocompatibility
complex (MHC) antigens are present only in
low density on trophoblastic cells and the cell
membranes are relatively resistant to attack by
T or K cells. Antigen shedding by the fetus
blocks the aggressive T cells or antbodies by
an enhancement effect. An incomplete
mucopolysaccharide barrier rich in sialic acid
surrounds the trophoblastic cells, protecting
them from cytotoxic lymphocytes. The high
concentration of alphafetoprotein in fetal blood
also may be a factor, as it has immunosuppressive
properties, which may protect the fetus against
immunological damage from any maternal
leucocytes entering fetal circulation.
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Any site that s impenetrable to
immunocompetent cells (for example, cartilage) is
an immunologically privileged site. Areas where a
lymphatic drainage system is absent such as brain,
hamster cheek pouch or ineffective such as testes
can accept allografts without rejection. Lack of
vascularity at the site also prevents graft rejection.
This is the reason for the success of corneal
transplants.

GrAarFT-VERsUs-HosT REACTION

Graft rejection is due to the reaction of the host to

the grafted tissue (host-versus-graft response). The

contrary situation, in which the graﬁ: mounts an
immune response against the antigens of the host,
is known as the graft-versus-host (GVH) reaction.

The GVH reaction occurs when the following
conditions are present:

1. The graft contains immunocompetent T cells.

2. The recipient possesses transplantation antigens
that are absent in the graft.

3. The recipient must not reject the graft.

Examples of situations leading to the GVH reaction

are:

- ;‘-‘L"ugrnﬁ il'.l. d I'El.'ip'llfﬂt IITI Whum Epfciﬁt
immunological tolerance has been induced.

b. Adult lymphocytes injected into an
immunologically deficient recipient. The
immunological deficiency may be due to
inmaturity (newborn) or UMM UNOSUPPression.

. F, hybrid receiving a transplant from any one
parental strain.

The major clinical features of the GVH reaction

in animals are retardation of growth, emaciation,

diarrhea, hepatosplenomegaly, lymphoid atrophy
and anemia, terminating fatally. The syndrome has
been called runt disease.

IMMUNOLOGY OF MALIGNANCY

When a cell undergoes malignant transformation, it
acquires new surface antigens, It may also lose some
normal antigens. This makes a tumour antigenically
different from the normal tissues of the host. A tumour
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can, therefore, be considered an allograft and be
expected to induce an immune response.

CrinicaL EviDeEsce ofF IMMUNE
REsPONSE IN MaLlGNANCY
Several clinical observations indicate the presence
of an immune response that prevents, arrests and

occasionally cures malignancies.

1. Instances of spontaneous regression of established
tumours have been reported, especially with
neuroblastoma and malignant melanoma. On
the analogy of the role played by the immune
response in recovery from infections, it is
believed that recovery from malignancy also may
Tepresent an IMMUng process.

2. Dramatic cures sometimes follow chemotherapy
of choriocarcinoma and Burkitt's lymphoma.
Even a single dose of cytotoxic drug may, on
occasion, result in a complete cure. Again, in
some types of tumours, such as hypermephroma
with pulmonary metastases, removal of the
primary tumour often leads to a regression of
the metastases. These observations suggest that
once a large mass of tumour has been removed,
mopping up operations can be effected by the
immune process. T he immune response appears
to be effective only when the tumour is below a
‘critical mass’.

3. There is a higher prevalence of certain types of
cancers observed unexpectedly at autopsy, than

their clinical incidence would suggest. This
indicates that the immune system is able to deal
with malignant cells as they arise and that only
some of them are able to overcome the defence
mechanisms and develop into clinical cancer.

4. Histological evidence of immune response
against malignancy is provided by the presence
I':lf |}'TnP|!qu|l'tl:5, a EI:I.I.E- ﬂ.l'.ld macn;rph
infiltrating tumours. The cellular response
resembles that seen in the aft reaction.
Tumours showing such cellular infiltration have
a better prognosis than those that do not.

5. If the immune system plays a natural role in
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preventing tumour development, a high
incidence of malignancy should be expected in
immune deficiency states. This is indeed so. An
increased incidence of cancer, particularl}r
lymphoreticular malignancies, is found in
congenital immunodeficiency states, in AIDS
and in patients undergoing chronic
Immunosuppressive therapy.,

TUMOUR ANTIGENS

Tumour antigens are antigens that are present in
malignant cells but absent in the corresponding
normal cells of the host.

Tumour specific antigens are present on the
membranes of malignant cells and induce an
immune response when the tumour is transplanted
in syngeneic animals, Such umour specific antigens
which induce rejection of tumour transplants in
immunised hosts are termed rumour specific
transplantation antigens (T5TA) or tumour
associated transplantation antigens {TATA).

In chemically induced tumours, the TSTA is
tumour specific. Different tumours possess different
TETA, even ‘thuugh induced 1':_',' the same
carcinogen. In contrast, the TSTA of virus induced
tumours is virus specific in that all tumours
produced by one virus will possess the same antigen,
even if the tumours occur in different animal strains
Of Species.

A second type of antigen is found in some
tumours, These are the fetal antigens which are
found in embryonic and mulgnant cells but not in
normal adult cells. The best known examples are
alphafetoprotein in  hepatomas and the
carcinoembryonic antigen found in colome cancers.
Their synthesis represents a dedifferentiation of
malignant cells into more primitive forms.

The carcinoembryonic antigen s a glycoprotein
which can be detected in the serom of many patients
with carcinoma of the colon, particularly in the
presence of metastases. However, it also appears in
some other conditions such as alcoholic cirrhosis,
and hence its diagnostic value is limited.
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Alphafetoprotein is an alphaglobulin secreted by
normal embryonic hepatocytes. Its serum level drops
sharply after birth and is hardly detectable in adults.
High levels are present in hepatic carcinoma, in
which condition it is of diagnostic value. Prostate-
E]:rﬁ‘_'lﬁ:: a.n:igtn (PSA) has been used as a dignnrsric
indicator for prostate cancer.

Ivmune REsronsE I8 ManicnaNncy

Both humoral and cellular responses can be
demonstrated in malignancy. Anti-TSTA antibodies
can be demonstrated by indirect membrane
immunofluorescence. Dielayed hypersensitivity 1o
turnour antigens can be detected by skin testing with
rumour cell extracts. Cell mediated immunity can
be demonstrated by the stimulation of DNA
synthesis and lymphokine production by the
patient’s leucocytes on exposure to the tumour
antigens. The lymphocytes from the patients are
cytotoxic to the cultured tumour cells.

Cell mediated immunity is believed to be the -
mechanism of host defence against malignancy. The
humoral response may not be relevant, or may even
be detrimental due to its facilitating tumour growth
by the process of enhancement.

IMMUNDLOGICAL SURVEILLANCE

The concept of immunological surveillance had its
beginning in the observations of Ehrlich (1906).
It was revived by Lewis Thomas in the 1950s and
developed by Burnet. It postulates that the primary
function of cell mediated ummunity 15 o ‘seck and
destroy” malignant cells that arise by somatic
mutation. Such malignant mutations are believed
to occur frequently and would develop into tumours
but for the constant vigilance of the immune system.
Inefficiency of the surveillance mechanism, either
as a result of ageing or in congenital or acquired
immunodeficiencies, leads to an increased incidence
of cancer. While this hypothesis is attractive, it may
perhaps represent an oversimplification of a
complex situation.

If immunological surveillance is effective, cancer
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should not occur. The development of tumours
represents a lapse in surveillance. The mechanisms
of such lapses are not clear but several possibilities
have been sugpested. Diue to the very fast rate of
pmlif‘:mﬁnn of m:l]i_gnmt cells, th:}' may be ahle
to ‘sneak through' before the development of an
effective immune response and once they reach a
l.'E!"TH.I!EI TS s TI'.IH.J." 1:":' b:}'und T]'I.l." Fuw:r IIJ"-
immunological artack. Circulating umour antigens
may act as a ‘smokescreen’, coating the lymphoid
cells and preventing them from acting on the
tumour cells. The mmour antigens on malignant
cells may be inaccessible to sensitised cells, being
covered by some antigenically neutral substance.
Humoral antibodies may cause immunological
enhancement. ‘Blocking” activity has been
demonstrated in humoral factors. This may be due
to the ::ir:ulating antigen, antihud}r or antigen—
antibody complexes. Some tumours may be of low
immunogenicity or may form cytokines like
transforming growth factor § (TGF-B) which
suppresses cell mediated immunity.

IMMUNOTHERAPY OF {CANCER

Different approaches have been arempted in the
imrﬂum:thﬂrup}r of tum::r—paﬁsiw:, active and
adnptiw: immunnthl:rapy, 51'::ciﬁc and nnnsl'hm:iﬁc-

Passive immunotherapy was the earliest method
of cancer immunotherapy. Antisera prepared by
immunising animals with tumour biopsy specimens
were used for the treatment of human cancer as
carly as in 1895, This method was found to be of
no use and therefore abandoned. A special type of
serotherapy has recently been found beneficial in
experimental tumours, Appropriate antisera that
possess ‘deblocking’ activity in vitro have been found
0 Calse rl:gn:sx»iun aof tumours, appan:ntl}r |;|:.-'
neutralising the circulating tumour antigens and
permitting the sensitised lymphocytes to act on
tumour cells. Monoclonal antibodies to tumour
antigens may play a role as carriers in transporting
cytotoxic or radioactive drugs specifically to the
tumour cells,
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Specific active immunotherapy by the injection
of tumour cell “vaccines’ was tried early in last
century bur was given up as unprofitable. The
method has been modified recently by using purified
wmour cell membrane antigens and mmour cells
treated with neuraminidase to increase their
immunogenic potential.

Nonspecific active immunotherapy employs
BCG and nonliving Corynebacterium parvum,
Mathe, the leading proponent of cancer
immunotherapy, has reported very good results in
acute leukemia, fn“mﬁng combined trearment with
BCG and allogeneic or autochthonous leukemia
blast cells. Intralesional BCG in malignant
melanoma has been reported to induce complete
remigsion in a high percentage of patients. It has
also been wsed against intradermal recurrence of
breast  cancer following mastectomy.
Dinitrochlorobenzene has been tried in the
treatment of squamous and basal cell carcinoma of
the skin. Glucan, a pyran copolymer derived from
microorganisms, and levamisole, originally
mntroduced as an anthelmintic, have been tried for
stimulating cell mediated immunity and
macrophage functions. Interferons have been
employed in the treatment of leukemias,

Specific adoptive immunotherapy has been
attempted with lymphocytes, transfer factor and
‘immune RNA'. The donors have been persons who
hﬂ.‘i‘f b".".f‘l'l C'u.['ﬂd Cl-f th:ir ]'IEIJF'].'HSI'I.'IE Or HFECIIFII'.'.IH}'
immunised against the patient’s tumour.
Lymphokine activated killer (LAK) cells obtained
by treatment of the natural killer cells with
interleukin-2 have been found useful in the treatment
of certain malignancies, such as renal carcinomas,

Immunotherapy is ineffective in the presence
of a large mass of tumour cells, Its role appears to
be more in getting nid of the residual malignant
cells after the gross tumour has been removed. The
best results in the treatment of cancer apparently
follow an integrated approach to therapy, employing
surgery, radiotherapy, chemotherapy and
immunotherapy.
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Blood has held a mysterious fascination for us from
the dawn of time. It was considered the essence of
lite and was believed to cure diverse diseases and
restore youth and witality to the aged. Blood
transfusion has been attempred from very early times
but such atrempts were fruitless and often fraught
with disastrous CONSCUENCEs. Blood transfusion
became scientifically feasible only after the discovery
of blood groups by Landsteiner.,

In his original experiment, Landsteiner (1900)
crose tested serum from himself and five of his
colleagues against their red blood cells. Three
distinct patterns of agglutination were observed.
Cells which failed to agglutinate with any of the
serum samples were designated group O, while cells
agglutinating in the two different patterns were
called groups A and B, respectively. The fourth
group AB was described later by his pupils von
Decastallo and Sturli (1902). In 1930, Landsteiner
was awarded the Nobel Prize for his discovery of
human blood groups.

The ABO system is the most important of all
the blood group systems and its discovery made
blood transfusion possible. No other blood group
antigens were discovered for the next 25 years. Using
rabbit antisera to different samples of human red
cells, Landsteiner and Levine (1926) discovered the
MN and P antigens. Landsteiner and Wiener (1940)
raised rabbit and guinea pig antisera against Rhesus
monkey erythrocytes and tested them against human
red cells. This led to the discovery of the ‘Rhesus
{Rh} factor’. Many more blood group antigens have
been identified subsequently, mostly by studying
antibodies in patients who had received muleiple

Immunohematology

blood transfusions or mothers of infants with
hemolytic disease. The main blood group systems
with the dates of their discovery are shown below.

ABO 1900 Dhufty 1950
MN 1926 Kidd 1951
P 1926 Diego 1955
Rh 1940 Y 1956
Lutheran 1945 Kg 1962
Lewis 1944 Dombrock 1965
Kell 1946 Colton 1967

Some antigens have been identified that occur
very rarely, being limited to certain indvaduals or
families. These have been rermed ‘private antigens’.

ABO BLOOD GROUP SYSTEM

The ABO system contains four blood groups and
15 determined by the presence or absence of two
distinct antigens, A and B, on the surface of
erythrocytes. Red cells of group A carry antigen A,
cells of group B antigen B and cells of group AB
have both A and B antigens, while group O cells
have neither A nor B antigen. The four groups are
also distinguished by the presence or absence of
two distinct isoantibodies in the serum. The serum
contains the isoantibodies specific for the antigen
&I’I 18 HEEHT an ﬂ.'l: rﬂd EE]J. T1'|.l: SCTLIM ﬂrﬂ. Erﬂup
A individual has anti-B antibody, group B has anti-
A and group O both anti-A and anti-B, while in
group AB both anri-A and anti-B are absent (Table
21.1).

Group A is subdivided into Al and A2.
Antiserum of group A agglutinates group Al cells
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powerfully but A2 cells only weakly. About B0 per
cent of group A blood is Al and 20 per cent A2,
The subgroups of A antigen are represented in group
AB also. The recognition of group A subgroups
increases the number of ABO phenotypes from four
to six: Al, A2, B, A2B, A1B and O. Other A
sul:lg;mups (A3, Ad, AS5) have also been described
but they are not chinically relevant.

Blood group antigens are inherited according
to simple Mendelian laws. Their synthesis is
determined by allelomorphic genes A, B and O,
Genes A and B give rise to the corresponding
antigens, but O 15 an amorph and does not produce
any antigen. The frequency of ABO distribution
differs in different peoples. Group O is the most
common group and AB the rarest. The ABO
distribution in Britain 1s approximately (0—47 per
cent, A — 42 per cent, BE-8 per cent and AB -3
per cent. In India, the distribution is approximately
(0~40 per cent, A - 22 per cent, B = 33 per cent and
AB -5 per cent.

Ant-A and ant-B isoantibodies appear in the
serum of infants by about the age of six months
IIId PE‘!’E'i.E-T Thl:l'tﬁﬁ.'tf. 'I‘].'IEEI: are Cﬂll‘l:d I:['IH.T:'I.ITII"
antibodies because they seem to arise under genetic
control without any apparent antigenic stimulation.
However, it 1s likely that they develop as a result of
unidentified environmental stimuli with the blood
group-like antigens present in bacteria or other
sources, Natural anti-A and anti-B antibodies are
IgM saline agglutinating antibodies reacting
optimally between 4 *C and 18 *C but less active at
37 *C. Immune iscantibodies may develop following
ABOQ incompatible pregnancy or transfusion. More
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commonly they result from the injection of
substances containing blood group-like antigens,
such as horse serum or bacterial vaccines made
from media containing horse or hog extracts.
Immune isoantibodies are “albumin agglutinating’
IgG antibodies reacting optimally at 37 °C and
E.tlingas ht:‘l‘.Lul}'sins in the presence ufcumplcmcnt.
They are clinically more important than natural
IgM antibodies and may cause more severe
transfusion reactions,

H antigen: Red cells of all ABO groups possess
a common antigen, the H antigen or H substance
which is a precursor for the formation of A and B
antigens. The amount of the H antigen is related
to the ABO group of the cell, group O eells having
the most and AB the least amount. Due to its
universal distribution, the H antigen is not
nrdinaril_',r impurtant in Eruuping or blood
transfusion. Bhende et al (1952) from Bombay
reported the very rare instance in which A and B
antigens as well as the H antigens are absent from
red cells. This is known as ‘Bombay’ or OH blood.
Such individuals have anti-A, anti-B and anti-H
antibodies and their sera are incompatible with all
red cells except of those with the same rare blood
ETG'L'I.F.

A, B and H antigens are glycoproteins, They
are not confined to erythrocytes but can be detected
in almost all tissues and fluids of the body. While
these antigens are always present in tissues, they
are found in secretions (saliva, gastnc juice, sweat)
of only about 75 per cent of all persons. Such

persons are called ‘secretors’ and those who lack
blood group antiEtns in secretions are called

Table 21.1 Distribution of ABO antigens and antibodies in red cells and serum

o Red cells Serum
Group | Antigen present Agglutinated by Antibody present Agglutinates cells
serum of group of group
A A B,O anti-B B, AB
E B -ldl-l D :nti'ﬂ _'Il” -lql-B
AB Aand B ABO MNone MNone
0 None None __Anti-A and anti-B A, B, AB -
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‘nonsecretors’. The secretion of ABH antigens is
controlled by two allelic genes Se and se. Individuals
who are homozygous or heterozygous for Se are
secretors, while those who are se-se are
noNsecretors.

A and B antigens are also found in certain
animals and plants. They have been extracted and
purified commercially from the stomach of horses
and hogs. Blood group antibodies are also found in
some animals, Substances specifically agglutinating
A or B antigens have been detected in some plants.
A potent anti-A1 agglutinin has been extracted from
Dolichos biflorus and anti- H from Ulex europaeus.
Blood group agglutinins of plant origin are known
as ‘lectins’,

RH BLOOD GROUP SYSTEM

Levine and Stetson (1939) demonstrated a new type
of antibody in the serum of a woman who developed
severe reactions following transfusion of her
husband's ABO compatible blood. She had recently
delivered a stillborn infant with hemolytic disease.
They suggested that the woman may have been
sensitised by some antigen inhented by the fetus
from its father. Landsteiner and Wiener (1940)
identified in the red cells of the majonty of persons
tested, an aritigen that reacted with rabbit antiserum
to Rhesus monkey erythrocytes. This antigen was
called the ‘Rhesus’ or Rh factor. The ‘new type’ of
antibody described by Levine and Stetson was
dentified as the anti-Rh factor antibody. Wiener
and Peters (1940) demonstrated anti-Rh antibody
in some persons who had received ABO compatible
transfusion. Levine and ED]J.I:IEI.II:E (1941) Prmfl:d
that Rh sensitisation was the cause of hemolytic
disease of the newborn.

The Rh system is complex and its study is
complicated by the existence of two different
theories and nomenclatures for the genes and
antigens. Wiener proposed that Rh antigens are
determined by any one of several allelic genes which
may appear at a single locus and govern the
production of the appropnate agglutinogen on the
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surface of erythrocytes, Each agglutinogen is in turn
made up of one or more antigens. Fisher, on the
other hand, postulated that Rh antigens are
determined by three pairs of closely linked
allelomorphic genes, Cc, Dd and Ee. Every
individual possesses one member of each pair of
these genes derived from each parent. Each gene
would be responsible for the production of a specific
antigen, which could be detected by its specific
antibody.

The designations employed by the two systems
for the different Rh types are as follows:

Fisher Wiener
Rh positive CDe Rhl
¢DE Rh2
cDe Fha
CDE Rhz
Rh negarive Cde rh/
cdE rh//
cde th
CdE rhy

For routine purposes, the typing of persons as
Rh positive or negative depends on the presence or
absence of antigen 1) (Rho) on red cells and hence
can be accomplished by testing with anti-I) (anti-
Rh) serum. This is because D is the most powerful
Rh antigen and accounts for the vast majority of
Rh incompatibility reactions. The distribution of
Rh positives differs in different races. Among people
of European descent, about 85 per cent are Rh
positive and 15 per cent negative. Among Indians,
approximately 93 per cent are Rh positive and 7
per cent negative,

A variant of I} is known as Du. Red cells of Du
subtype react with some but not all anti-D sera.
Though Du cells may not be agglutinated by anti-
D sera, they absorb the antibody on their surface.
The Du subtype can therefore be detected by
reacting red cell with anti-D serum and then doing
a direct Coombs test. For the purpose of blood
donation, D cells are considered Rh positive. But
when a Du individual requires transfusion, it is
advisable to use Rh negative blood because he is
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capable of being immunised by standard Rh positive
blood.

There are no natural anti-Rh antibodies in the
serum. They arise only as a result of Rh
in:umparil:rl: pregnancy or transfusion.

OTHER BLOOD GROUP SYSTEMS

The Lewis blood group system consists of two
antigens Le* and Le* It differs from other blood
group systems in that the antigens are present
primarily in the plasma and saliva. Red cells acquire
the antigen by adsorbing them from plasma. The
Lewis phenotypes are closely related to the ABO
group and to the secretor status of an indmvadual.
Naturally occurring Lewis antibodies are frequently
found in the sera of persons lacking the
corresponding antigen.

In the MN system, using rabbit antisera, persons
were onginally classibied into three groups—M,
N and MN. An antigen, 5, was later added to this
system. This system has expanded to include at least
28 antigens.

Blood group systems other than ABO and Rh
are of little clinical importance as they do not usually
cause transfusion reactions or hemolytc disease.
They have applications in genetics, anthropology,
tissue typing and forensic medicine. As blood group
antigens are inherited from the parents, they are
often useful in sertling cases of disputed paternity.

MEDICAL APPLICATIONS OF BLOOD GROUPS

Broop TransFusion

The existence of several different blood group
antigens makes it almost impossible to obtain
perfectly matched blood for transfusion. But in
routine transfusion practice, only the ABO and Rh
antigens are relevant. The other antigens are too
weak to be of importance. Safety in blood
transfusion requires that the following conditions
be satisfied in choosing a donor,
1. The recipient’s plasma should not contain any

antibody that will damage the donor's

erythrocytes.
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2. The donor plasma should not have any antibody
that will damage the recipient’s red cells.

3. The donor red cells should not have any antigen
that is lacking in the recipient. If the transfused
cells possess a ‘foreign antigen’, 1t will stimulate
an immune response in the recipient.

Ideally, the donor and recipient should belong
to the same ABO group. It used to be held that O
group cells could be transfused to recipients of any
group as they possessed neither A nor B antigen.
Hence the O group was designated as the ‘universal
donor’, The anti-A and anti-B antibodies in the
transfused O blood group do not ordinarily cause
any damage to the red cells of the A or B group
recipients because they will be rendered ineffective
by dilution in the recipient’s plasma. But some O
group plasma may contain isoantibodies in high
titres (1:200 or above) so that damage to recipient
cells may result. This is known as the ‘dangerous
O group’. The anti-A antibody in the O group blood
is generally more potent than the anti-B antibody.
Hence the O blood group is more likely to cause
an adverse reaction when given to the A group
recipients than to those of the B group. While the
O group blood with low titre antibodies may be
transtused to a patient of any other group in dire
emergency, this practice should never be employed
as a routine, Transfusion of large quantities of the
O group blood to persons of any other group may
cause adverse reactions.

Diue to the absence of isoantibodies in plasma,
the AB group persons were designated ‘universal
recipients’. AB group donors may not always be
available due to their rarity and it may, on occasion,
be necessary to use donors of other groups. In such
cases, group A blood is safer than group B, because
the anti-A antibody is usually more potent than
the anti-B antibody.

Rh compatibility is important only when the
recipient 1s Rh negative. An Rh positive person
may safely receive either Rh positive or negative
blood. But an Rh negative individual receiving Rh
positive blood may form antibodies against the Rh
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antigen. A subsequent transfusion with Rh positive
blood may then cause an adverse reaction. An
additional risk in women is Rh sensitisation leading
to hemolytic disease of the newborn. Therefore it
is particularly important that Rh negative women
who are not past childbearing age receive only Rh
negative blood.

Besides ABO grouping and Rh typing of the
donor and recipient, it is invariably necessary before
transfusion to perform a ‘cross matching’ to ensure
that the donor’s blood is compatible with the
recipient’ blood. The routine procedure used in
maost blood banks is a rapid cross match by the tile
or slide method. This is done in two parts — the
majnr cross match where the donor red cells are
tested against the recipient’s serum, and the minor
cross match where the recipient’s cells are tested
against the donor serum. One drop of a 5%
suspension of donor red cells in saline is added to a
drop of the recipient’s serum on a porcelain tile or
a glass slide, mixed and observed for agglutination.
Though in most cases agglutination occurs  early,
it may sometimes be delaved. The result is to be
read, macroscopically and under low power
microscope, after incubation in a moist chamber
for 1015 minutes at room temperature, In the
minor cross match, the same is repeated using
TI:I:iPiI:TII: cells and donor serum. Dnl}' the ma_jnr
cross match 15 done ordinarly.

The saline slide rest does not detect Rh and
other minor incompatibilities. The most
discriminating method is the Coombs cross march
where washed donor cells and recipeent senim are
mncubated in a water bath ar 37 °C for two hours
and a direct Coombs test done. This detects all
incompatibilities, including incomplete antibodies.

Following an incompatible blood transfusion,
the red cells may undergo clumping and
intravascular hemolysis or they may be coared by
antibodies, engulfed by phagocytes, removed from
circulation and subjected to extravascular lysis.
Incompatible transfusion may be accompanied by
symptoms such as shivering, tingling sensation,
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excruciating headache, constricting precordial
discomfort and severe lumbar pain. Hﬂmt:nsiun.,
cold clammy skin, cyanosis, feeble pulse and other
signs of collapse may be seen. Jaundice, hematurna,
oliguria and anuria may follow.

Some transfusion reactions may be due to
immunological processes other than blood group
imcompatibility. Rigor, urticaria and other
manifestations often occur due to the recipient being
hypersensitive to some allergen present in the donor
blood. Serious reactions follow when hemolysed
or contaminated blood is transtused.

Whenever any reaction occurs, the transfusion
should be stopped immediately. The remainder of
the donor blood should be sent to the blood bank
for investigation,

The most common complications following
blood transfusion are of infectious origin.
Transfusion of blood contaminated by bacteria may
lead to endotoxic shock or septicemia. Gross
contamination can be recognised in most cases by
inspection of the blood before transfusion, as
hemolysis is usually apparent. Such contamination
can be eliminated by proper techmques of blood
collection and storage.

The most important infections transmitted at
present by blood transfusion are the HIV and
hepatitis viruses. Several cases of transfusion-
induced ALDS have accurred before HIV sereening
of donors became mandatory. However, screening
may not detect HIV infected donors during the
window period when they are infectious. Hepatitis
B, C, D and possibly others can be transmitted by
transfusion. Screening for the hepatitis B surface
antigen can exclude most HBV carriers but the
available serological tests against other hepatitis
viruses are not quite satisfactory.

Despire diligent screening, there exists a small
risk (about 1 in 300,000} risk of transfusion
associated HIV, HBV and HCV infections. The
vanant CJ1) prion is another risk in endemic areas
like the UK where it 1s mandatory to screen donors
for the prion and to remove leucocytes from blood
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before transfusion, as a precautionary measure.

Cytomegalovirus transmitted by transfusion may
cause an infectious mononucleosis-like syndrome.
Syphilis may be transmitted by transfusion of fresh
blood from an infectious donor but not if the blood
has been stored for three days or more before
transtusion. Malaria is another disease transmissible
by transfusion.

Whaole blood transfusion is being replaced
increasingly by blood component therapy, which
causes fewer complications and results in more
optimal utilisation of human blood which is a scarce
commodiry. For example, in anemia, packed red cell
transfusion is more beneficial than whole blood as
it provides greater oxygen carrying capacity with
less circulatory overload and minimal electrolyre
disturbance. Frozen red cells are available for
transfusion in patients with rare blood groups,
Similarly, leucocyte and platelet concentrates are
available for specific needs. Plasma cryoprecipitates
and Factor V1II are routinely used in treating
hemophilia. Other coagulation factors are also
available for different coagulation disorders. Such
plasma products are manufactured from poocled
human blood and may transmit HIV, hepatitis type
B or C virus and other infectious agents unless great
care 15 taken in the selection of donors and in
manufacturing processes. An illustration of the
enormity of the risk was the tragedy in France in
the mid-1980s, when tainted blood caused HIV
infection in over 4000 persons, of whom hundreds
died of AIDS in the next few years. Charges of
criminal negligence were framed against the persons
considered responsible, from the Prime Minister
downwards. Though the Prime Minister was
acquitted, the Health Minister, the Head of the
National Blood Transfusion Service and many other
top officials were convicted.

Almost all adverse reactions of transfusion can
be eliminated by autologous blood transfusion
which is rapidly becoming popular. Here, blood is
collected from the individual himself and stored
for use during elective surgery. Blood collection
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may be started a month before the expected date of
transfusion. Autologous transfusion eliminates not
only infectious complications but also those due to
minor blood group incompatibilities and

hypersensitiviry.

HeMoLyTic IDISEASE OF THE
MNEWBORN

When an Rh negative woman carries an Bh positive
fetus, she may be sensitized against the Rh antigen
by the passage of fetal red cells into the maternal
circulation. Minor transplacental leaks may occur
any time during pregnancy but it is during delivery
that fetal cells enter the maternal circulation in large
numbers. The mother is usually sensitized only ar
the first delivery and, consequently, the first child
escapes damage (except where the woman has been
sensitised already by prior Rh incompatible
transfusion). During a subsequent pregnancy, Rh
antibodies of the IglG class pass from the mother
to the fetus and damage its . This is
the pathogenesis of the hemolytic disease of the
newborn. The clinical features may vary from a mere
accentuation of the physiological jaundice in the
newborn to erythroblastosis fetalis or intrauterine
death due to hydrops fetalis.

Hemolytic disease does not affect all the
offspring of Rh incompatible marnages. Its
ncidence 15 much less than the expected figures.
The following factors influence the incidence of
hemolytic disease due to Rh incompatibility:
[mmunological unresponsiveness to the
Rh antigen: Not every Rh negative individual
forms Rh antibodies following antigenic
stimulation. Some fail to do so even after repeated
injection of Rh positive cells. They are called
nonresponders. The reason for this immunological
unresponsiveness is not known.

Fetomaternal ABQ incompatibility: Rh
immunisation is more likely to result when the
mother and fetus possess the same ABO group.
When Rh and ABO incompatibility coexist, Rh
sensitisation in the mother is rare. In this situation
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the fetal cells entening the matermal circulation are
believed to be destroyed rapidly by the ABO
antibodies before they can induce Rh antibodies.
Number of pregnancies: The first child
usually escapes disease because sensitisation occurs
only during its delivery. The risk to the infant
increases with each successive pregnancy.
Zyvgosity of the father: An individual may
be homozygous or he s with respect
to D antigen. When the father is homozygous
all his children will be Rh positive. When he
15 heterozygous, half his children will be Rh
positive.

DeTEcTiON 0OF Rh ANTIBODIES

Most Rh antibodies are of the Ig( class, and being
‘incomplete antibodies’, they do not agglutinate Rh
positive cells in saline. A minority are complete
(saline agglutinating) antibodies of the IgM class.
These are not relevant in the pathogenesis of
hemolytic disease as they do not traverse the
placenta.

IgG anti-D) antibodies may be detected by the
following rechniques: (1) using a colloid medium
such as 20 per cent bovine serum albumin; (2) using
red cells treated with enzymes such as trypsin,
pepsin, ficin or bromelin; and (3) by the indirect
Coombs test. The last is the most sensitive method.

IpEnTIFICATION OF Rh
INCOMPATIBILITY

Rh typing should form a part of routine antenatal
examination. When the woman is Rh negative, and
her husband Rh positive, fetal complications should
be expected. Women with Rh incompatible
pregnancies should be screened for Rh antibodies
by the indirect Coombs test at 32-34 weeks of
pregnancy and at monthly intervals thereafter. The
appearance of Rh annbodies during pregnancy or
their increase in titre, |ft]1c_vw1:ﬂ: present already,
would prove that the fetus is Rh positive. If
amniocentesis is indicated, demonstration of Rh
mﬁgminﬂmamniuﬁcﬂtﬁdwuuldﬂmpmﬂtﬂﬁt
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the fetus is Rh positive. In the case of hemolytic
disease of the newborn, the maternal serum will
show Rh antibodies in the indirect Coombs test
and the infant’s red cells will give a positive in the
direct Coombs test.

When hemolytic disease is diagnosed
antepartum, an intrauterine transfusion with Rh
negative blood may be indicated. Red cells
introduced into the fetal peritoneal cavity will find
their way into the circulation and will survive
normally. Premature delivery followed by
transfusion may be necessary in some cases. When
a baby is born with hemolytic disease, exchange
transfusion with Rh negative ABO compatible
blood is the treatment of chowe.

PrREVENTION O0F Rh [SOIMMUNISATION

Remarkable success has been achieved in the
prevention of Rh iscimmunisation by the
administration of anti-Rh IgG antibody at the time
when the antigenic stimulation is expected to take
place. The passively administered antibody may
prevent isoimmunisation by a negative feedback
mechanism or by afferent inhibition. The
recommended practice is to inject 100-300 pg of
Rh immune IgG to an Rh negative woman
immediately after delivery. To be effective, this
should be employed from the first delivery onwards.
The Rh immune globulin for the purpose is
prepared from human volunteers,

ABO HemoLyTic DISEASE
Maternofetal ABO incomparibility is very common
and in a proportion of these, hemolytic discase
occurs in the newborn, In persons of blood group
A or B, natural antibodies are IgM in nature and
so do not cross the placenta to harm the fetus,
However, in persons of blood group O, the
1soantibodies are predominantly lgGG in narure.
Hence ABO hemolytic disease is seen largely in O
group mothers, bearing A or B group fetus.- As
ABO hemolytic disease is due to naturally occurring

maternal isoantibodies, it may occur even in the
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firstborn, without prior immunisation. ABO
hemolytic disease is much milder than Rh disease,
probably because erythrocytes of the newborn have
fewer A or B antigenic sites as compared to adult
erythrocytes. The direct Coombs test is therefore
often negative in this condition, while the indirect
Coombs test (neonatal serum with type-specific
adult erythrocytes) is more commonly positive.
Peripheral blood smear characteristically shows
spherocytosis.

BrLoon Grour aAnD DISEASES

It has been shown that some diseases may influence
blood group antigens. Blood group antigens have
been reported to become weak in leukemia. The
reason for this is not known. The acquisition of B
antigens by Group A persons has been observed
following some infections. The antigen is believed
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to come from the infecting microorganism.

Red cell suspensions contaminated with certain
bacteria, such as Pseudomonas aeruginosa,
become agglutinable by all blood group sera and
even by normal human sera. This NOMEenon,
known as the Thomsen—Freidenreich phenomenon,
is due to the unmasking of a hidden antigen normally
present on all human erythrocytes, This is called
the T antigen. Anti-T agglutinins are normally
present in human sera. Such panagglutinability of
red cells has occasionally been observed in persons
suffering from systemic bacterial infections.

Several investigators have attempted to correlate
blood group and susceptibility to certain discases.
It has been shown that duodenal dlcer is more
frequent in persons of blood group O than in others.
An association has also been established between
group A and cancer of the stomach.

Further Reading

Anderson KC and PM Ness eds. 1994, Scientific Basis of Transfusion Medicine. Philadelphia: Saunders.
Schraber GB et al. 1996, The risk of transfusion-transmitted viral infections. New Engl | Med 334:1685.



Staphylococci are Gram positive cocei that occur
in grape-like clusters. They are ubiquirous and form
the most common cause of localised suppurative
lesions in human beings. Their ability to develop
resistance to penicillin and other antibiotics
enhances their umpartance as a human Pa.rj:ugt:n,
especially in the hospital environment.

Staphylococe: were first observed in human
pyogenic lesions by von Recklinghausen in 1871.
Pasteur (1880) obtained liquid cultures of the cocci
from pus and produced abscesses by inoculating
them into rabbits. It was Sir Alexander Ogston, a
Scottish surgeon, who established conclusively the
causative role of the coccus in abscesses and other
suppurative lesions (1880). He also gave it the name
Staphylococcus (Staphyle, in Greek, meaning
‘bunch of grapes’: kokkos, meaning a berry) due to
the typical occurrence of the cocci in grape-like
clusters in pus and in cultures. Ogston noticed that
nonvirulent staphylococci were also often present
on skin surfaces.

Most staphylococcal strains from pyogenic
lesions were found to produce golden yellow
colonies, and the strains from normal skin, whate
colonies on solid media. Rosenbach (1884) named
them Staph. aureus and Staph. albus respectively.
Passet (1885) described a third variety, Seaph.
citreus, producing lemon yellow colonies. However,
the association between virulence and pigment
production was not found to be constant.

MHH}' Uthﬁ."f Frupl:rl!il.'s were FTUFEEE'EI dah
indicators of virulence. These included hemolysis,
gelatin liquefaction, lipolytic activity, production of
urease, phosphatase and others, but none of these
was found reliable. The most constant association

Staphylococcus

was between virulence and production of the enzyme
coagulase, and to a lesser extent fermentation of
!'I'Iﬂl'.l'l'liﬂll- STE.PI'I.}'IEL'DEEi WCrc thl:l':"FDI'E EI“E;ﬁEd
into two groups: Staph. aureus (formerly also called
Staph pyogenes) containing strains giving a positive
coagulase test, fermenting manmitol and usually
being pathogenic, and Staph. epidermidis (formerly
also called Staph. albus) containing coagulase
negative, mannitol nonfermenting and usually
nonpa nic strains. The genus Staphylococcus
15 now classified into 32 species and 15 subspecies
based on the chemical composition of their cell
wall components and other properties. Besides
Staph. aureus, two coagulase negative species =
Staph. epidermidis, Staph. hacmolyticus and Staph.
saprophyticus— can also cause human disease. Some
other coagulase negative species such as Staph.
hominis and Staph. capitus are part of the
commensal flora of the human skin. Other species
are parasific on animals.

STAPHYLOCOCCUS AUREUS

Morphology: They are spherical cocci,
approximately 1 pum in diameter, arranged
characteristically in grape-like clusters (Fig. 22.1).
Cluster formation is due to cell division occurring
in three planes, with daughter cells tending to
remain in close proximity. They may also be found
singly, in pairs and in short chains of three or four
cells, especially when examined from hiquid culture.
Long chains never occur. They are nonmotile and
nonsporing. A few strains possess microscopically
visible capsules, particularly in young cultures.
Many apparently noncapsulated strains have small
amounts of capsular material on the surface. They
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stain readily with aniline dyes and are uniformly
Gram positive. Under the influence of penicillin
and certain chemicals, they may change to L forms.
Cultural characteristics: They grow readily
on ordinary media within a temperature range of
10-42 *C, the optimum being 37 *C and pH 7.4~
7.6. They are aerobes and facultative anaerobes.

On nutrient agar, after incubartion for 24 hours,
the colonies are large (2-4 mm diameter), circular,
convex, smooth, shiny, opaque and easily
emulsifiable. Most strains produce golden yellow
pigment, though some may be white, orange or
vellow. The pigment does not dittuse into the
medium. Pigment production occurs optimally at
22 °C and only in aerobic cultures. Pigment
production is enhanced when 1% glycerol
monoacetate or milk is incorporated in the medium,
The pigment is believed to be a lipoprotein allied
to cdrotene.

On nutrient agar slope, the confluent growth
presents a characteristic " oil-paint’ appearance. The
colonies on blood agar are similar to those on
nutrient agar. Most strains are hemolytic, especially
when incubated under 20-25% carbon dioxide.
Hemolysis is marked on rabbit or sheep blood and
weak on horse blood agar.

They grow on MacConkey's medium,
producing smaller colonies that are pink due to
lactose fermentation,

In higuid media, uniform mrbidity 15 produced.
Several selecrive media have been devised for
isolating Staph. awrens from specimens such as feces
containing other bacteria. These include media
containing 8-10 per cent Nal(ll (salt-milk agar, salt
broth), lithium chloride and tellurite (Ludlam's
medium}, and polymyxin. For primary isolation,
sheep blood agar is recommended. Human blood
should not be used as it may contain antibodies or
other inhibitors.

Biochemical reactions: Tfll!]." ferment a
number of sugars, producing acid but no gas. Sugar
fermentation is of no diagnostic value except for
mannitol, which is usually fermented by Staph.
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Fig. 22.1 Staphylococcus in 8 smear of pus

aurews but not by other species. They are cartalase
positive (unlike streptococei) and usually hydrolyse
urea, reduce nitrates to nitrites, hiquefy gelatin and
are MR and VP positive but indole negative. Most
strains are lipolytic and when grown on media
containing egg volk, produce a dense opacity.
Production of phosphatase can be demonstrated by
culturing on nutrient  agar containing
phenolphthalein diphosphate. When such a culture
is exposed to ammonia vapour, colonies assume a
bright pink colour due to the presence of free
phenolphthalein. This is a useful sereening
procedure for differentiating Sraph. aurews from
Btaph. epidermidis in mixed cultures, as the former
gives prompt phosphatase reaction, while the latter
15 usually neganve or only weakly positive,

Staph. aurens strains usually exhibir the following
characteristics: (1} coagulase positive; (2) greater
biochemical activity, ferment mannite; (3) produce
clear hemolysis on blood agar; (4) produce a

golden yellow pigment; (5) liquefy gelatin;
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(6] prndu::: phniph:tﬂﬁ:; {(7) in 2 medium
containing potassium tellurite, reduce tellurite to
form black colonies; and (8) produce thermostable
nucleases which can be demonstrared by the ability
of boiled cultures to degrade DNA in an agar
diffusion test.

Resistance: Staphylococci are among the more
ﬂ,‘.‘ﬁiﬁ-f‘ﬂﬂt nf- ﬂi]ﬂﬁrﬂ'.l-]'i.l'.lﬂ hal:t:r]ﬂ.. DT]EIJ Loy ] ﬂ'll':ﬂliﬁ..
they retain their viability for 3—6 months. They
have been isolated from dried pus atter 2-3 months.
They may withstand 60 “C for 30 minutes. Their
thermal death point is 62 °C for 30 manutes. Some
staphylococci require 80 °C for one hour to be
killed. Heat resistant strains have the ability to
grow at a higher temperature, even at 45 "C. Most
strains grow in the presence of 10% NaCl and some
even in 15% NaCl. These features are of
significance in food preservation.

They resist 1% pheneol for 15 minures. Mercury
perchloride 1% solution kills them in 10 minutes.
Many aniline dyes are strongly bactericidal, crystal
violet being lethal at a concentration of one in five
hundred thousand and brilliant green, one in ten
million.

F:m'}r acids inhibit the gmwth nfﬁtaphylncncn:i,
the highly unsaturated acids having a more
powerful action on coagulase positive than on
coagulase negative strains. Staphylococci are
uniformly resistant to lysozyme but some
micrococct are sensitive to it Staphylococci are
generally sensitive to lysostaphin—a mixture of
enzymes produced by a particular strain of Staph.
epidermidis.

Staphylococel were uniformly sensitive to
F-:n'lcillin :rrlg;'lnall}r, thuugh occasional strains from
the preantibiotic era have been found retrospectively
to be capable of producing penicillinase. Soon after
penicillin came to be used clinically, resistant strains
began to emerge, first in hospitals and then in the
commumty ar large.

Penicillin resistance is of three types
1. production of beta lactamase (penicillinase)

which inactivates penicillin by splitting the bera
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lactam nng. Staphylococei produce four types
of penicillinases, A to D. Hospital strains usually
form type A penicillinase. Penicillinase is an
inducible enzyme and its production is usually
controlled by pl:uimids which are transmitted
h_}r transduction or -;;nnjugat:i::ln. The same
plasmid may carry genes for resistance to a range
of other annbotics and heavy metals.

2. Changes in bactenal surface receptors, reducing
binding of beta-lactam antibiotics to cells. This
change i1s normally chromosomal in natmare and
15 expressed more at 30 “C than ar 37 °C. This
resistance also extends to cover beta lactamase
resastant penicilling such as methicillin and
cloxacillins, Some of these strains may show
resistance to other antibiotics and heavy metals
also and cause outbreaks of hospital infecrion.
These strains have been called “epidemic
methicillin resistant Staphvlococcus aureus’ or
EMRSA (as methicillin is an unstable drug,
cloxacillin is used for sensitivity testing instead).

3. Development of tolerance to penicillin, by which
the bacterium is only inhibited but not killed.
Staphylococei also exhibit plasmid-borne

resistance to l:!':r"t:l'lE'l:l]'l']J."l:llI'.I!i-.| TE[TEEFC“HEE‘

aminoglycosides and almost all clinically useful
antibiotics except vancomycin.

Pathogenieity and virulenece:

Staphylococel produce two types of diseases—

infections and intoxications. In the former the coccl

gain access to damaged skin, mucosal or tissue sites,
colonise by adhering to cells or extracellular matrix,
evade host defence mechanisms, multiply and cause
tissue damage. In intoxications, the disease is caused
by the bacterial toxins produced either in the
infected host or preformed in vitro. A number of
staphylococcal factors, both cell associated and
extracellular, have been identified, which may

III.'I.I'-I'I.I.EI'.II.:'}:' \"il"l.llfl'lli."l:. HI’JWE'I"EI. I.Pﬂrt I:'I'ﬂl'.l'l Th‘l:

exotoxins which cause specific clinical syndromes,

no other factor has a decisive role in pathogenesis.
The virulence factors described include the
following:
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CELL ASSOCIATED POLYMERS

1. The cell wall polysaccharide peptidoglycan

confers rigidity and structural integrity to the
bacterial cell. Te activates -:umplern:nt and

induces release of inflammatory cytokines.

2. Teichoic acid, an antigenic component of the

cell wall facilitates adhesion of the cocal to the
host cell surface and protects them from

complement-mediated opsonisation.

g 3 CEFEU]ET FOJ.J’EHL'EhE.FlIdI: 5-1.I.I"I'D1.I.I'.I.d;TIE' IZI'I.-I: I:I:].E

wall inhibits opsonisation.

CELL SURFACE PROTEINS

. Protein A present on most Staph. aureus strains
has many hiuluglcal properties, im:ludinE
chemaotactic, lntiphagnc}'tic and anti-
complementary effects. It also induces platelet
damage and hypersensitivity. Protein A binds
to the Fc rerminal of IgG molecules (except
Ig(53), leaving the Fab region free to combine
with its specific antigen. Protein A-bearing
staphylococci coated with any IgG antiserum
will be agglutinated if mixed with its
corresponding antigen. This procedure known
as coagglutination has many aplications, as for
streptococcal grouping and gonococcal typing.
Protein A is a B cell mitogen. It has also been
used as a ligand for iselation of Ig(.
Clumping factor, another surface protein is the
‘bound coagulase’ which is responsible for the
‘slide coagulase’ test. When a saline suspension
of Staph. aureus is mixed on a slide with a drop
of human plasma the cocci are clumped. The
shide coagulase test is routinely used for the
identification of Staph. aureus isolates.
Capsulated strains may sometimes show a
negative test because the clumping factor may

be enveloped by the capsular polysaccharide.

EXTRACELLULAR ENZYMES

. C{:a.guiasl: 15 an enzyme which hﬁng‘s about
clotting of human or rabbit plasma. It acts along

with a ‘coagulase reacting factor’ (CRF) present
in plasma, binding to prothrombin and
converting ﬁbrimg:n to fibrin. Cuagulu: does
not clot plasma of guinea pigs and some other
species because they lack CRF. Calcium or other
clotting factors are not required for coagulase
action. Eight types of coagulase have been
identified. Most human strains form coagulase
type A. Coagulase and clumping factor (the so
called ‘bound coagulase’) differ in many respects.
Coagulase is an enzyme secreted into the
medium. It requires the cooperation of CRF for
its action. Bound coagulase 15 a heat stable
constituent of the cell surface and its action is
independent of CRF. Only one type of clumping
factor has been identified. Staph. aureus strains
usually form both coagulase and clumping
factor. Coagulase test is the standard criterion
for the identification of Staph. aureus isolares.

2. Lipases. Staphylococer produce a number of
lipid hydrolases which help them in infecting
the skin and subcutaneous tissues.

3. Hyaluronidase breaks down the connective
ussue. Staphylokinase (fibrinolysin), fatry acid
modifying enzymes and proteases help in
initiation and spread of infection.

4. Nuclease. A heat stable nuclease is a
characteristic feature of Staph. aureus.

5. Protein receptors. Staphylococer possess
receptors for many mammalian proteins such
as fibronectin, fibrinogen, IgG and Clg. These
facilitate staphylococcal adhesion to host cell
and tissues.

TOXINS

Cytolytic toxins: Cytolytic toxins are
membrane-active substances, consisting of four
hemolysins and a leucocidin.

Alpha hemolysin (Alpha roxin, lysin) is the
most important among them. It is a protein

inactivated at 70 °C, but reactivated paradoxically
at 100 °C., This is because at 60-70 °C, the toxin
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combines with a heat labile inhibitor which 1s
denatured ar 100 °C, leaving the toxin free.

Alpha roxin lyses rabbit erythrocytes, but is less
active against sheep and human red cells. It is also
leucocidal, cyrotoxic, dermonecrotic (on
intradermal inoculation in rabbits), neurotoxic and
]tfhﬂ] {ﬂ'l'l i.l'lT.'.l":E."n"I:]'I.ﬂu.‘i- iTI[JL'IJJ.E.ti.[iII'.I il'l I‘Hhhi.tﬁ:'- I[ ;!i
toxic to macrophages, lysosomes, muscle tissues,
renal cortex and the circulatory system.

Beta hemolysinis a sphingomyelinase, hemolytic
for sheep cells, but not for human or rabbit cells. It
exhibits 2 ‘hor—cold phenomenon’, the hemolysis
being imtiated at 37 "C, but becoming evident only
after chilling.

Gﬂmﬂ'IH h:mnfj‘sin II!'i- CH-TH]'HJ'ﬁEd H-'F (4L ".'i-l."FlH.'I'E.['I:'
proteins, bath of which are necessary for hemolytic
activaty.

LDelta hemolysin has a detergent-like effect on
cell membranes of erythrocytes, leucocytes,
macrophages and platelets,

Leucocidin (called the Panton—VYalentine toxin

after its discoverers) is also a two component toxin,
like the gamma lysin, being composed of two
components {3 and F). Such bicomponent
membrane-active toxins as the staphylococcal
leucocidin and gamma lysin have been grouped as
synergolymenotropic foxins.
Enterntoxin: This toxin is responsible for the
manifestations of staphylococeal food poisoning -
nausea, vomiting and diarthea 2-6 hours after
consuming contaminated food containing
preformed toxin, The toxin is relatively heat stable,
resisting 100 “C for 10 to 40 minutes depending
01 th’:‘ umn;:v:ntraﬁnn I::I'Fl tl'll: l'ﬂ!;il'l ITI.'I.',I e ﬂf' thc
medium. About two-thirds of Staph. aurcus strains,
growing in carbohydrate and protein foods secrete
the tooan. Meat and fish or milk and milk products
cooked and left at room temperature after
contamination with staphylococa, for enough rime
for the toxin to accumulate, are the common items
responsible. The source of infection is usually a
food handler who is a carrier. The illness is usually
self limited, with recovery in a day or so.

Eight antigenic types of enterotoxin are currently
known, named A, B, C,_, D, E and H. They are
formed by toagenic strains, singly or in combination,
The toxin 15 believed to act directly on the
autonomic nervous system to cause the illness,
rather than on the gastrointestinal mucosa. The
toxin is antigenic and neutralised by the specific
antitoxin. Type A toxin s responsible for most cases,
sensitive serological tests such as larex
agglutination and ELISA are available for detection
of the toxin.

The roxan 15 potent, microgram amounts being
capable of causing the illness. Some cases of post
antibiotic diarrhea are caused h}r enterotoxin-
E-IJII.TIIITIH' 5tap11]r|uu:u|:-;."1. T]"“:' tuxin H.].Eu :xhihits
pyrogenic, mitogenic, hypnr:n.r.iw:, thrombao=
cytopenic and cytoroxic effects,

Toxie shoek svndrome toxin (1T5571 )
Toxic shock syndrome (TSS) is a potentially faral
multisystem disease presenting with fever,
hypotension, myalgia, vomiting, diarrhea, mucosal
hyperemia and an erythematous rash which
desquamates subsequently. This is assocated with
infection of mucosal or sequestered sites by TSST-
producing Staph. aureus strains usually belonging
to bacteriophage group L TSST type-1 (formerly
also known as enterotoxin type F or pyrogenic
exotoxin L) is most often responsible, though
enterotoxins B or C may also cause the syndrome.

TS5 was first identified 1n 1978 in children and
adolescents, but became widely known only in 1980
following outbreaks in the USA in menstruating
women using highly absorbent vaginal tampons,
Their vaginal swabs showed heavy growth of Staph.
aurcus, though blood cultures were invariably
negative. TSST-1 antibody is seen in convalescents.
This is protective and absence of TSST-1 antibody
is a factor in the pathogenesis of the condition.

Though tampon-related TSS is now rare, the
syndrome occurs in other infections of the skin,
mucosa and other sites and also in some surgical
wounds,

Staphylococcal enterotoxing and TSST-1 are
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superantigens which are potent activators of T
lymphocytes. Being VP restricted T cell mitogens,
such superantigens stimulate very large numbers
of T cells, without relation to their epitope
specificity. This leads to an excessive and
dysn:gulatcd mmune response with release of
cytokines interleukins 1, 2, tumour necrosis factor
and interferon gamma. This explains the
multisystem involvemnent and florid manifestations
in staphylococcal food poisoning and TSS.

Exfoliative (epidermaolyvtic) toxin: This
toxin, also known as ET or ‘exfoliatin’is responsible
for the ‘staphylococcal scalded skin syndrome’
(5555), exfoliative skin diseases in which the outer
layer of epridermis gets separated from the underlying
tissues. [he severe form of 5555 is known as
Rirter’s disease in the newborn and toxic epidermal
necrolysis in older patients. Milder forms are

pemphigus neonatorum and bullous impetigo.
STAPHYLOCOCCAL DISEASES

Staphylococcal infections are among the most
common of bacterial infections and range from the
trivial to the fatal. Staphylococcal infections are
characteristically localised pyogenic lesions, in
contrast to the spreading nature of streptococcal
infections. Commuon staphylococeal infections are
the following:

Skin and soft tissue: Folliculitis, furuncle
(boil), abscess (particularly breast abscess), wound
infection, carbuncle, impetigo, paronychia, less often
cellulitis.

Musculoskeletal: Osteomyelitis, arthritis,
bursitis, pyomyositis.

Respiratory: Tonsillitis, pharyngitis, sinusitis,
otitis, bronchopneumonia, lung abscess, empyema,
rarely pneumonia.

Central nervous system: Abscess,
meningitis, intracranial thrombophlebatis.
Endovascular: Bacteremia, septicemia, pyemia,
endocarditis

U rinary: Staphylococci are uncommon in routine
urinary tract infections, though they do cause
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infection in association with local instrumentation,
implants or diabetes. Urinary isolates of
staphylococci are to be considered significant even
with low colony counts, as they may be related to
bacteremia.

BacrTEriorHaGe TyprPiNgG

Staphylococc: may be typed, based on their
susceptibility to bactenophages. An internationally
accepted set of phages is used for typing.
Staphylococeal phage typing is done by a pattern
method. The strain to be typed is inoculated on a
plate of nutrient agar to form a lawn culture, After
drying, the phages are applied over marked squares
in a fixed dose (routine test dose). After overnight
incubation, the culture will be observed to be lysed
by some phages but not by others. The phage type
of the strain is expressed by the designations of all
the Pha.g:s that Irsl.- it. Thus, if a strain 1s lﬁcd
only by phages 52, 79 and 80, it is called phage
type 52/79/80. Phage typing is of great importance
in epidemiological studies of staphylococeal

infections.

International basic set of phages for typing
Staph. aureus of human origin

Geroup 1 29, 52, 52A, 79, 80

Group 1 JA,3C, 55, 71

Group 111 6, 42E, 47, 53, 54,75, 77, B3A,
B4, 85

Group IV -

Giroup ¥V 94, 96

Not allocared 81, 95

Not all cultures are typable by this procedure,
and the susceptibility patterns of circulating strains
vary in time and locality. Hence phages in the
reference set require periodic revision.
Epidemiology: Staphylococci are primary
parasites of human beings and animals, colonising
the skin, skin glands and mucous membranes. The
most common sources of infection are human
patients and carriers; animals and inanimate objects
being less important. Patients with superficial
infections and respiratory infections disseminate
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large numbers of staphylococci into the
environment. Abour 10~30 per cent of healthy
persons carry staphylococct in the nose and about
10 per cent in the perineum and also on the har.
Vaginal carriage is about 5-10 per cent, which rises
greatly during menses, a factor relevant in the
pathogenesis of TS5 related to menstruation.

Staphylococcal carriage starts early in life,
colonisation of the umbilical stump being very
common in babies born in hospitals. Some carners,
called ‘shedders’, disseminate very large numbers
of cocci for prolonged periods. The coca shed by
patients and carriers contaminate fomites such as
handkerchiefs, bed linen and blankets and may
persist on them for days or weeks. Staphylococc
may also come from infected domestic animals such
A8 COWS.

Staphylococcal disease may follow endogenous
or exogenous infection. The modes of transmission
may be by contact, direct or through fomites, by
dust or by airborne droplets.

Hospital infections by staphylococc deserve
special attention because of their frequency and
because they are caused by strains resistant to
varipus antibotics. Staphylococci are a common
cause of postoperative wound infection and other
hospital cross infections. Most of these are due to
certain strains of staphylococei that are present in
the hospital environment, the so-called hospital
strains’. They belong to a hmited number of phage
types and are cnmmnnl:,' resistant to F-l:ni-l:illin and
other antibiotics routinely used in hospitals. Some
of them, the ‘epidemic strains’, cause epidemics of
hospiral cross infections, The first of these o be
recognised was phage type B0/81, which accounted
for most of staphylococcal infections in hospirals
throughout the world. They have since been
replaced by other strains of staphylococci and by
Gram negative bacilli.

Measures for the control of staphylococcal
infection in hospitals include:

1. isolation of patients with open staphylococcal

lesions;
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2 detection of staphylococcal lesions among
s.urgcuns, ULSES l'l'ld ﬂt].'l:l' hﬂﬁpiﬂ] 51:1'&1 IIII:!.
keeping them away from work till the lesions
are healed;

3. strict aseptic techniques in theatres;

4. the oldest, simplest and the most effective method
of checking hospital cross infection is hand
washing, which unfortunately is often
neglected.

If an outbreak of staphvlococcal sepsis occurs,

a search may be made for carriers among the
hospital staff. Those detected should be treated with
local applications of neomycin and chlorhexidine.
In some institations in Amenca, eradication of the
virulent resident strain has been attempted by the
deliberate dissemination of a strain of low virulence.
The latter may oust the former by interference.
Antimicrobial prophylaxis by topical applications
of antiseptics such as hexachlorophene has also
been found useful,
L.ahoratory diagnosis: The specimens to be
collected depend on the type of lesion (for example,
pus from suppurative lesions, sputum from
respiratory infections). In cases of food poisoning,
feces and the remains of suspected food should be
collected. For the detection of carriers, the usual
specimen is the nasal swab. Swabs from the
perineum, pieces of hair and umbilical stump may
be necessary in special situations,

Direct microscopy with Gram stained smears
is useful in the case of pus, where cocci in clusters
may be seen. This is of no value for specimens like
sputurmn where mived bacterial flora are normally
present.

Diagnosis may readily be made by culture. The
specimens are plated on blood agar. Staphylococcal
colonies appear after overnight incubation.
Specimens where staphylococci are expected to be
scanty and outnumbered by other bacteria (for
example, swabs from carriers, feces in food poisoning
cases) are 1noculated on selective media like
Luodlam’s or salt-milk agar or Robertson’s cooked
meat medium containing 10 per cent sodium
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chloride. Smears are examined from the cultures
and the coagulase test done when staphylococc
are isolated.

Coagulase test 15 done by two methods — tube
and slide coagulase tests. The tube coagulase rest
detects free coagulase. About 0.1 ml of 2 young
broth culture or agar culture suspension of the
isolate is added to about 0.5 ml of human or rabbit
plasma in a narrow test tube. EDJTA, oxalate or
heparin may be used as the anticoagulant for
preparing the plasma. Citrate is not recommended
because it may be unlised by some contaminant
bacteria, causing false positive results. Positive and
negative controls are also set up. The tubes are
incubated in a water bath at 37 °C for 3-6 hours. If
positive, the plasma clots and does not flow when
the tube is nlted. Continued incubation is not
recommended as the clot may get lysed by the
fibrinogen formed by some strains.

The slide test detecting bound coagulase is much
simpler and usually gives results parallel with the
tube test. When there is divergence, the tube test
will be the deciding factor. For the shde test, the
isolate is emulsified in a drop of saline on a slide.
After checking for absence of autoagglutination, a
drop of human or rabbit plama is added to the
emulsion and mixed. Prompt clumping of the cocer
indicates a positive test. Positive and negative
controls also are set up.

Anrtibiotic sensitivity tests should be performed
as a guide to treatment. This is important as
staphylococe: readily develop resistance to drugs.

Bacteriophage typing may be done if the

information is desired for epidemiological purposes.

Other typing methods include antibiogram pattern,
plasmid profile, DINA fingerprinting, ribotyping
and PCR-based analysis for genetic pleomorphism.

Serological tests may sometimes be of help in
the diagnosis of hidden deep infections.
Antistaphylolysin (antialphalysin) titres of more
than two units per ml, especially when the titre is
rising, may be of value in the diagnosis of deep
seated infections such as bone abscesses,
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Fig. 22.2 Bacteriophage typing of staphylococci

Treatment

As drug resistance is so common among
staphylococei, the appropriate antibiotic should be
chosen based on antibiotic sensitivty tests, Benazyl
penicillin is the most effective antibiotic, if the
serain is sensitive. Methicillin was the first

compound developed to combat resistance due to

penicillinase (beta lactamase) production by
staphyvlococci. Due to the limitations in clinical use
of methicillin, cloxacilling are used instead against
penicillinase-producing strains. But methicillin
resistant strains of Staph. aureus (MRSA) became
common, which were resistant not merely to
penicillin, but alse to all other beta lactam antibiotics
and many others besides, For life threatening
staphylococcal infections, vancomycin is the drug
of choice. Strains resistant to vancomycin and
teicoplanin have appeared in hospitals where
antibiotic use is indiscriminate. For mild superficial
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lesions, systemic antibiotics may not be necessary.
Topical applications of drugs not used systemically,
as bacitracin, chlorhexidine or mupirocin may be
sufficient.

Some strains show the phenomenen of drug
tolerance. These strains will be found to be
susceptible in the disc sensitivity test but their
minimum bactericidal concentration will be very
much higher than their minimum inhibitory
concentration. They are not killed by antibiotics in
the usual doses and persist, leading to failure in
eradicating the infection.

The treatment of carriers is by local application
of suitable antibiotics such as bacitracin and
antiseptics such as chlorhexidine. In resistant cases
posing major problems, rifampicin along with
another oral antibiotic may be effective in long term
suppression or elimination of the carrier state.

OTHER COAGULASE POSITIVE STAPHYLOCOCCI
Besides Staph. aureus, a few other staphylococcal

species are coagulase positive, e.g. Sraph.
intermedius and Staph. hyicus. These are animal
parasites and do not infect humans,

COAGULASE NEGATIVE STAPHYLOCOCCI

Coagulase negative staphylococci constinite a major
component of the normal flora of the human body.
Some species of coagulase negative staphylococci
can produce human infections = Staph. eprdermudis,
Staph. haemolyticus and Staph. saprophyticus.
Staph. epidermidis is invariably present on
normal human skin. It is nonpathogenic ordinarily
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but can cause disease when the host defences are
breached. It is a common cause of stitch abscesses.
It has a predilection for growth on implanted
foreign bodies such as artificial heart valves, shunts,
intravascular catheters and prosthetic appliances,
leading to bacteremia. Hospital strains of Staph.
epidermidis are usually multiple drug resistant, It
can cause cystitis. Endocarditis may be caused,
particularly in drug addicts.

Staph. saprophyticus may be present on normal
human skin and the periurethral area and can cause
unnary tract infechon, partcularly in sexually active
young women. [he infection is symptomatic and may
involve the upper urinary tract also. Men are
infected much less often, though it is sometimes seen
in older persons. The infecting strains are usually
sensitive to most common antibiotics, except
nalidixic acid. Sraph. saprophyticus is novobiocin
resistant.

Table 22.1 lists the features useful for
distinguishing the major species of staphylococei.
MICROCOCCI
These are Gram positive cocci which occur mostly
in pairs, tetrads or irregular clusters. They are
catalase and oxidase positive. They are aerobic with
a strictly respiratory metabolism. They are parasitic
on mammalian skin and are ordinarily
nonpathogenic. They resemble staphylococei bur
in stained smears the cells are generally larger and
more (Gram variable than staphylococci. In cultures
they form smaller colonies. The common laboratory
test used to differentiate between micrococci and

Table 22.1 Features for distinguishing the major species of staphylococci

Characteristic Sraph. aureus Staph. epidermidis Sraph. saprophyticus
Coagulase - -
Novebiocin sensitivity 5 5 R

Acid from mannitol anaerobically “
Phosphatase +
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Htaph}rl{m[}cci is the Hu.g]'l and Leifson's madation—  oxidanive and 5rap|1}r1|:|::1::ncci show fermentative
fermentation test in which micrococei show  patterns.
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Streptococcus

Stre i are Gram positive cocci arranged in
chaing or pairs (Fig. 23.1). They are part of the
normal flora of humans and animals. Some of them
are human pathogens. The most important of them
15 Streprococcus pyogencs causing pyogenic
infections, with 1 characteristic tendency to spread,
as opposed to staphylococcal lesions which are
typically localised. It is also responsible for the
nonsuppurative lesions, acute rheumatic fever and
glomerulonephritis which occur as sequelae ro
infection.

Cocal in chains were first seen in erysipelas and
wound infections by Billroth (1874), who called
them streptococci (strepros, meaning twisted or
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Fig. 23.1 Streptococci

coiled). Ogston (1881) isolated them from acute
abscesses, distinguished them from staphylococci
and established their pathogenicity by animal
inoculation. Rosenbach (1884) isolated the cocci
from human suppurative lesions and gave them the
name Streptococcus pyogenes.

CLASSIFICATION

Several systems of classification have been employed
but in medical bacteriology the following method
is useful (Fig. 23.2).

Streptococci are first divided into obligate
anaerobes and facultative anaerobes. The former
are designated peptostreptococc and are considered
in a later chapter. The aerobic and facultative
anaerobic streptococci are classified on the basis of
their hemolytic properties. Brown (1919)
categornised them into three varieties based on their
growth in 5% horse blood agar pour plate cultures.

Alpha (o) hemalytic streptococci produce a
greenish discolouration with partial hemolysis
around the colonies. The zone of lysis is small (1
or 2 mm wide) with indefinite margins, and unlysed
erythrocytes can be made out microscopically
within this zone. These are known as “viridans
strl:pi'ucd-:ci1 or SITEFI‘GWE‘E‘I.IE viridans (from
‘viridis' meaning green). The alpha streptococei are
normal commensals in the throat, but may
cause opportunist infections rarely. Pnemococeus
(Str. pneumoniae) is also an alpha hemolytic
streptococeus.

Beta (B) hemolytic streptococei produce a
sharply defined, clear, colourless zone of hemaolysis,

2=4 mm wide, within which red cells are
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Fig. 23.2 Classification of streptococe

completely lysed. The term ‘hemolytic streptococci’
strictly applies only to beta lytic strains. Most
pathogenic streptococcl belong to this group.

Gamma (y) or nonhemolytic streptococci
produce no change in the medium and so are
sometimes referred to as ‘indifferent streprococcr’.
They include the fecal streptococci  (enterococci,
Str. faecalis) and related species. They are called
the ‘enterococcus group'.

Hemolytic streptococci were classified by
Lancefield (1933) serologically into groups based
on the nature of a carbohydrate (C) antigen on the
cell wall. These are known as Lancefield groups,
twenty of which have been identified so far and
named A-V (without I and J). The great majority
of hemolytic streptococci that produce human

infections belong to group A. Hemolytic

streptococci of group A are known as Str. pyogenes. -
These may be further subdivided into types based
on the protein (M, T and R) antigens present on
the cell surface (Griffith typing). About eighty types
of Str. pyogenes have been recognised so far (types
1, 2, 3 and so on).

Table 23.1 shows the medically important
streptococci and their characteristics.

STREPTOCOCCUS PYOGENES

Morphology: The individual cocci are spherical
or oval 0.5-1.0 pm in diameter. Size variations
result from cultural conditions, for example, when
grown anacrobically, they are somewhat smaller.

They are arranged in chains, the length of which
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Table 23.1 Medically important streptococci and their characteristics

fermvefridli
B mulf.l

Species or Hemolpsis

CARFRIFRCRER  FRERITE

Heabifanl
fir Freireni
hnsls

Coommmpon diseoses
Calbised

Labarafory fests

S pyogenes A beta Throat,  Bacitracin sensitive;  Upper respiratory tract
Ribose not fermented rheumatic fever;
glomerulonephritis
Ser. agalactiae B bera Female CAMP test, hippurate Neonatal meningitis,
genital  hydrolysis septicemia
tract,
rectum
Str. equisimilis C beta Throat  Ribose and trehalose  Pharyngitis,
fermentation endocarditis
Str. anginosus A,C.F G, bet (alpha, Throat, Group A strains Pyogenic infections
untypable  gamma) coslon, bacitracin resistant
female  PYR negative; Minute
genital  colony variants of
tract other groups
Enterococcus sp. . D Gamma Colon  Growth in 6.5% NaCl; Urinary tract
(Str. faccalis and (alpha, FYR positive infections,
other enterococc) beta) endocarditis,
suppurative infections
Nonenterococeal D gamma Colon No growth in 6.5% Endocarditis
Group 1D species NaCl
(Str. bowis)
Viridans Mot typed alpha Mouth, Optochin resistant, Endocarditis { Str.
streptococci (many (gamma) colon, species classification  sanguis); dental caries
species) female  on biochemical (Str. mutans)
genital  properties
tract

varies within wide limits and is influenced by the
nature of the culture medium, chains being longer
in liquid than in solid media. Chain formation is
due to the cocci dividing in one plane only and the
daughter cells failing to separate completely. There
is often an appearance of pairing within the chains.
Significance was once attached to the length of
the chains, and streptococei had been classified
accordingly (Str. longus and brevis) but this has no
relevance to virulence or other properties. In fact,
some nonpathogenic streptococci form the longest
chains, for example, Str. salivarius. (Fig. 23.1).

Streptococci are nonmotile and nonsporing.
Some strains of Str. pyogenes and some group C
strains have capsules composed of hyaluronic acid,
while polysaccharide capsules are encountered in
members of group B and D. These capsules are
best seen in very young cultures.

Cultural characteristics: It is an aerobe and
a facultative anaerobe, growing best at a temperature
of 37 °C (range 2242 °C). It is exacting in nutritive
requirements, growth occurring only in media
containing fermentable carbohydrates or enriched
with blood or serum. On bload agar, after incubation
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for 24 hours, the colonies are small {(0.5-1.0 mm)
‘EIIIT.I.'I].'E.E. s-l:m'ttrami'pan:nt, [I'J"Hl' COVEN IL'I.IIH'L"S "u'l"i.th W
area of clear hemolysis around them. Growth and
hemolysis are promoted by 10 per cent CO,.
Virulent strains, on fresh solanon from lesions,
pr{:du::i: a ‘matt’ [ﬁntl}' g‘ranu]ar] cnlun].r, while
avirulent strains form ‘glossy’ colonies. Strains with
well marked capsules produce ‘mucoid’ colonies,
commesponding in virulence to the martr type. Very
rarely, nonhemolytic group A streptococei are
encountered, which are t].l}'ril:u! of Str progenes 1t
other respects.

In liquid media, such as ghucose or serum broth,
growth oceurs as a granular urbidity with a
powdery deposit. o pellicle is formed.
Biochemical reactions: Streptococa ferment
several sugars producing acid but no gas.

S".'.I'EPDLH.'E’EEI are L'B.ti:ljﬂ.lit I'.Il:gﬂ['i."!'l:- .T‘]'H::!." are rot
soluble in 10 per cent bile, unlike pneumococci.
Hydrolysis of pyrrolidonyl naphthylamide (PYR
test) and failure to ferment ribose are useful in
differentiating Str. pyogenes from other streptococel.
Resistance: Str. pyogenes is a delicate organism,
easily destroyed by heat (54 "C for 30 minutes). It
dies in a few days in cultures, unless stored at a low
temperature (4 “C), preferably in Robertson's
cooked meat medium. [t can, however, survave in
dust for several weeks, it protected from sunlight.
It is rapidly inactivated by antiseptics. It s more
resistant to crystal vieler than many bacreria,
including Sraph. sureus, Crystal violet (1 mg/L),
nalidixic acid (15 mg/L) and colistin sulphate (10
rng.."l.] added to blood agar pmv]d: a gnnd selective
medium for the isolation of streprococd, including
pneumococct. It is susceptible to sulphonamides
and many antibiotics but unlike Seaph. aureus does
not develop resistance to drugs. Sensitivity to bacitracin
1z employed as a convenient method for differentiating
Str. pyogenes from other hemolytic streptococe.
Antigenie structure: Fig, 23.3 illustrares the
disposition of the various antigens in Str. pyogenes.
The capsule when present inhibits phagocytosis.
It is not antigenic in human beings.
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The cell wall is composed of an outer layer of
protein and lipoteichoic acid, a middle laver of
group specific carbohydrate and an inner layer of
peptidoglycan.

The peptidoglycan {mucoprotein) is responsible
for cell wall ngidity. It has also some hwological
properties such as pyrogenic and thrombaolytic
ACTIVILY.

Serological grouping of streptococal depends on
the C carbohydrare. Str. pyogenes belongs to group
A Az this '.'I.Tll:iEl:Tl 15 an inﬁ:gr:] part of the cell
wall, it has to be extracted for grouping by a
precipitation test with group antisera. For the rest,
streptococct are grown in Todd-Hewitt broth and
extracted with hydrochloric acid {Lancefield'’s acid
extraction method), or formamide (Fuller's
method) or by an enzyme pm-dun;'-:d h}' Sm:pmmrpws
albus (Maxted'’s method) or by autoclaving (Rantz
and Randall’s method). The extract and the sp:ciﬁc
antisera are allowed to react in capillary tubes.
Precipitation occurs within five minutes at the
interface between the extract and the homologous
antiserum. Grouping may also be done by agar gel
precipitation.

Several protein antigens have been idennfied in
the outer part of the cell wall. Str. pyogenes can be
I}TH:CI, based on the surface proteins M, T and R.
The M protein is the most important of these. It
acts as a virulence factor by inhibiting phagocytosis.
It is antigenic. The antibody to M protein promotes
phagocytosis of the coccus and is therefore
protective. [he M protein is heat and acid stable
but susceptible to tryptic digestion. It can be
extracted by the Lancefield acid extraction method
and typing s done with type specific sera. About
B0 M protein types have been recognised.

TheT protein 1s an acid lahile, tTypsin resistant
antigen present in many serotypes of Str. pyogenes.
[t may be specific but many different M types
possess the same T antigen. It is usually
demonstrated by the slide agglutination test using
trypsin-treated whole streptococct. Some types of
Str. pyogenes (types 2, 3, 28 and 48) and some
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strains of groups B, C and G contain a third antigen,
the R protein. The T and R proteins have no relation
to virulence. A nontype-specific protein, associated
with the M protein, has been identified. This is
known as M associated protein (MAP).
Hair-like pili (fimbria) project through the
capsule of group A streptococci. The pili consist
partly of M protein and are covered with
lipoteichoic acid which is important in the
attachment of streptococci to epithelial cells.
Various structural components of Str. pyogenes
exhibit antigenic cross reaction with different
tissues of the human body. Antigenic relanionships
have been demonstrated between capsular
hyaluronic acid and human synovial fluid, cell wall
protein and myocardium, group A carbohydrate and
cardiac valves, cytoplasmic membrane antigens and
vascular intima, and peptidoglycans and skin
antigens. It has been postulated that these antigenic
cross reactions may account for some of the
manifestations of rheumatic fever and other
streptococcal diseases, the tissue damage being of

an immunological nature

Fig. 23.3 Antigenic structure of Str pyogenes.
1. Hyaluronic acid capsule. 2. Cell wall comprising
2A. peptidoglycan, 2B. group specific carbohydrate
and 2C. protein lipoteichoic acid fimbria 3. Cyto-
plasmic membrane 4. Cytoplasm. 5. Pill covered with
lipoteichoic acid.
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Toxins and other virulence factors: Sir.
progenes forms several exotoxins and enzymes
which contribute to its virulence. Besides these,
the M protein also acts as a virulence factor by
inhibiting phagocytosis. The C polysaccharide has
been shown to have a toxic effect on connective
tissue in experimental animals.
Hemolysins: Streptococci produce two
hemolysins, streptolysin 0" and °§’. Streptolysin
O is so called because it is oxygen labile. It is
inactive in the oxidised form but may be
reactivated by treatment with mild reducing agents.
On blood agar, str:pmlysin ] a:t'n."il}' 15 56N nnl}r
in pour plates and not in surface cultures. It may
be obtained in the active state by growing
streptococei in broth containing reducing agents
such as sodium hydrosulphite. It is also heat labile.
It appears to be important in contributing to
virulence. It is lethal on intravenous injection into
arimals and has a specific cardiotoxic activity. It
has leucotoxic activity also. In its biological action,
streptolysin O resembles the oxygen labile
hemolysins of CL perfringens, Cl. retani and the
F:I'L-tu:nu-l:ul:l:l.ls.

Streptolysin O is antigenic and antistreptolysin
O appears in sera following streptoceccal infection.
Estimation of this antibody (ASO titre) is a standard
serological procedure for the retrospective diagnosis
of infection with Str. pyvogenes. The lysin is
inhibited by cholesterol but not by normal sera.
Following certain chemical treatments or bacterial
contamination, sera may develop inhibitory activity
due to some changes in the lipoproteins. Such sera
are unfit for the ASO test. Because of the
complexity of the hemolysis inhibition test, ASO
test is now done by the serological method of latex
agglutination. An ASO ttre in excess of 200 units
15 considered significant and sugpgests either recent
or recurrent infection with streptococci.
Streptolysin 5 and O are produced by groups A, C
and G also.

Streptolysin 5 is an oxygen stable hemolysin and

so is responsible for the hemolysis seen around
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streptococcal colonies on the surface of blood agar
plates. It is called streptolysin § since it is soluble
in serum. It is a protein but is not antigenic.
Convalescent sera do not neutralise streptolysin S
activity. It is inhibited nonspecifically by serum
lipoproteins.

Pyrogenic exotoxin (Erythrogenie,
Dick, scarlatinal toxin): This toxin was
named ‘erythrogenic’ because its intradermal
injection into susceptible individuals produced an
erythematous reaction (Dick test, 1924). This test
was used to identify children susceptible to scarlet
fever, a type of acute pharyngitis with extensive
erythematous rash, caused by the Str. pyogenes
strains producing this toxin, Blanching of the rash
on local injection of convalescent serum was used
as a diagnnstic,n:st for scarlet fever (Schulez
Charlton reaction, 1918). The Dick test and Schultz
Charlton reaction are now only of historical value
as scarlet fever is no longer a common or serious
disease.

The primary effect of the toxin is induction of
fever and so it was renamed Streptococcal pyrogenic
exotoxin (SPE). Three types of SPE have been
identifiecd—SPE A,B and C. Types A and C are
coded for by bacteriophage genes, while type B
gene is chromosomal. SPEs are ‘superantigens’ (like
staphylococcal enterotoxins and TSS toxin), T cell
mitogens which induce massive release of
inflammatory cytokines causing fever, shock and
tissue damage.

Streptokinase (fibrinolvsin): This toxin
promotes the lysis of human fibnin clots by activanng
a plasma procursor (plasminogen). It is an antigenic
protein and neutralising antibodies appear in
convalescent sera. Anti-streptokinase antibody
provides retrospective evidence of streptococcal
infection. Fibrinolysin appears to play a biological
role in streptococcal infections by breaking down
the fibrin barrier around the lesions and facilitating
the spread of infection. Streprokinase is  given

intravenously for the treatment of early myocardial
infarction and other thromboemboloic disorders.
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Deoxvyribonucleases (Streptodornase,
DN Aase): These cause depblymerisation of
DNA. Pyogenic exudates contain large amounts of
DNA, derived from the nucleil of necrotic cells.
Streptodornase helps to liquefy the thick pus and
may be responsible for the thin serous character of
streptococcal exudates. This property has been
applied therapeurtically in liquefying localised
collections of thick exudates, as in empyema. A
preparation containing streptokinase and
streptodornase 15 available for this . Four
antigenically distinct DNAases, A, B, C and D, have
been recognised, of which type B is the most
antigenic in human bei Demonstration of anti-
DNAase B antibody is useful in the retrospective
diagnosis of Str. pyogenes infection, particularly in
skin infections, where ASO ritres may be low.
Streptodornase B and DD also possess ribonuclease
activity.
Nicotinamide adenine dinucleotidase
(NADase, formerly diphosphopyridine -
nucleotidase, DPNase): This acts on the
coenzyme NAD and liberates nicotinamide from
the molecule. It is antigenic and is specifically
neutralised by the antibody in convalescent sera.
The biological significance of NADase is not
knewn, though it is believed to be leucotoxic.
Hyaluronidase: This enzyme breaks down the
hyaluronic acid of the tissues. This might favour
the spread of infection along the intercellular spaces.
Streptococc possess a hyaluronic acid capsule and
also elaborate a hyaluronidase—a seemingly self-
destructive process. 1t 15, however, found that strains
that form hyaluronidase in large quantities (M types
4 and 22) are noncapsulated. The enzyme is
antigenic and specific antibodies appear in
convalescent sera.
Serum opacity factor: Some M types of Sir
progenes produce a lipoproteinase which produces
opacity when applied to agar gel containing horse
or swine serum. This is known as serum opacity
factor (SOP).

Many strains also produce proteinase,
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phosphatase, esterases, amylase, N acetyl
glucosaminidase, neuraminidase and other toxins
or enzymes. It is not known whether, and to whar
extent, these contnbute to I'.IE.‘I.']'I.HEI:I'I.I.'EiS.

PATHOGENICITY

Str. pyogenes produces pyogenic infections with a
tendency to spread locally, along lymphatics and
'I_'I'I[I.'!IIJE"I. tl'Lll: Hn{:lﬂsm:am-

Respiratory infections: The primary site of
invasion of the human body by Str. pyogenes is the
throat. Sore throat is the most common of
streptococcal diseases. It may be localised as
tonsillitis or may involve the pharynx more diffusely
{pharyngitis). Virulent group A streptococa adhere
to the pharyngeal epithelium by means of
]il'mt:ichnic acid COVET1Ing the surface pili- The
glycoprotein fibronectin on the epithelial cells
probably serves as the lipoteichoic acid ligand.
Tonsillitis 1s more common in older children and
adults than in younger children, who commonly
develop diffuse pharyngitis. Localisation is believed
to be favoured by hypersensitivity due to prior
contact.

From the throat, streptococct may spread 1o the
surrounding tissues, leading to suppurative
cumplicatiuns, such as otitis media, mastoiditis,
quinsy, Ludwig’s angina and suppurative adenitis.
It may rarely lead to meningitis. Streptococcal
pneumonia seldom follows throat infection but may
occur as a complication of influenza or other
respiratory viral diseases.
skin and sof infections: Str.
F}"i%'l.'ﬂl:"i CalsEs i vantn-' D'E'- huppumﬂﬂ: II'.IftL'r.I.DE'IE
of the skin, inchuding infection of wounds or burns,
with a predilection to produce lymphangitis and
cellulitis. Infection of minor abrasions may at times
lead to fatal septicemia.

The two typical streptococcal infections of the
skin are erysipelas and impetigo. The former is a
diffuse infection invelving the superficial
lymphatics. The affected skin, which is red, swollen
and indurated, 15 sharply demarcated from the

lissue
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surrounding healthy area. While erysipelas is rare
EII'I_{I SCCTY I:,]I'Ih.' i!'l. nl'l:lI:T Pﬂ.tlll:l'lf‘ﬁ, Ilml'lttigﬁ 'iS ﬁ:lul':ld
mainly in young children. Impetigo is caused by
Str. pyogenes belonging to a limited number of
serotypes, usually the higher numbered M types,
instead of the lower numbered M types which cause
throat infections. Impetigo and streptococcal
infection of scabies lesions are the main causes
leading to acute glomerulonephritis in children in
the tropics.

In pyoderma, antibody response to streptolysin
(0 15 not high and ASQ estimation does not have
as much clinical significance as in pharyngeal
Antibody o DNAase B and
hyaluronidase are more useful in retrospective
diagnosis of pyoderma antecendent to acute
glomerulonephrins.

Streptococcal subcutaneous infections range
from cellulitis to n:crutlsiing fazciitis. The latter
condition is more commonly caused by a mixed
aerobic and anaerobic bacterial infection but some
strains of Str. pyogenes (more particularly M types
1 and 3 strains forming pyrogenic exotoxin A) may
alone be responsible. This is ordinarily a sporadic
condition and has been known since 1883 but small
outhreaks in the UK and the USA have recently
caused much alarm because of their severity and
high fatality. These strains have earned notoriety
under the name ‘tlesh eating bacteria’, In such cases,
extensive necrosis of subcutaneous and muscular
tissues and adjacent fascia is associated with a severe
systemic illness—a toxic shock-like syndrome with
disseminared intravascular coagulation and mulaple
systemn failure. Str pyogenes can be isolated from
the affected site and rising titres of antistreptolysin
and anti-DNAase B demonstrated. Though the
isolates are penicillin sensitive in vitro, treatment
with penicillhn may not be effective. Vancomycin
is the drug of choice in life threatening infections.

Soft tissue infections with some M types of Ser.
pyogenes (1,3
shock s].rndmml: resemnbling staphylococcal TSS.
Streptococcal TSS and necrotising fasciitis ocour

infections.

, 12, 28) may sometumes cause d toxic
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only 1n persons nonimmune to the infecting M
rypes.

Genital Both aerobic and
anaerobic ﬁtrtpt-:}cm:ci are normal inhabitants of

infections:

the female genitalia. Str. pyogenes was an important
cause nfputrp::r:al sepsis, with the infection usually
being exogenous. The emphatic demonstration by
semmelweis in 1847 that hospital outbreaks of
puerperal fever could be prevented by the simple
measure of handwashing by those attending  the
labour wards remains a landmark in clinical
microbiclogy. Puerperal fever is now much more
commaonly due to endogenous infection with
anaerobic streptococel. Streptococeal puerperal
sepsis used to take a heavy toll of life before
E]'ltlblﬂtll:i I:H:EE.ITH: E.\'H.'IIH]J].I:

Other suppurative infections:  Str,
pyogencs may cause abscesses in internal organs
such as the brain, lungs, liver and kidneys, and also
septicemnia and pyemia.

MNonsuppurative complications: Ser.
pyogenes infections lead to two important
nonsuppurative sequelze—acute rhewmatic fever and
acute glomerulonephritis. These complications
ensue 1-3 weeks after the acute infection so that
the organism may not be detectable when sequelac
set in. They differ in their natural history in a
number of respects (Table 23.2).

The pathogenesis of these complications is not
E].EEII}" umlmtnud.m EE-EI:I.'II.'IIHI ]Iﬁlll'.'!l'.l. i.l'.l II'.I.I."LLFI'.IE.ﬁE
fever is carditis, including connective tissue
degeneration of the heart valves and inflammarory
myocardial lesions characterised by Aschoff
nodules. Typically, rheumatic fever follows persistent
or repeated streptococcal throat infections with a
Eﬂ'ﬂnE Hnﬁhﬁd}r IE"'lFﬂTIﬁ-E T}il: II:Ei.ﬂI.'IE- are hl:l;ﬂ:d
to be the result of hypersensitivity to some
streptococcal component. Lt has also been suggested
t]'lit thtl’t ma}r hl: amn tl:ml:l'lt ﬂf autnimmun'n]r
involved, and antigenic cross-reactions have been
demonstrated between streptococci and heart
tissues. Lesions resembling rheumatic fever have
been produced expenimentally in rabbits by repeated
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infection with Ser: pyogenes and in mice by injection
of sonic lysates of the cocci.

While rheumatie fever may follow infection

with any serotype of Str. pyogenes, nephritis is
caused by only a few ‘nephritogenic’ types. In the
tropics, skin mfections are perhaps more important
in this respect than throat infections. The ncpl'l.r'ltis
is usually a self-limited episode that resolves
without any permanent damage. The pathogenesis
may be due to antigenic cross-reactions between
the glomerular membrane antigen and cell
membranes of nephritogenic streptococei, or more
often it may be an immune complex disease. This
condition has been produced in monkeys and rabbirs
h].r IE'}'H:HtI:d infection with type 12 Sir PYogenes or
I!I'I.JEE['ICI-I.'I DF bil:tl:nﬂ.l I'.Il'ﬂdl.lm ‘E.I'.IEI. In mice “’!ﬂ]
soluble streptococeal products.
Fpidemiology: The major source of Str.
pyogenes is the human upper respiratory tract =
throat, nasopharynx or nose — of patients and
carriers, Carrier rates of up to 20 per cent have
been observed. Symptomless infection is common
and helps to maintain the organism in the
I:-I'.II'.I'III'.II.JIII“]". TIE.FIE-II'.IiEiEilJ‘l'I l'_'l:l:- inﬁ:l:l'.i.ﬂ]"l. IHi -I:IIT]"l'Er h}'
direct contact or through contaminated fingers, dust
or fomites. In the tropics, streptococcal infection
of the skin is common and may be spread by
nonbiting insects, particularly the eye gnat
Hippelates.

Streptococcal infections of the respiratory tract
are more frequent in children 5—8 years of age than
in children below two years or in adults. They are
more common inwinter in the temperate countries.
No seasonal distribution has been identified in the
tropics. Crowding is an important factor in the
transmission of infection. Qutbreaks of infection
miay occur in closed communities such as hoarding
schools or army camps.

Immunity is type specific and appears to be
associated with antihnd}r to the M Pmtl:'ln.
Reinfections occur because of the multiplicity of
SErotypes.

Laboratory diagnosis: In acute infections,
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Table 23.2 Comparison of rheumatic fevar and glomerulonephritis

Acure rheumatic fever

Site of mfccnu-n Throat
Prior sensitisation Essential
Serotype of Any

Str. pyogenes

Immune response Moarked
Complement level Unaffected
Genetic susceptibility Present
Repeated atracks Commaon
Penicillin prophytaxis Essential
Course Progressive or static
Prognosis Variable

Acute glomerulonephritis

Throat or skin
Not necessary
Pyodermal types 49, 53=55, 59-61
and pharyngitis strains 1 and 12
MDEIEIII'E

Lowered

Mot known

Absent

Mot indicated

spontancous resolution

Good

diagnosis is established by culture, while in the
nonsuppurative cumpli::aﬁuns, di:gm:ﬁis 15 mainl}r
based on the demonstration of antibodies.

Presumptive information may be obtained by an
examination of Gram stained films from pus and
CSF. The presence of Gram positive cocci in chains
1 indicative of streptococeal infection. However,
smears are of no value in infections of the throat or
genitalia, where streptococcl may form part of the
resident flora.

For cultures, swabs should be collected under
vision from the affected site and either plated
immediately or sent to the laboratory in Pike's
medium (blood agar containing 1 in 1,000,000
crystal violet and 1 in 16,000 sodium azide). The
specimen is plated on blood agar and incubated at
37 °C anaerobically or under 5-10% DDJ, as
hemolysis develops better under these conditions.
Sheep blood agar is recommended for primary
isolarion because it 15 inhibitory for Haemophilus
haemolyticus, colonies of which may be confused
with those of hemolytic streptococci. Hemolytic
streptococei are grouped by the Lancefield
technique. The fluorescent antibody technique has
been employed for the rapid identification of group
A streptococci. A convenient method for the
wdentification of Str. pyogencs is based on Maxted's
observation that they are more sensitive to bacitracin

than other streprococci. A filter paper disc dipped

in a solution of bacitracin (1 unit/ml) is applied on
the surface of an inoculated blood agar. After
incubation, a wide zone of inhibition is seen with
Str. pyogenes but not with other streptococci.

Typing of Str. pyogenes is required only for
epidemiological purposes. If required, this may be
done by precipitation or agglutination.

Rapid diagnostic test kits for the detection of
streptococcal group A antigen from throat swabs
are available commercially. The tests can be
completed in 1-4 hours and are nearly as specific
as cultures, though less sensitive.

In rheumatic fever and glomerulonephritis, a
retrospective diagnosis of streptococcal infection
may be established by demonstrating high levels
of antibody to streptococcal toxins. The usual test
done is antistreprolysin O titration. ASO titres
higher than 200 are indicative of prior streptococcal
infection. High levels are usually found in acute
rheumatic fever but in glomerulonephritis, titres
are often low. Antideoxyribonucleaze B (anti-
DM Aase B) estimation is also commeonly employed.

Titres higher than 300 are taken as significant. Anti-
DNAase B and antihyaluronidase tests are very
useful for the retrospective diagnosis of streptococcal
pyoderma, for which ASO is of much less value.

The streptozyme test, a passive slide
hemagglutination test using erythrocytes sensitised
with a crude preparation of extracellular antigens
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of streptococei, is a convenient, sensitive and specific
screening test. [t becomes positive after nearly all
s of streptococcal infections, whether of the
throat or the skin.
Prophylaxis: The indication for prophylaxis in
streptococeal infection is only in the prevention of
rheumatic fever, This is achieved by a long-term
administration of penicillin in children who have
developed early signs of rheumatic fever. This
prevents streptococcal reinfection and further
damage to the heart. Antibiotic prophylaxis is not
useful for glomerulonephritis as this complication
follows a single streptococcal infection, and
reinfections do not occur.
Treatment: All beta hemolytic group A
streptococei are sensitive to penicillin G, and most
are sensitive to erythromycin. In patients allergic
o F:ni:il]in, E’I'}'th'l'ﬂm}"dl'l oar EEPI'IElEﬂiI'I ma]r I:H:
used. Strains resistant to erythromycin have been
reported. Tetracylines and sulphonamides are not
recommended. Antimicrobial drugs have no effect
on established glomerulonephnitis and rheamatic
fever.

OTHER HEMOLYTIC STREPTOCOCCI
Besides Str. pyogenes, streptococci belonging to
groups B, C, D, F, G and rarely H K, O and R
may also cause human infections.

Data from Streptococcal Reference Laboratories
in India (Lady Hardinge Medical College, New
Delhi; Christian Medical College, Vellore) showed
that while approximately 45 per cent of hemolytic
streptococcal isolates rested belong to group A, 10~
15 per cent belong to groups B and C each, about
25 per cent to group ‘G and 5 per cent to group F.

Grour B
These are important pathogens of cattle, producing
bovine mastitis (Ser. agalactiae). From the 1960s,
Group B streptococcus has assumed great clinical
importance as the single most common cause of
neonatal meningitis in the West. Infection in the

newborn is classified as the early onser type
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occurring within a week of birth, and the late onset
type developing between the second and twelfth
weeks of life. The more common early onset type
presents as septicemia, meningitis or pneumonia,
and is often fatal. Infection is acquired from the
maternal vagina during birth. In the late onset type,
infection 1s more often obtained from the
environment. Other Group B infections in neonares
include arthritis, osteomyelitis, conjunctivitis,
respiratory infections, peritonitis, omphalitiz and
endocarditis. Group B streptococel may also cause
adult infections, including puerperal sepsis and
pPRENMOnIA.

Their ability to hydrolyse hippurate acts as a
presumptive identification method. They may be
identified by the CAMP reaction (Christie, Atkins
and Munch=Peterson), which can be demonstrated
a5 an IEEI:I'.ItI.III‘“:d EONC ﬂr I'u:mnlr:siﬁ Whl:ﬂ .S!T.
agalactiae is inoculated perpendicular to a streak
of Staph. aureus grown on blood agar. Occasional
strains are bacitracin sensitive. Human pathogenic
Group B strains possess a polysaccharide capsule
which appears to confer virulence. Nine capsular

serotypes have been identified, antibodies to which
confer type specific protection.

Grour C
Streptococci of this group are predominantly ammal
pathogens and may be divided into four species
biochemically. Group C strains isolated from
human sources usually belong to Strep. equisimilis
species. It can cause upper respiratory infections,
as well as deep infections such as endocarditis,
ostcomyelitis, brain abscess, pneumonia and
puerperal sepsis. Strains are often tolerant o
penicillin and serious infections may not respond
to penicillin treatment. The addition of gentamicin
is recommended in serious cases. It resembles Str.
pyogenes in fermenting trehalose but differs in
fermenting ribose. It produces streptolysin O,
streptokinase (antigenically distinct from that
produced by Str. pyogenes) and other extracellular

substances. Str. equisimilis is the source of
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streptokinase used for thrombolytic therapy in
patients.

Grove F

These grow poorly on blood agar unless incubated
under CO,. They have been called the "minute
streptococci’. They are sometimes found in
suppurative lesions. One member of this group is
Streptococus MG which is an alpha lytic strain
i.EEI].E.tECI fl'l]]'l.'l CAsCs D"- Fr.ll.mﬂ.'[}' ﬂt}'PIIL'ﬂl Fﬂlﬂ.lmﬂﬂiﬂ.
Demonstration of agglutinins to Streprococcus MG
in sera of patients had been used as a diagnostic
test for primary atypical pneumonia.

Lrour G

These are commensals in the throats of human
beings, monkeys or dogs. They may occasionally
cause tonsillitis, endocarditis and urinary infections
in human hl:'lrLgs-

Grﬂupﬁ H and K sometimes cause infective
endocarditis.

Group O is isolated mainly from the healthy
human tl'.l.'l.'ﬂﬂt aml Ty Lakise acute tUI':I.EIIIEDI.E ﬂ.ﬂd
endocarditis.

Group R strains are natural pathogens of pigs.
They have been reported from occasional cases of
meningitis, septicemia and respiratory infection in
persons in contact with infected pigs or
contaminated meat.

Grovpr DD STREPTOOOET

These can be classified into two groups: (1) the
enterococcus group (enterococci or fecal
streptococci), which have been reclassified as a
separate genus called Enterococcus and containing
different species tor example, E. faecalis, E. faecium,
E. durans; and {2} the nonenterococeal group, for
example, Str. bovis, St equinus.

The enterococci possess several distinctive
teatures separating them from streptococci. These
mnclude their ability to grow in the presence of
40 per cent bile, 6.5 per cent sodium chlonde, at
pH 9.6, at 45 “°C and in 0.1 per cent methylene
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blue milk. On MacConkey's medium they produce
tiny deep pink colonies. They are relatively hear
resistant, Eu.t'!.r'wing 60 °C for 30 minutes,
Enterococei typically appear as pairs of oval cocc,
the cells in a pair arranged at an angle to each
other (Fig. 23.4). They are usually nonhemolytic,
though some strains may show alpha or beta
hemolysis.

The identification of enterococcus species is
made on biochemical grounds. E. faecalis is the
enterococcus most often isolared from human
sources. E. faecalis can be identified by its ability
to ferment mannitol, sucrose, sorbitol and assculin,
and to grow on tellurite blood agar producing black
colonies,

Enterococci are present in the intestine, genital
tract and saliva. They are frequently isolated from
cases of urinary tract infection and wound infection.
They may also cause endocarditis, infection of the
biliary tract, septicemnia, and intraabdominal abscess
complicating diverticulitis and peritonitis. Strains
resistant to penicillin and other annbiotics occur
ﬁ:quﬂﬂﬂ:ﬁ L it i‘E fmﬂﬁﬂl o P‘El'fﬂrm I.Tll.'lh'iﬂﬁ‘l:
sensitivity for proper therapy.

Nonenterncoccal species of group I {Ser. bovis,
Str. equinus) are generally susceptible to penicitlin
and are inhibited by 6.5 per cent sodiom chlonde
or bile. They may cause urinary infection or
endocarditis rarely.

THE
Thas group, fl::rm:rl}r called Su"-l:pracﬂcr:us viridans,
15 a miscellany of streptococei normally resident in
the mouth and upper respiratory tract, and typcally
producing greening (alpha lysis) on blood agar—
hence the name viridans,
Some of them may be nonlytic. They cannot be
categorised under the Lancefield antigenic groups.
However, based on sugar fermentation, cell wall
composition and production of dextrans and levans,
they have been classified into many species, for
example, Str. mitis, Str. mutans, Str. salivarius, Ser.
.'i.EI'.IS'I..II.'F.

YVirRiANg GGROUP
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positive violet coloured cocci in groups
{staphylococei). in chains (streptococci) and
phhmdaiﬁmnlinﬁ:u.hmﬂi}.ﬁlﬂh
show up pink stained,

Acid fast stain (Ziehl-Neelsen stain) of sputum. M. leprae: Ziehi-Neefsen stain of section of lepra nodule showing
The red rads are M. tubsrculosis, lepra cells and characteristic arrangement of lepra bacili.

L OPYTIGNIED MaiErta
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Yersinia pesfes. Smear from enlarged lymph gland Negri bodies in dog's brain in rabies (hippocampus
from a case of plague Leishman stain. : aof dog). Alcoholic #osin and methylene blue stain.
Characteristic bipolar staining.

Allantoic membrane showing Yanola pocks. Aliantoic membrane showing Vaccinia pocks, Mote
Clear cut and whita irreguiarity in shape and sire
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Fig. 23.4 Enterococcus. Oval cells arranged in pairs at
an angle, or in short chains.

They are ordinarily nonpathogenic but can on
occasion cause disease. In persons with preexisting
cardiac lesions, they may cause bacterial
endocarditis, Str. sanguis being most often
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responsible. Following tooth extraction or other
dental procedures, they cause transient bacteremia
and get implanted on damaged or prosthetic valves
or in & congemtally diseased heart, and grow to
form vegetations. Prophylactic antibiotic cover is
advisable in such persons before tooth extraction
or similar procedures. While viridans streptococci
are generally penicillin sensitive, some strains may
be resistant. It 1s therefore essential that in
endocarditis, the causative strain 15 isolated and its
antibiotic sensitivity determined so that appropriate
antibiotics in adequate bactericidal concentration
can be employed for treatment.

Str. mutans (so called because 1t assumes a
bacillary form in acid environments) is important
in the causation of dental caries, It breaks down
dietary sucrose, producing acid and a tough
adhesive dextran. The acid damages dentine and
the dextrans bind together tood debris, epithelial
cells, mucus and bactena to form dental plagues,
which lead to caries. Experimental caries in -
monkeys has been prevented by a Str. mutans
vaccine, but its extention to human use is fraught
with problems.

Further Reading
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diplococcus, formerly classified as Diplococcus
pneumomiae, has been reclassified as Str.
prneumoniae because of its genetic relatedness to
streptococcus. Pneumococcus differs from other
51::rl:|:rtm:n:|!i c]‘nicﬂ}' in its mnrphnlug}r, bile
solubility, optochin sensitivity and possession of a
specific polysaccharide capsule. Pneumococci are
normal inhabitants of the human upper respiratory
tract. They are the single most prevalent bacterial
agent in pneumnonia and in otitis media in children.
They can also cause sinusitis, bronchitis, infections
bacteremia, meningitis and other infections,
Pneumococer were first noticed in 1881 by
Pasteur and Sternberg independently. They
produced a fatal sepricernia in rabbits by inoculating
human saliva and isolated pneumococar from the
blood of the animals. But the relationship between

Fig. 24.1 Pneumococci in pus

Pneumococcus
(Diplococcus pneumoniae: Str. pneumoniae)

Pntumm:m.‘-l:i d.r.ld. Pﬂ:ul'l'.lﬂ]'llli WS EEtﬂh]iEhﬂEl {.Il'.ll}"
later by Fraenkel and Weichselbaum independently
in 1886.

Morphology: Pneumococci are typically small
(1 pm), slightly elongated cocci, with one end broad
or rounded and the other Fnintn:l, Fr:ﬂ:ntin.ga flame
shaped or lanceolate appearance. They occur in
pairs (diplococei), with the broad ends in
apposition, the long axis of the coccus parallel to
the line joining the two cocci in a pair. They are
capsulated, the capsule enclosing each pair. The
capsules are best seen in material taken directly from
exudates and may be lost on repeated cultivation.
In culture, the typical morphology may not be
apparent and the coccl are more rounded, tending
to occur in short chains. They are nonmotile and
NONSpoTing,

They are readily stained with aniline dyes and

are Gram positive. The capsule may be
demonstrated as a clear halo in Indian ink
preparations or may be stained directly by special
techniques.
Cultural characteristics: Pneumococei have
complex growth requirements and grow only in
enriched media. They are aerobes and facultative
anaerobes, the optimum temperature being 37 °C
(range 25-42 °C) and pH 7.8 (range 6.5-8.3).
Growth is improved by 5-10% CO,

On blood agar, after incubation for 18 hours,
the colonies are small (0.5-1 mm), dome shaped
and glistening, with an area of green discoloration
(alpha hemolysis) around them, resembling
colonies of Str. vinidans, On further incubation the
colonies become flar with raised edges and central
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umbonation, so that concentric rings are seen on
the surface when viewed from above (draughtsman
Or carrom coin appearance). Some strains that
develop abundant capsular matenal (types 3 and 7)
form large mucoid colonies.

Under anaerobic conditions, colonies on blood

agar are surrounded by a zone of beta hemolysis
due to oxygen labile hemolysin O. In liquid media
such as glucose broth, growth occurs as uniform
turbidity. The cocci readily undergo autolysis in
cultures due to the activity of intracellular enzymes.
Autolysis is enhanced by bile salts, sodium lauryl
sulphate and other surface active agents. Heat killed
cultures do not undergo autolysis.
Biochemical reactions: Pneumococci ferment
several sugars, forming acid only. Fermentation is
tested in Hiss's serum water or serum agar slopes.
Fermentanion of inulin by pneumecoce is a useful
test for differentiating them from streptococci as
the latter do not ferment it

Pneumococei are bile soluble. If a few drops of
10% sodium deoxycholate solution are added to
1 ml of an overnight broth culture, the culture clears
due to the |:|.r*5'|u of the coccl. Mt:nur'n':ly, ifa In{:pﬁ.ll
of 10% deoxycholate solution is placed on a
pneumococcus colony on blood agar the colony
lyses within a few minutes. Bile solubility is a
constant property of pneumococci and hence is of
diagnostic importance. The bile solubility test is
based on the presence in the pneumococci of an
autolytic amidase that cleaves the bond between
alanine and muramic acid in the peptidoglycan. The
amidase is activated by surface active agents such
as bile or bile salts, resulting in lysis of the
organisms. [he test should be carnied out at neutral
pH using deoxycholate and live young cells in saline
SUSPENSION.

Pneumococc are catalase and oxidase negative.
Resistance: Pneumococd are delicate organisms
and are readily destroyed by heat (thermal death
point 52 °C for 15 minutes) and antiseptics. In
cultures, they die on prolonged incubation, perhaps
due to an accumulation of toxic peroxides. Strains
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Fig. 24.2 Pneumococci. Indian ink preparation to
show capsules.

may be maintained on semisolid blood agar or by
lyophilisanon.

They are sensitive to most antibiotics, beta
lactams being the drugs of choice. Almost all strains
were sensitive to (.05 mg penicillin till 1967, when
resistant strains began to appear. The resistance may
be intermediate (MIC 1 pg) or high (2 pg or more)
and due to mutation or gene transfer. The mode of
resistance is not production of beta lactamase, but
alteration in the penicillin binding proteins on the
bacterial surface. Such strains are also resistant to
multiple drugs. A drug resistant Strep. pneumoniae
(DRSP) strain onginating in Spain has spread to
most parts of the world posing problems in
treament.

The sensitivity of pneumococa to optochin
(ethyl hydrocuprein) 1/500,000 is useful in
differentiating them from streptococei. When a dise
impregnated with optochin is applied on a plate of
blood agar inoculated with preumococci, a wide
zone of inhibition appears on incubation,
Antigenic properties: The most important
antigen of the pneumococcus is the type specific
capsular polysaccharide. As this polysaccharide
diffuses into the culture medium or infective
exudates and tssues, it is also called the *specific
soluble substance’ (555). Pneumococci are

-
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classified into types based on the antigenic narure
of the capsular polysaccharide. Pneumococci
isolated from lobar pneumonia were originally
classified into three types, I, II and III, and a
heterogeneous group IV. Members of group IV
were later classified into types, and now more than
90 different serotypes are recognised, named 1, 2,
3, and so on.

Typing may be carried out by (1) agglutination
of the cocci with the type specific antiserum;
(2) precipitation of the 555 with the specific serum;
or (3) by the capsule swelling reaction described
by Neufeld (1902). In the capsule swelling or
‘quellung’ reaction (quellung = swelling), a
suspension of pneumococci is mixed on a slide with
a drop of the type specific antiserum and a loopful
of methylene blue solution. In the presence of the
homologous antiserum, the capsule becomes
apparently swollen, sharply delineated and refractile.
The quellung test can be done directly with sputum
from acute pneumonia cases. It used to be a routine
bedside procedure in the past when the specific
antiserum was used for the treatment of pneumonia.

The antigenicity of the capsular polysaccharide
varies in different species. It is antigenic in human
beings and rabbits. But in mice, large doses
(500 pg) induce no immunological response
(immunological paralysis), while small doses
(0.5 pg) are antigenic.

Pneumococci  contain other antigens also—
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a nucleoprotein deep inside the cell and a somatic
‘C’ carbohydrate antigen, both of which are species
specific. -

An abnormal protein (beta globulin) that

precipitates with the somatic ‘C' antigen of
pneumococci, appears in the acute phase sera of
cases of pneumonia but disappears during
convalescence. It also occurs in some other
pathological conditions. This is known as the *C-
reactive protein’ (CRF). Its apparent antibody-like
r:laﬁnn o tlh: E1 mtlEEEI'.I. DfPﬂﬂJIﬂmLIE 55 'ﬂl'.ll',’
tortuitous. [t is not an antibody produced as a result
of pneumococcal infection. It is an ‘acute phase’
substance, produced in hepatocytes. Its production
is stimulated by bacterial infections, inflammation,
malignancies and tissue destruction. It disappears
when the inflammatory reactions subside. CRP is
used as an index of response to treatment in
rheumatic fever and certain other conditions. CRP
testing, by passive agglutination using latex particles
coated with anti-CRP antibody is a routine
diagnostic procedure.
Variation: On repeated subculture, pneumocoeci
undergo a smooth-to-rough (5—R) variation. In the
R form, the colonies are rough and the coeci are
noncapsulated, autoagglutinable and avirulent. R
forms arise as spontaneous mutants and outgrow
the parental S forms in artificial culture; in tissues,
such R mutants are eliminated by phagocytosis.

Rough pneumococa denved from capsulated

Fig. 24.3 Draughtsman appearance of pneumococcus colonies. Left: View from above 1o show concentric

rings. Right: side view in cross section.
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cells of one serotype may be made to produce
CﬂFﬁulEE liJ-I'- tl'.H.' BAINES O 'I:Iiﬂ:-E'I.'ETIt EEID".}"PL'Er on
treatment with DNA from the respective serotypes
of pneumococei. This transformation, which may
be demonstrated in vivo or in vitro, was discovered
by Griffith (1928) and 1s of considerable historical
interest as the first demonstration of genetic
exchange of information in bacteria.

loxins and other wirulence factors:
Prneumococel produce an oxygen labile hemolysin
and a leucocidin but these are weak and make no
contribution to virulence. The virulence of
pneumococct depends on its capsule and the
pmrjuctinn of a toxin called pneumolysin. The
capsular polysacchande, because of its acidic and
hydrophilic properties, protects the cocci from
phagocytosis. Capsulated pneumococel are not
phagocytosed efficiently in fluid media or exudates.
They are however, susceptible to ‘surface
phagocytosis’, being engulfed against a firm surface,
such as fibrin clot or epithelium,

The enhanced virulence of type 3 pneumococcus
is due to the abundance of its capsular material.
Noncapsulated strains are avirulent. The antibody
to the capsular polysaccharide affords protection
against infection,

Pneumolysin, a membrane damaging toxin
produced by pneumococci has cytotoxic and
complement activating properties and so may be a
virulence factor. It is immunogenic. Pneumolysin
negative mutants show reduced virulence in
experimental animals. Pneumococeal autolysins, by
releasing bacterial components in infected tissues
may also contribute to virulence.
Pathogenicity: Experimentally, fatal infection
can be produced in mice or rabbirs by intraperitoneal
inoculation of pneamococcl. Death oceurs in 1-3
days, and pneumococci can be demonstrated in large
numbers in the Fn::rirun:al exudate and heart blood.

Pneumococei colonise the human nasopharynx
and may cause infection of the middle ear, paranasal
sinuses and respiratory tract by direct spread.
Infection of the meninges can also occur, by
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contiguity or through blood. Pneumococcal
h-actcrr.mia may E]EI'J ]C‘.EJEI i liIIE-fE.TIt i]'lﬁ:l:tlll'_'l!'li a5 ;]1
the heart, peritoneum or joints. Infecrion is
commonly endogenous, but exogenous infection may
also occur, especially with highly virulent strains.

The commonest pneumnococcal infections are
otitis media and sinusitis. Prior respiratory infection
or allergy causing congestion and blockage
predispose to these conditions. Serotypes 6, 14, 19F
.E.I'I:d EEF drc Eummnnl}r EI'.IEHIJEII'I:I'EL‘I. 'i!'l TI'II:!-H:
conditions, in the West.

PﬂﬂumUEﬂCEi Al OTiE Uf tJ.'Il." mast Commion
bacteria cawsing pneumonia, both lobar and
bronchopneumonia. T]'u::,-' also cause acute
tracheobronchitis and empyema.

Aspiration of nasopharyngeal secretions
containing poeumnococa into the lower respiratory
tract is 4 common event and may occur even in
‘.iIEﬁ'P. H'i}m':lﬂl ]"I'Il.'l'i.'ﬂ!iﬂl dEf:TIEE ITI.EI:I'.IH.I'IiEITI:i !'il.l'i.']'l
as entrapment, expulsion and the cough reflex, aided
by the ciliary escalator effect prevent establishment
of infection. When the normal defences are
compromised by viral infection, anesthesia, chifling
or other factors, pneumococci nultiply, penetrate
the bronchial mucosa and spread through the lung
ah:mg p:ribrunchial tissues and ]}rmphaticﬁ.
Bacteremia is common during the carly stage of
lobar preumoma. Toxemia is due to the diffusion
of the capsular polysacchande into the blood and
tissues. The fall of remperatare by crisis and relief
of symptoms coincide with the neutralisation of
the 555 by anticapsular antibodies.

In adults, types 1-8 are responsible for about
75 per cent of cases of pneumococcal pneamonia
and for more than 50 per cent of all fatalities due
to pneumococcal bacteremia. In children, types 6,
14, 19 and 23 are frequent causes.

Bronchopneumonia is almost always a secondary
infection. This may be caused by any serotype of
pneumococcus. he damage to the respiratory
epithelium and excessive bronchial secretions
caused by the primary infection facilitate the
invasion of pneumococe along the bronchial tree.
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Bronchopneumonia is frequently a terminal event
in aged and debilitated patients.

PTI.CUITID'ED'EEi are cummunl}' -Hl:iﬂ.'ﬂ:i.ﬂtﬂd wil'h I'J'Il:‘:
acute exacerbations in chronic bronchitis. The
copious respiratory secretions in chronic bronchitis
aid pneumococcal invasion. Another bacterium
commonly associated with this condition 1s
Haemophilus influenzae.

Meningitis is the most serious of pneumococcal
infections. It is usuvally secondary to other
preumococcal infections such as pneumonia, otitis
media, sinusitis or conjunctivitis but in a proportion
of cases, other foci of infection may not be
demonstrable. Pneumococcal meningitis occurs at
all aAges. Untreated cases are almost inw:.rlabllr fatal.
Even with antibiotic therapy, the case fatality rate
15 about 25 per cent.

Pneumococci may also produce suppurative

lesions in other parts of the hud_',' = empyema,
pericarditis, ofitis media, sinusitis, conjunctivies,
suppurative arthritis and peritonitis, usually as
complications of pneumonia.
Epidemiology: MNatural infection with
preumococci has been reported in some species of
animals such as guinea pigs but they have little
relation to human disease. The source of human
infection is the respiratory tract of carriers and less
often, ufpll;i:ntﬁ- Prieumococa oceur 1o the throat
of approximately half the population sampled at
any one time. They are transmitted from one to
another by fingers or by inhalation of contaminated
droplets or droplet nuclei. Dissemination is
facilitated by crowding.

Infection wsually leads only to pharyngeal
carriage. Disease results only when the host
n:EiEl:lIH:l: I|E- Iﬂ\'ﬂ:rﬂd h}' Euntrihut{:l}r fm‘.‘tr.:r‘s Fle'I.
as respiratory viral infections, pulmonary
congestion, stress, malnutrition, immunodeficiency
or alcoholism. Splenectomy and sickle cell discase
are important predisposing conditions.

Pneumococcal serotypes vary greatly in
virulence. The case fatality rates of pneumomia
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may vary according to the virulence of the infecting
serotype. Type 3 is the most virulent.

Lobar pneumomia is usually a sporadic disease
but epidemics may occur among closed communities
as im army camps. The incidence of
bronchopneumonia increases when an epidemic of
influenza or other viral infection of the respiratory
tract occurs, Cases are more common in winter and
affect the two extreme age groups more often.
Laboratory diagnosis: The clinical diagnosis
of pneumonia is easy but as the disease may be
caused by several different microorganisms,
etiological diagnosis should be made by laboratory
tests. This is of great importance in treatment.

In the acute Fh.a_u': of lobar ]:ml.'umunia, the
rusty sputum confains pneumococci in large
numbers, with hardly any other kind of bacterium.
They may be demonstrated by Gram stain. In the
preantibiotic era, direct serotyping of pneumococci
in wet films of sputum by the quellung test was a
routine bedside test because success of treatment
depended on administering the specific antiserum.
In later stages of the discase, pneumococci are less
abundant.

The sputum, after homogenisation if necessary,
15 noculated on blood agar plates and incubated at
37 °C under 510 per cent CO,. Growth occurs
after mrcmiEht mncubation. Where sputum 15 not
available, as in infants, serum-coated laryngeal swabs
may be used for culture, Isolation from respiratory
secretions is facilitated by using blood agar
containing gentamicin 5 pg/ml

From specimens where pneumococci are
expected to be scanty, isolation may be obtained by
intraperitoneal inoculation in mice, even if cultures
are m:gnrivt. Inoculated mice die in 1-3 da_'ﬁ,, and
pneumococci may be demonstrated in the peritoneal
exudate and heart blood. The test may be negative
with occasional strains thar are avirulent for mice
(type 14 strains).

In the acute stage of pneurnonia, the organism
may be obtained from blood culture in glucose
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Table 24.1 Ditferentiation between Sir. pneumonige and Sir. viridans.

Str. pneumonise

Str. viridans

Ma:rr]:rhnlng}r Capsulared, lanceolate Noncapsulated, oval
diplococc or round cells in chains

Quellung test Positive MNegative

Colonies Initially dome-shaped, Dome-shaped
later,'draughtsman’ colonies

Growth in liquid media Uniform turbidity Granular turbidity,

powdery deposit

Bile solubiliry Invariably positive Invariably negative

Inulin fermentation Positive Negative

Optochin sensitivity Positive Negative

Intraperitoneal inoculation Fatal infection Nonpathogenic

in mice

broth. lsolation of pneumococci from blood
indicates bad prognosis.

In acute otitis media pneumococci may be
demonstrated in the fluid aspirated from the middle
ear.

In case of meningitis, presumptive diagnosis
may be made from Gram stained films of CSF. Gram
positive diplococci can be seen both inside the
Pﬂl'}'mﬂfp]’li II'I'I:I. l:xtrac:nullrl}r. Diﬂgl’lﬂ-iii 15
confirmed by culture. In cases which are negative
by culture, it may be possible to establish the
diagnosis by demonstrating the 555 in CSF by
precipitation with antisera.

Capsular polysaccharide can be demonstrated
in the blood, urine and cerebrospinal fluid by
counterimmunoelectrophoresis, Antibodies can be
demonstrated by agglutination, precipitation, mouse
protection tests and bactericidal tests with whole
blood. Indirect hemagglutination, indirect FA rest
and radioimmunoassay have been employed.
Prophvlaxis: Immunity is type specific and
associated with antibedy to the capsular

polysaccharide. The existence of some 90 serotypes
makes a complete polyvalent vaccine impracticable.
A polyvalent polysaccharide vaccine representing
the capsular antigens of 23 most prevalent serotypes
has been stated to give 80-90 per cent protection.
It is not meant for general use, but only in persons
at enhanced risk of pneumococcal infection such
as those with absent or dysfunctional spleen, sickle
cell disease, coeliac disease, chromic renal, lung,
heart and liver diseases, diabetes mellitus and
immunodeficiencies including HIV infection. It is
not recommended in children under two years of
and immunosuppressive therapy.

Treatment: The antibiotic of choice is pm::mc:a]
penicillin in serious cases and amootycillin in malder
ones, provided the infecting strain is penicillin sensitive.
Many penicillin resistant strains are also resistant to
other antibionics like erythromycin and retracycline.
A third generation cephalosporin is indicated in such
cases, Vancomycin is to be reserved for life threatening
illnesses with highly resistant strains.

Further Reading
American Academy of Pediatrics. 1997. Therapy for children with imvasive pneumococcal infection, Pediatrics 99:289,
Jacobs MR and PC Applcbaum 1995, Antibiotic resistant pneumococs, Rev Med Microbiol 6:77.
Teomancn EI ct al, 1995, Pathogenesis of preumococcal infection. New Engl [ Med 332:1280.

Pepys MB. 2001, The renaissance of c-reactive protein. BM]. 322 : 4.
Quie PG er al. 1981. Symposium on the Pneumococcus. Rev Infect Dis 3:183.



Neisseria

The genus Neisseria consists of Gram negative
aerobic nonsporulating, nonmotile, oxidase positive
cocci typically arranged in pairs (diplocoeci).
Besides the two important pathogens, N.
meningitidis and N. gonorrhoeae, the genus
contains many other species such as N. lactamica
that oceur as commensals in the mouth or the upper

respiratory tract.
NEISSERIA MENINGITIDIS

{Meningococeus; Diplococcus intracellularis
meningitidis) Meningococcus was first described
and isolated in 1887 by Weichselbaum from the
spinal fluid of a patient.

N.meningitidis causes meningecoccal
meningitis (formerly also known as cerebrospinal
fever) which may occur sporadically, as localised
outbreaks or as epidernics, and also septicemia.
Morphology: Meningococct are Gram negative
oval or spherical cocci 0.6—0.8 gm in size,
typically arranged in pairs, with the adjacent sides
flartened (Fig. 25.1). The long axis of the coccus is
at right angles to a line joining the two coccl in
a pair, Congiderable variations occur in size,
shape and staining properties, especially in older
cultures, due to autolysis. In smears from lesions,
the cocci are more regular and generally
intracellular. They are nonmotile. Most fresh
isolates are capsulated.

Cultural characteristies: Meningococci
have exacting growth requirements and do not grow
on ordinary media. Growth eccurs on media
enriched with blood, serum or ascitic fluid, which
promote growth by neutralising certain inhibiting

Fig. 25.1 Meningococcus in cerebrosping fuld. Inset
- enlarged view to show flal adjzcen! sides of the
cocei.

substances in culture media rather than by providing

additional nutritional needs.

They are strict aerobes, no growth occurring
anaerobically. The optimum temperature for growth
is 35-36 °C. No growth takes place below 30 *C.
Optmum pH s 7.4-7.6. Growth 1s facilitated by
5-10 per cent CO), and high humidity.

On solid media, after incubation for 24 hours,
the colonies are small (about 1 mm in diameter)
translucent, round, convex, bluish grey, with a
smooth glistening surface and with entire edges.
The colonies are typically lenticular in shape,
butyrous in consistency and easily emulsifiable.
Weak hemolysis occurs on blood agar. Smooth and
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rough types of colonies are found. Growth is poor
in liquid media, producing a granular turbidity with
litele or no surface growth.

Blood agar, checolate agar and Mueller—Hinton
starch casein hydrolysate agar are the media
cummunl}: used for culturEnE MENINEOEoccl.
Modified Thayer=Martin (with vancomycin,
E{?Illiti.l'l ETII'j. I'L:r’!'i-tﬂ.tin:] lI5- d l.lﬁ-tFLI.I E'EII:LT'.i\-'E I'I"I.I:d;l.'l.ﬂ'l
Biochemieal reactions: They are catalase and
oxidase positive. The prompt oxidase reaction helps
the identificanion of neisseria (both meningococcus
and gonococeus) in mixed cultures. When freshly
prepared 1% solution of oxidase reagent (tetramethyl
paraphenylene diamine hydrochloride) is poured
on the cultare media, the neisseria colomes mirn
deep purple. Subcultures should be made
immediately, as the organism dies on Fminngl:d
exposure to the reagent. The test may also be
performed by rubbing a little of the growth with a
loop on a strip of filter paper moistened with the
oxidase reagent (Kovac's method). A deep purple
colour appears immediarely.

Indole and hydrogen sulphide are not produced
and nitrates are not reduced. Gluscose and maltose
are utilised, but not sucrose or lactose, producing
acid but no gas (gonococcl acdify glucose but not
maltose). And formation h}' neisseriae 15 weak,
being oxidative and therefore best tested on peptone
serum agar slopes containing the sugar and
indicator,

Antigenic properties and classification:
Meningococct are capsulated, unlike other
neisseriae. Based on their capsular polysaccanide
antigens, MENINZocece are classified into at least
13 serogroups, of which Groups A, B and C are
the most important. Group A is usually associated
with epidemics and Group C mostly with localised
outbreaks, while Group B causes both epidemics
and outbreaks, Groups 29-E, W-135 and Y also
frequently cause meningitis, Any serogroup may
colonise the nasopharynx, but these six groups
aceount for the large majority of meningitis.
Serogroups are further classified into serotypes and
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subtypes based on outer membrane proteins and
polysaccharides.

Hesistance: Meningococci are very delicare
organisms, being highly susceptible to heat,
dessication, alterations in FH and to disinfectants.
Th:}r wWere unifﬂrml}r sensihve to pl:nin;i].lin and
other antibiotics, but resistant strains have emerged
I.T'id hﬂi.'l:]m: COMTIETILN iTI. I.Tlﬂ.ﬂ}" Areis.
Pathogenietty: Cerebrospinal meningitis and
meningococcal septicermia are the two main types
of memingococeal disease, Meningocoeer are strict
human parasites inhabiting the nasopharynx.
Infection is usually asymptomatic. In some, local
inflammation ensues, with rhimits and Pha.r}ngitis.
Ihssernination occurs only in a small proportion.

The manner in which the coca spr:ad from
tl'l.l: ﬂBS-ﬂ-PhII_lf"I'.II to t]'l.ﬂ ]T.It'TIi!'Lgﬁ I.'I'.Iﬂ.r'lf' I'.H: Iiiﬂ:l:tl:!."
along the perineural sheath of the olfactory nerve,
through the cribriform plate to the subarachnoid
space, or more probably, through the bloodstream.
In certain cases the site of entry of the
meningococcus may be the conjunctiva, Cases of
meningococcal purulent conjuncrivitis occur. On
reaching the central nervous system, a suppurative
lesion of the meninges is set up, involving the surface
of the spinal cord as well as the base and cortex of
the brain. The cocar are invariably found in the
spinal fluid, both free and within the leucocytes.
Case fatality is variable but in untreated cases may
be as high as B0 per cent. Survivors may have
sequelae such as blindness and deafness. Some cases
develop chronic or recurrent meningitis,

Meningococcemia presents-as acute fever with
chills, malaise and prostration. T:,'pil::ll}' a ]:'H:IZ-I:E]'IiIl
rash occurs early in the disease. Meningococci may
be isolated from the petechial lesions. Metastatic
involvement of the joints, ears, eyes, lungs and
.E.IﬂII:I'.IE.IE !'I'.IH.}' OCCUE. ﬁl.buul: 1':' Fl:r cent d:"n’flUP
PRELMONI.

A few develop fulminant meningococcemia
(formerly called Waterhouse—Friderichsen
syndrome) which is an overwhelming and uwsually
fatal condition, characterised by shock, disseminated
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intravascular coagulation and multisystem failure.
Rarely chronic meningococcemia may be seen.
Meningococcal disease is favoured by deficiency
of the terminal complement components (C5-C9).

The pathogenic agent in meningococcal disease
appears to be the endotoxin (LPS) released by
autolysis. The vascular endothelium is particularly
sensitive to the endotoxin, All major inflammatory
cascade systems as well as cytokines and nitric oxide
are triggered and upregulated. In fulminant cases
adrenal hemorrhage and profound shock are
present.

Namral infection is limired to human beings.

Intraspinal inoculation of large numbers of cocei
may produce a picture of meningitis in monkeys.
Intraperitoneal inoculation of the cocci suspended
in hog gastric mucin brings abour a faral infeenion
in mice.
Epilii:niiulugyz The human nas-;:-]::har}m iz the
only reservoir of the meningococcus. Asymptomatic
nasopharyngeal carriers rarely contract the illness
but serve to infect their contacts. Transmission is
essentially by airborne droplets or less often by
fomites. During interepidemic periods, the carrier
rate s about 5-10 per cent. An increase in carrier
rate heralds the onset of an epidemic. During
epidemics the carrier rates in closed commumities
may go up to 9 per cent. Meningins is common
in children between 3 months and 5 years of age.
Epidemics usually occur in semiclosed commumities
]iving in crowded conditions, as in jails and E;]'I.il_'lﬁ
formerly, and in army camps in recent times.

Prevalance of meningitis is highest in the

‘meningitis belr of Africa’ stretching from Ethiopia
to Sencgal. Frequent epidemics have occurred here.
One of the largest was in 1996, when 150,000 cases
and 15,000 deaths were reported.
Laboratory diagnosis: The primary agents
causing purulent bacterial meningitis are
m:ningm:ucci, PHEUMOCcOCcl and Ha:mnphi}us
influenzae type b. Other important causative agents
are group B streprococci, staphylococei, Escherichia
coli and Listeria monocytogenes.
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It is necessary to establish the specific etiology in
purulent meningitis for proper treatment. In
meningococcal meningitis, the cocc are present in
large numbers in the spinal fluid and, in the early
stage, in the blood as well. Demonstration of
meningococct in the nasopharynx helps in the
detection of carriers.

1. Examunation of C5F: The fluid will be under
pressure and turbid, with a large number of pus
cells. For bacteriological examination, if a
sufficient quantity is available, the CS5F is
divided into three portions. One portion is
centrifuged and Gram stained smears are
prepared from the deposit. Meningococe will
be seen mainly inside polymorphs but often
extracellularly also. This presumptive diagnosis
iz sufficient to start antibiotic treatment. The
supernatent will contain meningococcal antigen,
which may be demonstrated by latex
agglutination or countenimmunoclectrophoresis
using meningococcal antisera, Simalar tests are
also available for pneumococcus, H. influenzae
type b and Group B streptococcus antigens.
Antigen detection is particularly useful in
partially treated patients in whom smear and
culture tests may be negative. The second
FI{J-'['[IIIZJ-TI I'.Jf tl.'!l:' CSF IIE il'.lﬂ'EIJ].E.tl:d on hlﬂﬂd
agrar or chocolate agar plates and incubated at
35-36 °C under 5-10%. Cﬂ;. Colonies appear
after 18-24 hours and may be identified by
morphology and biochemical reactions. It is
important to remember that morphologically
similar organisms such as N, flavescens, N, flava
and Acinetobacter may also cause purulent
meningitis occasionally. The isolated
meningococcus may be grouped, if required, by
agglutination with the appropriate sera. The
third portion of C5F is incubated overnight,
either as it 15 or after adding an equal volume of
glucose broth and then subcultured on
chocolate agar. This method may sometimes
succeed where direct plating fails.

2. ”IIH-IH_!- ru.l‘rur’-:_'.' ll'.l m:ni.ngmutcmiu I.THJ i:l'l I:H.r].].-'
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cascs of meningitis, blood culture is often

positive. Cultures should be incubated for 4-7

days, with daily subcultures. Meningococcal

antigens can be found in the blood in active
disease.

3. Nasopharvngeal swab: This is useful for the
detection of carriers. Sampling should be done
without contamination with saliva. The swab
should be held in a suitable transport medium
(for example, Stuart’s) all it is plated.

4. Petechial lesions: Meningococei may
sometimes be demonstrated in petechial lesions
by microscopy and culture,

5. Auropsy: At autopsy, specimens may be collected
from the meninges, lateral ventricles or the
surface of the brain and spinal cord for smear
and culture. Meningococer may die if specimens
are not collected within rtwelve hours of the
death of the panent.

B. R:n'n.up:rn'w evidence: Retrns-pe:-:l.i.ve evidence
of memngococcal infection may be obtained by
detection of antibodies.

7. Molecular diagnosis: Group specific diagnosis
of infection can be made by detection of
meningococcal DNA sequence in CSF or blood
by PCR amplifications.

Treatment: Prompt treatment is essential to

ensure recovery without sequelae, Sulphonamides,

once the mainstay, are not used now due to
widespread resistance. Intravenous penicillin G is
the treatment of choice. Chloramphenicol is equally
effective. One of the later cephalosporins

(ceftriaxone, ceftazidime) may be used for the

initiation of treatrment before the etiology of

meningitis is known,

After the initial course of treatment, eradicative
therapy is to be given with ritampicin or
ciprofloxacin to free the nasopharynx of the cocci
and prevent carrier state.

Prophylaxis: Sulphonamides are not effecrive

due to resistance. Penicillin is unable to eradicate

the carrier state. Rifampicin or ciprofloxacin is
recommended for chemoprophylaas. As attack rares
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are very high in the household or close contacts of
meningococcal patients, they should be provided
with chemoprophylaxis.

Monovalent and polyvalent vaccines are available
containing the capsular polysaccharides of groups
A, C, W-135 and Y. The vaccines induce good
immunity after a single dose in older children and
adults but are of little value in children below
3 vears. The immunity is group specific. There is
no Group B vaccine available at present.

NEISSERIA GONORRHOEAE (GONOCOCCUS)

N. gonorrhoeae causes the venereal disease
gonorrhea. The gonococcus was first described in
gonorrheal pus by Neisser in 1879, Bumm in 1885
cultured the coccus and proved its pathogenicity
by inoculating human volunteers. Gonococa
resemble meningocoeci very closely in many
properties.
Morphology: In smears from the urethral
discharge in acute gonorrhea, the organism appears
as a diplococcus with the adjacent sides concave,
being typically kidney-shaped. It is found
predominantly within the polymorphs, some cells
containing as many as a hundred cocci.

Gonococei possess pili on their surface. Pili
facilitate adhesion of the cocel to mucosal surfaces
and promote virulence by inhibiting phagocytosis.
Piliated gonococci agglutinate human red blood
cells but not red cells from other mammals. The
hemagglutination is not inhibited by mannose.
Cultural characteristics: Gonococci are
more difficult to grow than meningococa. They
are aerobic but may grow anaerobically also.
Growth occurs best at PH 7.2-7.6 and at a
temperature of 35-36 “C. It is essential to provide
5-10% CO.. They grow well on checolate agar
and Mueller—Hinton agar. A popular selective
medium is the Thayer—Martin medium (containing
vancomycin, colistin and nystatin) which inhibits
most contaminants including nonpathogenic
neisseria.

Colonies are small, round, translucent, convex
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or slightly umbonate, with finely granular surface
and lobate margins. They are soft and easily
emulsifiable.

Four types of colonies have been recognised -
T1toT4. Types 1 and 2 form small brown colonies.
The cocel are pili.at:d, auma.g_{]uﬁmhlt and virulent.
Types 3 and 4 form larger, granular, nonpigmented
colonies. T3 and T4 cocci are nonpiliated, form
smooth suspensions and are avirulent. Fresh isolares
from acute cases of gonorrhea generally form T1
and T2 colonies. On senal subculture, ‘l‘]‘ll:}" chang-l:
to T3 or T4 colonial morphology. T1 and T2 types
are also known as P and P*°, respectively, while
T3 and T4 are known as P,

Biochemical reactions: Goenococel resemble
meningococci except in the effect on maltose.
Gonococed acidify only glucose and not maltose.
Antigenic (Gonococer  are
antigenically heterogeneous. They are capable of
changing their surface structures in vitro. They
probably do so in vivo as well, to avoid host defence.
The surface structures include the following:

Pili which are hairlike structures several
micrometres long, act as virulence factors by
promoting attachment to host cells and inhibiting
phagocytosis. Pili are composed of repeating peptide
subunits {pilins) consisting of conserved (constant)
and variable regions. Pili undergo antigenic and
],'I!'Iﬂjl: varation.

The trilaminar ourer membrane of gonococc
contains many different proteins. Protein [ is the
major constituent and shows antigenic diversity,
which helps in typing gonococcal strains. Protein |
of a single strain is antigenically constant, though
it shows considerable heterogeneity between
different strains. There are two variants of protein 1,
called 1A and IB. Any one strain carries only either
LA or 1B but not bath. Using monoclonal antibodies
to protein | epitopes, gonococct can be classified
into several serovars, Al to 24 and Bl 1o 32,

Proteins I and III act as ligands arraching the
coccus to the host cells, Thc:.-' also form
transmembrane channels (porins) which play a role

properiies:
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in the exchange of molecules across the outer
membrane.

Protein II is related to the opacity of the
gonococeal colonies and so is called the ‘opacity
associated’ {(OPA) outer membrane protein. Strains
with the OPA protein form opaque colonies and
those ]al;king it transparent colonies, A stran may
express 0 to 3 serological varieties of the OPA
protein at a time. OPA may be responsible for
attachment to the host cells and also for the
clumping of cocc seen in urethral exudate smears.

The outer membrane also contains
lipopolysaccharide {endotoxin} which may be
responsible for the tosacity 1n gonococcal infections.
Man}r other proteins of Fmr]:f defined roles in
pathogenicity have been described. Both gonococa
and meningococci elaborate [gAl protease that
splits and inactivares IgA.

Resistance: The gonococcus is a very delicate
organism, readily killed by heat, drying and
antiseptics. It is a strict parasite and dies in 1-2
hours in exudates outside the body.

In cultures, the coccus dies in 3—4 days but survives
in slant cultures ar 35 “C if kept under sterile paraffin
oil. Cultures may be stored for years if frozen
quickly and left at =70 *C.

Pathogenicity: Gonorrhea is a venercal disease
which has been known from ancient times. The
name gonorrhea (meaning, flow of seed) was first
employed by Galen in 130 AD.

The disease is acquired by sexual contact. The
first step in infection is adhesion of gonococci to
the urethra or other mucosal surfaces. Pili are
involved in this adhesion. Adhesion is rapid and
firm so thar micturition after exposure offers no
protection against infection. The cocci penetrate
through the intercellular spaces and reach the
subepithelial connective tissue by the third day after
infection. The incubation period is 2-8 days. In
men, the disease starts as an acute urethritis with a
mucopurulent discharge containing gonococci in
large numbers. The infection extends along the
urethra to the prostate, seminal vesicles and
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epididymis. Chronic urethritis may lead to stricrure
tormation. The infection may spread to the
perurethral tissues, causing abscesses and multiple
discharging sinuses (‘watercan perineum ).

In women, the initial infection involves the
urethra and cervix ureri. The vaginal mucosa is not
usually aftected in adulrs because the stratified
squamous epithelium is resistant to infection by the
coccl and also because of the acid F'H of vaginal
BCCTETIONE, {Vulvnv:aginitiﬁ OCCUrsE 1IN prcpuh:rtﬂ
girls). The infection may extend to Bartholin's
glands, endometrium and fallopian tubes. Pelvic
inflammatory disease and salpingins may lead 1o
sterility. Rarely, peritonitis may develop with
perihepatic mflammation (Fitz—Hugh—Curris
syndrome). Clinical disease is as a rule less severe
in women, many of whom may carry gonococel in
the cervix without any symptoms. Asymptomatic
carnage of gonococct is rare in men.

Proctitis occurs in both sexes. It may dw:!:}p
by direct contiguous spread in women but in men
15 usually the result of anal sex. Conjunctivitis may
occur, usually due to autoinoculation by the patient’s
fingers. Blood invasion may occur from the primary
site of infection and may lead to merastanc lesions
such as arthntis, uleerative endocarditis and very
rarely meningitis. Occasional cases of pyemia have
been reported.

A nonvenereal infection is gonococcal
ophthalmia in the newborn, which results from
direct infection L!ur'mg passage thmugh the birth
canal. Gonococeal bacteremia leads to skin lesions,
especially hemorrhagic papules and pustules on the
hands, forearm, feer and legs, and 1o tenosynovitis
and suppurative arthnitis, usually of the knees, ankles
and wrists,

G’DTI.DEUL'Ei. contain EE‘!TIH.I plasmids. Nil’]ft’_‘r“ﬁ'ﬂ'ﬂ
per cent of the strains have a small cryptic plasmad
of unknown function, Two other transmissible
plasmids contain genes that code for beta lactamase
which causes resistance to penicillin.

- Epidemioiogy: Goenorrhea is an exclusively
human disease, there being no natural infection in
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anirmals. Expenmental disease may be produced in
chimpanzees by urethral inoculation. A lethal
infection can be produced in mice by intracerebral
inoculanon.

The only source of infection is a human carrier
or less often a patient. The existence of asymptomatic
carriage in women makes them a reservoir serving
to perpetuate infection among their male contacts.
The mode of infection is almost :rdus'm:l}r venereal.
Fomites do not play any significant role, as the cocc
die rapidly outside the human body. The only
nonvenereal infection 15 ophthalmia neonatorum.
D]"I.I:E 'I."C'I.'}' COTIITTROTE, thi.!'i I'I.B.!'i I'.I":EI'.I cnntn:ll:d h:r"
the practice of instilling 1% silver nitrate solution
into the eyes of all newborn babies {Crede's method).

When sulphonamides, and later penicillin, were
found very effective for the rreatment of gonorrhea,
it was hoped that the disease could be eradicared.
However, after a temporary decline, its incidence
has been risinE 5t:tp|}r In 1970, the gluha.l mncidence
of new cases was estimated at 16 million, making
it one of the most common infective diseases. In
some areas, gonorrhea has reached epidemic
proportions, especially in adolescents and young
adults. The reasons for the increase in gonococcal
infection are largely social and cultural. In the
1980z, with the AIDS scare, there was a noticeable
decling in the inadence of gﬂnnn‘hl:a, but this has
not been kept up. A higher incidence of gonorrhea
has been observed in persons belonging to blood
group B. The basis for this is not known,
Laboratory dingnosis: In the acute stage,
diagnosis can be established readily but chronic
cases sometimes present great difficulries. In acure
gonorrhea the urethral discharge contains
gonococci in large numbers. The meams is cleaned
with a gauze soaked in saline and a sample of the
discharge collected with a platinum loop for culrure,
oT 'I:I.il'ﬁl:ﬂ}" on il.ldf FCI‘I SITICATsS. II'I. WOIeT, bﬂﬁidcs
the urethral discharge, cervical swabs should also
be collected. This should be done ca.n:ﬁ.llly, using a
specutum. High vaginal swabs are not satisfactory.

In chronic infections, there may not be any
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urethral discharge. The ‘'morning drop’ of secretion
may be examined or some exudate may be obtained
after prostatic massage. It may also be possible to
demonstrate gonococc in the centrifuged deposits
of urine in cases where no urethral discharge is
available.

The demonstration of intracellular Gram
negative diplococct in stained smears provides a
presumptive evidence of gonorrhea in men. It has
to be emphasised that diagnosis of gonorrhea by
smear examination is unreliable in women as some
of the normal genital flora have an essentially
similar morphology. The use of fluorescent
antibody techniques for the identification of
gonococei in smears has increased the sensitivity
and specificity of diagnosis by microscopy.

For culture, specimens should be inoculated on
prewarmed plates, immediately on collection. If this
15 not possible, specimens should be collected with
charcoal impregnated swabs and sent to the
laboratory in Stuart’s transport medium. In acute
gonorrhea, cultures can be obtained readily on
chocolate agar or Mueller-Hinton agar incubated
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Fig. 25.2 Gonococci in wrethrai pus. Inset: enlarged

view to show kidney shaped cells with adjacent
surfaces concave.
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at 35-36 “C under 5-10% CO,, In chronic cases,
where mixed infection is wsual and in the
examination of lesions such as proctitis, however,
it is better to use a selective medium such as the
Thayer-Martin medium. The growth is identified
by morphology and biochemical reactions.

It may not be possible to obtain gonococc in
culture from some chromic cases or from patients
with metastatic lesions such as arthritis. Serological
tests may be of value in such instances. The
complement fixation test has been used with varying
degrees of success. It becomes positive only some
weeks after the infection is established and may
remain positive for months or years after the disease
has been cured. The test may also be positive
following meningocoecal infections. It is necessary
to use a polyvalent antigen because of the antigenic
heterogeneity of the gonococcal strains. The test is
not suitable for routine use. Many other serological
tests have been attempted, including precipitation,
passive agglutination, immunofluorescence, and
radioimmunoassay using whole-cell lysate, pilus

protein and lipopolysaccharide antigens. However,
no serological test has been found useful for routine

diagnostic purposes.

Treatment: In 1935, when sulphonamides were
introduced for treating gonorrhea, all strains were
sensitive to the drug but resistance developed
rapidly. Again, when penicillin was introduced, all
strains were highly sensitive (MIC 0.005 unit/ml).
From 1957, strains with decreased susceptibility
(MIC higher than 0.1 unit/ml) became common.
As patients infected with such strains did not
respond to the usual doses of penicillin, very large
doses of penicillin, 2.4-4.8 million units were used.
From 1976, gonococci producing B lactamase
{penicillinase) have appeared, rendering penicillin
treatment ineffective, These penicillinase-producing
N. gonorrhoeae (PPNG) have spread widely.

The Centers for Disease Control and Prevention,
USA in 1993 recommended the following schedule
for uncomplicated gonorrhea: Ceftriaxone 125 mg
single IM dose or Ciprofloxacin 500 mg (or
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Ofloxacin 400 mg) single oral dose, plus
Doxycycline 100 mg twice daily for 7 days or
Erythromycin 1 g single oral dose. The regimen is
costly but works very well against gonococci and
the frequently coexisting chlamydial infection.

Prophylaxis: Control of gonorrhea consists of
early detection of cases, contact tracing, health
education and other general measures. As even
clinical disease does not confer any immunity,

vaccination has no place in prophylaxis.
NONGONOCOCCAL (NONSPECIFIC) URETHRITIS

Along with an increase in the incidence of
gonorrhea, there has also been an increase, in recent
vears, of cases of chronic urethritis where gonococc
cannot be demonstrated. This has been called
nongonococcal or nonspecific urethnins. In some
of these, urethritis forms part of a syndrome
consisting of conjunctivitis and arthritis in addition
(Reter's 5}!11|:|.mm:} Some of these cases may be
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due to gonococcal infection, the cocal persisting as
L-forms and hence undetectable by routine tests.
The majority of such cases are, however, the result
of infections of diverse etiology. The most important
of these are Chlam. trachomatis, Ureaplasma
urealyticum and Mycoplasma hominis. Herpes virus
and cytomegalovirus may also account for some
cases. Urethritis may also be caused by other
bacteria (for example, Gardnerella vaginalis,
Acinetobacter Iwoffi, Ac. calcoaceticus), fungi
(Candida albicans), protozoa (Trichomonas
vaginalis), or even by mechanical or chemical
irritation. As etiological diagnosis i1s seldom
achieved, the management of this syndrome is
difficult,

COMMENSAL MEISSERIAE

Several species of Neisseriae inhabit the normal
respiratory tract. The characteristic features of some
of the common species are listed in Table 25.1.

Table 25.1 Differential characteristics of Meisseriae

Spocies Calanies | Growsh Fermentation Serological
| On Ar | Glucose Maltose Sucrose | classification
nutrient 22°C
. | agar

N m:mBTL‘idm Round, smooth, ! - A A - Thirteen
I:hi.:l'l.}t. creamy f antigenic
consistency i groups

N. gonorrhoeae Same as  above, - | A - - Antigenically
but smaller and | heterogenous
more opalescent .

N. flavescens Resemble I - - - Antigenically
meningococcus but i distinct
pigmented yellow homogeneous

group

N. sicea Small, dry, opagque, * A A A Autoagglutinable
wrinkled, brttle

N. cararrhalis  Variable, smooth s - = - Autoagghutinable

(Branhamella and translucent or

catarrhalis) adherent and

, mot easily
emulsifiable
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Their pathogenic significance is uncertain though
some of them (for example, N. flavescens, N.
catarrhalis) have been reported occasionally as
having caused meningitis.

N. lactamica, frequently isolated from the
nasopharynx is closely related to meningococei,
though it is virtwally avirulent. It differs from

pathogenic neisseriae in being positive in the
ONPG test for beta galactosidase. Nasopharyngeal
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colonisation by N. lactamica in young children may
be responsible tor the presence in them of antibodies
protective against meningococeal infection.

Neigseria catarrhalis is now classified as
Moraxclla (Branhamella) catarrhalis. 1t is an
apportunistic pathogen capable of causing laryngins,
bronchopneumonia, meningitis, sinusins and middle
car discase,

Further Headmg
Britigan BE and PF Sparling 1985. Gonococeal infection. New Engl | Med. 312:1683.
Cartwright K {ed) 1995, Meningocoocal [isease, Chichester: John Wiley:
Morse SA et al 1989, Perspectives on pathogenic Neisseria spp. Clin Microbiol Rev, 2 (Suppl.15).
Rosentstein NC et al. 2001. Meningocoocal diseases. New Engl [ Med. 334:1378
Tunke! AR and MW Scheld 1995. Acute bacterial meningitis. Lancet, 346:1675.
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Corynebacteria are Gram positive, nonacid fast,
nonmotile rods with irregularly stained segments,
and sometimes granules. They frequently show club
shaped swellings and hence the name
corynebacteria (from coryne, meaning club). The
most important member of the genus is
C. diphtherize, the causative agent of diphtheria.

Diphtheria has been known from ancient times.
Aretaeus, the Cappodocian, in the second century,
described the Egyptian or Syriac ulcer, which most
medical historians agree can be identified as
diphtheria. The disease was first recognised as a
clinical entity by Bretonneau (1826) who called it
‘diphtherire’. The name is derived from the tough,
leathery pseudo-membrane formed in the disease
(diphtheros, meaning leather). The diphtheria
bacillus was first observed and described by Klebs
(1883) but was first cultivated by Loeffler (1884).
It is hence known as the Klebs—Loeffler baaillus
or KL.B. Loeffler studied the effect of the bacillus
in experimental animals and concluded that the
disease was due to some diffusible product of the
bacillus. Roux and Yersin (1888) discovered the
diphtheria exotoxin and established its pathogenic
effect. The antitoxin was described by von Behring
(1890).

CORYNEBACTERIUM DIPHTHERIAE

Morphology: The diphtheria bacillus is a slender
rod with a tendency to clubbing at one or both
ends, measuring approximately 3—6 pm = 0.6-0.8
wm. The bacilli are pleomorphic. They are
nonsporing, noncapsulated and nonmotile. Cells
often show septa, and branching is infrequently

observed. They are Gram positive but tend to be
decolorised easily. Granules composed of
polymetaphosphate are seen in the cells. They are
more strongly Gram positive than the rest of the
bacterial cell. Stained with Loeffler’s methylene
blue, the granules take up a bluish purple colour
and hence they are called metachromatic granules.
They are also called volutin or Babes Ernst granules.
They are often situated at the poles of the bacilli
and are called polar bodies. Special stains, such as
Albert’s, Neisser's and Ponder’s have been devised
for demonstrating the granules clearly. The bacilli
are arranged in a charactenistic fashion in smears.
They are usually seen in pairs, palisades (resembling
stakes of a fence) or small groups, the bacilli being
at various angles to each other, resembling the
letters V' or L. This has been called the Chinese
letter or cuneiform arrangement. This is due to the
'lm:umpll:tt E:Fa:al:iu-n of the daughter cellz after
binary fission (Fig. 26.1).

Cultural characteristics: Growth is scanty
on ordinary media. Enrichment with blood, serum
or egg is necessary for good growth. The optimum
temperature for growth is 37 °C (range 15—40 °C)
and optimum pH 7.2, It is an aerobe and a
facultative anaerobe.

The usual media employed for cultivation of
the diphtheria bacillus are Loeffler's serum slope
and tellurite blood agar, Diphtheria bacilli grow
on Loeffler’s serum slope very rapidly and colonies
can be seen in 6—8 hours, long before other bacteria
grow. Colonies are at first small, circular white
opaque discs but enlarge on continued incubation
and may acquire a distinct yellow tint. Several
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Fig. 26.1 Left: normal forms of C.diphtheria
Right: involution forms

modifications of tellurite blood agar have been
utilised, such as McLeod’s and Hoyle's media.
Tellurite (0.04%) inhibits the growth of most other
bacteria, acting as a selective agent. Diphtheria
bacilli reduce tellurite to metallic tellurium, which
is incorporated in the colonies giving them a grey
or black colour. The growth of diphtheria bacilli
may be delayed on the tellurite medium and colonies
may take two days to appear. Based on colonial
morphology on the tellurite medium and other
properties, McLeod classified diphtheria bacilli into
three types — gravis, intermedius and mitis. The
names were originally proposed te- relate to the
clinical severity of the disease produced by the three
types — gravis, causing the most serious, and mitis
the mildest variety, with intermedius being
responsible for disease of intermediate severity.
However, this association is not constant. T he
necessity for typing an isolate in the laboratory has
been superseded by the need to know whether the
strain is toxigenic or not. Certain biological
charactenstics of these individual types have some
value,
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The gravis and intermedius types are associated
with high case fatality rates, while mitis infections
are less lethal. Paralytic complications are most
common in gravis, hemorrhagic complications in
gravis and intermedius, and obstructive lesions in
the air passage in mitis infections. In general, mitis
is the predominant strain in endemic areas, while
gravis and intermedius tend to be epidemic. The
mitis type is better able than the more virulent types
to establish a commensal relanonship with the
host. Wide variations have been noted in the
frequency of the different types in different places
at different times, There 15 evidence to show that
the gravis and, to a lesser extent, the intermedius
strains are able to spread more readily than the
mitis in populations naturally immune or artificially
immunised. Table 26.1 lists the characteristics of
the three types.

Diphtheria bacilli ferment with the production
of acid, (but no gas) glucose, galactose, maltose
and dextrin (but not lactose, mannitol or sucrose).
Some strains of virulent diphtheria bacilli have been
found to ferment sucrose. It is necessary to employ
Hiss's serum water for testing sugar fermentation.
Proteolytic activity is absent. They do not hydrolyse
urea or form phosphatase.

ToxiN
Virulent strains of diphtheria bacilli produce a very
powerful exotoxin. The pathogenic effects of the
bacillus are due to the toxin. Almost all strains of
gravis and intermedius (about 95-99 per cent) are
toxigenic, while only about 80-85 per cent of the
mitis strains are so. The proportions vary with the
origin of the cultures tested. Strains of all three
types are invariably virulent when isolated from
acute cases. Avirulent strains are common among
convalescents, contacts and carriers, particularly in
those with extrafaucial infection. There is
considerable variation in the amount of toxin
produced by the different strains, some strains
producing it abundantly and others only poorly. But
the toxin produced by all the strains of diphtheria
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Table 26.1 Type differentiation of diphtheria bacilli
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Gravis Intermedius Micis
Morphology Usually short rods, with Long barred forms with  Long, curved,
uniform staining, few or no clubbed ends; poor pleomorphic rods with
granules. Some degree of granulation, very prominent granules
pleomaorphism, with irregularly pleomorphic
barred, snow-shoe and tear-
drop forms
Colony on tellurite  In 18 hours, colony is 1-2 mm 18 hour colony small, Size variable, shiny
blood agar in size, with greyish black Imm in size, misty. Does  black. In 2-3 days,
centre, paler, semitranslucent not enlarge in 48 hours,  colonies become flat,
periphery and commencing dull granular centre with with a central
crenation of edge. In 2-3 days,  smwother, more elevation ‘poached egg’
3-5 mmn in size, flat colony glistening periphery and  colony
with raised dark centre and a lighter ring near the
crenated edge with radial edge - “frog's ege’ colony
striation — ‘daisy head” colony
Consistency of Like ‘cold margarine', brittle, . Intermediare between  Soft, buttery, easily
colonies moves as a whole on the plare,  gravis and mitis emulsifiable
not easily picked out or
emulsifiable
Hemolysis Variable Nonhemolytic Usually hemalytic
Growth in broth  Surface pellicle, granular Turbidity in 24 hours,  Diffuse turbidity with
depaosit, little or no mrbidity clearing in 48 hours, soft pellicle later
with fine granular
sediment
Glycogen and starch Positive Negative Negative

fermentation

bacilli is qualitatively similar. The strain almost
universally used for toxin production is the ‘Park
Williams 8" strain, which has been variously
described as a mitis (Topley and Wilson) and an
intermedius strain (Cruickshank).

The diphthena toxin is a protein and has been
crystallised. It has a molecular weight of about
62,000. It is extremely potent and the lethal dose
for a 250 g guinea pig is 0.0001 mg. It consists of
two fragments, A and B, of MW 24,000 and 38,000,
respectively. Both fragments are necessary for the
toxic effect. When released by the bacterium, the

toxin is inactive because the active site on fragment
A is masked. Activation is probably accomplished
by proteases present in the culture medium and
infected tissues. All the enzymarc activity of the
toxin is present in fragment A. Fragment B is
responsible for binding the toxin to the cells. The
antibody to fragment B is protective by preventing
the binding of the toxin to the cells. The toxin is
labile. Prolonged storage, incubation at 37 °C for
46 weeks, treatment with 0.2-0.4 per cent formalin
or acid pH converts it to toxoid. Toxoid is toxin
that has lost its toxicity but not its antigenicity. It is



234

capable of inducing antitoxin and reacting
specifically with it.

The roxigenicity of the diphtheria bacillus
depends on the presence in it of corynephages
(tox+), which act as the genetic determinant
controlling toxin production. Nontoxigenic strains
may be rendered toxigenic by infecting them with
beta phage or some other toxlarger phage. This is
known as lysogenic or phage conversion. The
toxigenicity remains only as long as the bacillus is
lysogenic. When the bacillus is cured of its phage,
as by growing it in the presence of antiphage serum,
it loses the toxigenic capacity.

Toxin production is also influenced by the
concentration of iron in the medium. The optimum
level of iron for toxin production is 0.1 mg per
litre, while a concentration of 0.5 mg per litre
inhibits the formation of toxin. The diphtheria
toxin acts by inhibiting protein synthesis.
Specifically, fragment A inhibits polypeptide chain
elongation in the presence of nicotinamide adenine
dinucleotide by inactivating the elongation factor,
EF-2. It has a special affinity for certain tissues
such as the myocardium, adrenals and nerve
endings.

Resistance: Cultures may remain viable for two
or more weeks at 25-30 °C. It is readily destroyed
by heat in 10 minutes at 58 °C and in 2 minute at
100 °C. It is more resistant to the action of light,
desiccation and freczing than most nonsporing
bacilli. It has been cultured from dried bits of
pseudomembrane after 14 weeks. It remains fully
virulent in blankets and floor dust for five weeks. It
is easily destroyed by antiseptics. It is susceptible
to penicillin, erythromycin and broad spectrum
antibiotics.

Antigenic structure: Diphtheria bacilli are
antigenically heterogeneous. By agglutination,
gravis strains have been classified into 13 types,
intermedius into 4 types and mitis into 40 types.
Gravis strains of types I and III have been reported
to be common in Great Britain, type 11 worldwide,
type IV mainly in Egypt and type V in the USA.
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No connection has been established between type
specificity and other characters.
Bacteriophage typing:  About 15
bacteriophage types have been described. Type 1
and III strains are mits, [V and VI intermedius,
VII avirulent gravis and the remainder virulent
gravis, The phage types are apparently stable. A
system of bacteriocin (diphthericin) typing has
also been described. Other methods of typing
include bacterial polypeptide analysis, DNA
restriction patterns and hybridisation with DNA
probes,
Pathogenicity: The incubation period in
diphtheria is commonly 3—4 days but may on
occasion be as short as one day. In carriers, the
incubation period may be very prolonged. The site
of infection may be (1) favcial; (2) laryngeal:
(3) nasal; (4) otitic; (5) conjunctival; (6) genital-
vulval, vaginal or prepucial; and (7) cutancous,
which is usually a secondary infection on pre-
existing skin lesions. Sometimes diphtheritic
whitlow or ulcer may occur, Cutaneous infections
are commonly caused by nontoxigenic strains of
diphtheria bacilli
Faucial diphtheria is the commonest type and
may vary from mild catarrhal inflammation to
very widespread involvement. According to the
clinical severity, diphtheria may be classified as:
1. Malignant or hypertoxic in which there is severe
toxemia with marked adenitis (bullneck). Death
is due to circulatory failure. There is high
incidence of paralytic sequelae in those who
TECOVET.
2. Sepric, which leads to ulceration, cellulitis and
even gangrene around the pscudomembrane;

3. Hemorrhagic, which is characterised by
bleeding from the edge of the membrane,
epistaxis, conjunctival hemorrhage, purpura and
generalised bleeding tendency.

The common complications are:

1. Asphyxia due to mechanical obstruction of the
respiratory passage by the pseudomembrane for
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which an emergency tracheostomy may become

NECEssary.

2. Acute circulatory failure, which may be
peripheral or cardiac.

3. Postdiphtherinc paralysis, which typically occurs
in the third or fourth week of the disease;
palatine and ciliary but not pupillary paralysis
5 characteristic, and spontaneous recovery is the
rule.

4. Septic, such as pneumonia and otitis media.
Relapse may occur in about 1% of cases.
Diiphtheria 15 a toxemia. The bacilli remain

confined to the site of entry, where they multiply
and form the toxin. The toxin causes local necrotic
changes and the resulting fibrinous exudate,
together with the diﬁ.int:gmﬂng epithelial cells,
leucocytes, erythrocytes and bacteria, constitute the
psendomembrane, which is characteristic of
diphtheritic infection. The mechanical
complicarions of diphtheria are due to the
membrane, while the systemic effects are due to
the toxin.

N:mt{uigﬂ:nic strains of r.iipht]'u:ria bacilli may
cause infection even in immunised individuals, as
immunity with the toxoid does not confer
antibacterial immuniry. Such infection is mild
though pseudomembrane formation may sometimes
OCCU.

Diiphtheria does not occur naturally in animals
but infection can be produced experimentally.
Susceptibility varies in different species.
Subcutaneous inoculation of a guinea pig with a
culture ot virulent diphtheria bacillus will cause
death in 1-4 da}'s. At autopsy, the fuﬂuwing featuires
can be observed:

. gelatinous, hemorrhagic edema and, often,
necrosis af the site of inoculaton;

2, swollen and congested draining I}mph nodes;

3. peritoneal exudate which may be clear, cloudy
or bloodstained;

4. congested abdominal viscera;

5. ¢nlargr:d h:mnrrh:lgh: adrenals, which is the
pathognomonic feature;
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6. clear, cloudy or bloodstained pleural exudate;
and
7. sometimes, ]'h:ri:;ardia] effision.
Laborators diagnosis: Laboratory
confirmation of diphtheria is necessary for the
imitiation of control measures and for
epidemiological purposes but not for the treatment
of individual cases. Specific treatment should be
nstituted immediately on suspicion of diphtheria
without waiting for laboratory tests. Any delay may
be fatal.

Laboratory diagnosis consists of isalation of the
dip]'lth:ria bacillus and demonstraton of its toxicaty.
One or two swabs from the lesions are collected
under vision, using a tongue depressor. Diphtheria
bacilli may not always be demonstrable in smears
from the lesion, nor can they be confidently
differentiated from some commensal corynebacteria
normally found in the rhroar. Hence smear
exarnination alone is not suthcient for diagnosing
diphtheria but is important in identifying Vincent’s
angina_ FIJ‘I' thiﬁ, i GTHI'.I"I. Qar LI:IIE-I'IITIHI"I. Etﬂinl:d STCAr
i5 examned for Vinceent’s E]Ti.l'l:rl:]'H:IE.‘i and fusiform
bacilli. Toxdgenic diphtheria bacilli may be identified
n smears by immunofluorescence. For culture, the
swabs are inoculated on Loeffler's serum shope, rellurite
blood agar and a plate of ordinary blood agar, the last
for differentiating streptococcal or staphylococcal
pharyngitis, which may simulate diphtheria, If the
swib cannot be inoculated promptly it should be kept
moistened with sterile serum so that the bacilli remain
viable. The serum slope may show growth in 4-8
hours but if negative, will have to be incubared for 24
hours. Smears stained with methylene bhie or one of
the special stains (Neisser or Albert stain) wil] show
the bacll with metachromate granubes and typacal
arrangement. Tellurite plates wall have to be incubated
for at least two days before being considered negative,
as growth may sometimes be delaved. The tellurire
medium is pnrﬁmllnrl}' impnrtant in the solation of
diphtheria bacilli from convalescents, contacts and

carriers as in these cases th:}' may be outnumbered

by other bacteria.
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ViRULENCE TESTS

Any isolate of the diphtheria bacillus should be
tested for virulence or toxigenicity for the
bacteriologncal diagnosis to be complete. Virulence
t:sﬁng may be b}' I VIV OF 10 VItTD merl'mds, the
former by the subcutaneous or intradermal test and
the latter by the precipitation test or the tissue
culture test.

I.

g

In vive tests

Subeutaneous tese: The growth from an
overnight culture on Loeffler's slope is
emulsified in 2-4 ml broth and 0.8 ml of the
emulsion injected subcutaneously into two
guinea pigs, one of which has been protected
with 500 wumits of the diphthena antitoxin
18-24 hours previously. If the strain is virulent,
the unprotected animal will die within four days,
showing the autopsy appearance described
earlier. The method is not usually employed as
it is wasteful of animals.
Intracutaneous test: The broth emulsion of
the culture is inoculated intracutanecusly into
two guinea pigs (or rabbits) so that each receives
0.1 ml in two different sites. One animal acts as
the control and should receive 500 units of
antitoxin the previous day. The other is given
50 units of antitoxin intraperitoneally four hours
after the skin test, in order to prevent death,
Toxigenicity iz indicated by inflammatory
reaction at the site of injection, progressing to
necrosis in 48-72 hours in the test animal and
no change in the control animal. An advantage
in the intracutaneous test is that the animals do
not die. As many as ten strains can be tested at a
time on a rabbit.

In vitro test
Elek's gel precipitation test: A rectangular
strip of filter paper impregnated with diphthera
antitoxin (1000 units/ml) is placed on the surface
of a 20% normal horse serum agar in a petn

Iy
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dish while the medium is sall flud. If horse
serum is not available, sheep or rabbit serum
may be used. When the agar has set, the surface
is dried and narrow streaks of the strains are
made at right angles to the filter paper strip. A
positive and negative control should be put up.
The plate is incubated at 37 *C for 24-48 hours.
Toxins produced by the bacterial growth will
diffuse in the agar and where it meets the
antifoxin at optimum concentration will produce
a line of precipitation (Fig. 26.2). The presence
of such arrowhead lines of precipitates indicates
that the strain is toxigenic. No precipitate wall
form in the case of nontoagenic strains. This
test is very convenient and economical but some
brands of peptone and some samples of serum
do not give satisfactory results.

Tissue culture test: The toxigenicity of
diphtheria bacilli can be demonstrated by
incorporating the strains in the agar overlay of
cell culture monelayers. The toxin produced
diffuses into the cells below and kills them.

Epiii{::l'l'licﬂng!.': Dipl‘ll’l‘lﬂia was furmcrl}' an

Fig.26.2 Elek's test. A. Filter paper sirip impregnated

with A. diphtheriae antitoxin. B. Toxigenie strain.
C. Nontoxigenic strain. D. Test strain showing
taxigenicity.
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important pediatric disease all over the world but
following the development of effective prophylactics
and mass immunisation, the disease has been
'r]rh.ml.l}r eradicated from most advanced countries.
In those developing countries where childhood
immunisation programmes have been implemented
effectively, diphtheria has become rare but in others
it continues to be a serious problem. The prolonged
and extensive epidemic of diphtheria in parts of
the erstwhile Soviet Union in the 1990s, involving
severdl thousands, with a mertality of up ro 20 per
rent :i.‘.i d 'H'E.'I'I'IIITLE IJ‘:E-W]'H:II Cin hffﬂ]l Countries thﬂt
neglect immunisation and let living conditions
deteriorate.

In endemic areas, it is mainly a disease of
childhood. It is rare in the first year of life due to
the passive immunity obtained from the mother,
reaches a peak between two and five years, falls
slowly between five and 10 years, and rapidly
between 10 and 15 years with only very low
incidence afterwards because of active immunity
acquired by repeated subclinical infections.

Asymptomatic carriers who outnumber cases by
a hundredfold or more in endemic areas are the
maost important source of infection. In the temperate
regions, carriage is mainly in the nose and throat.
MNasal carriers harbour the bacilli for longer peniods
than pharyngeal carriers. In the tropics, diphthena
bacilli infect the skin more often than the respiratory
tract. Toxigenic diphtheria bacillh 