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SECTION -1

GENERAL MICROBIOLOGY
Chapter - 1
THEORY OF BIOGENESIS

Biogenesis(Gr. Bio-life; genesis: orgin)meansthat lifeoriginates
frompreexistinglife. Thisdenotesthat life doesnot arise spontane-
oudly or created from inanimate, and abiotic objectsby God. Biogen-
essinvolvesparental organismssimilar totheoneformed. Ontheother
hand Abiogenesisor the Spontaneous gener ation theory suggests
that life originatesspontaneoudy from dissmilar inanimateobjectslike
stone.

Early men out of superstition, ignorance and due to fear sur-
rounding thelifebedieved that living organismswere created by God.
In Greek mythol ogy it wasbelieved that Goddess Gaea created people
from stonesand other inanimate objects. It wasaso abelief that ani-
ma soriginated spontaneoudy from the soil, plantsor other unlikeani-
mals. Aristotle (384-322BC), thegreat philosopher a so taught the
same. Therewere aso otherswho advocated artificial propagation of
bees based on the observation that meat exposed to warmthand air
produced maggots. Recepieswere a so recommended for the manu-
facture of mice by putting somewheat grains, soiled linensand cheese
into a receptacleand leaving it undisturbed. Inredity the micewere
not produced but attracted by thefood. Thereweredsointelligent and
thoughtful menwho doubted the spontaneous generationtheory (Abio-
genesis) and consequently there started acontroversy over theorigin
of life.

Although the creation of man from stoneswas discarded, the
gppearance of maggotsand wormsin exposed food materia remained
unexplained. Francisco Redi(1626-1697) demonstrated by covering
the meat in ajar by a gauze, the flies attracted by the odour
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laid eggs on gauze and maggotsdid not gppear inthe meat underneath
clearly showing that the origin of maggotsin exposed meat wasdueto
flies. Butstill somepeoplebdievedthat tiny microbesdevelopingin
meat originated spontaneously. John Needham(1749) exposed meat
to hot ashes and found the appearance of bacteria which were not
present originally and therefore concluded that bacteriaoriginated from
meat. Duringthe sametime Lazarro Spallanzani showed that when
beef broth wasboiled for an hour and if flaskswere sed ed after boiling
and incubated no microbes appeared. Thisevidencefalledto convince
Needhamwho argued that air, essentid for the spontaneous origin of
mi crobeswas excluded by sealing of flasksand thereforenolife ap-
peared. Thiswasanswered after 60-70 years independently when
Franz schulze(1815-1873) passed theair through strong acid solution
and Theodore Schwann (1810-1882), passed air through red hot tubes
beforeletting it into theinfusions. Microbesdid not appear inthe
infusionsin both the cases. It wasargued that acid and heat de-
sroyedthevita forceinar and hencedid not support growth. Schroder
and von Dusch(1850) passed air through cotton into heated brothin
flask in which no microbes appeared. The microbes present in air
werefiltered out by the cotton and hence no growth occurred. Thus
appeared theuseof cotton pluginmicrobiologica laboratories.

Anton Van L eeuwenhoek and hisMicroscopes:

Anton van Leeuwenhoek (1632 — 1723) a contemporary of
Robert Hook wasbornin Delft, Holland. Leeuwenhoek wasasuc-
cessful businessman and qudified himself asasurveyor and theofficid
winetaster of Delft, Holland and in 1660 he was appointed chamber
laneto chief judge, the sheriff *'sand thelaw officersof thecity of Delft.
Heheldthe position for thirty-nineyears. Hehadlittleformal educa-
tionand never attended auniversity. Hewasignorant of any language
except Dutch. Hewasfortunatethat hiswork wasrecognized in his
lifetimeitsdf. A society for scientific work publication was established
in England and was called as Royal society. The society invited
L eeuwenhoek to communicate his observation toitsmembers. He
waselected asafellow of the society in 1680. For amost fifty years
until hisdeathin 1723, Leeuwenhoek transmitted hisdiscoveriestothe
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royal society intheform of long | etterswrittenin Dutch. Most of his
discoveriesweretrand ated and publishedin Englishin the proceedings
of theroya society. Leeuwenhoek madeglasslensesby grindingand
mounting them into brass contraptions and he called them as micro-
scopes and almost spherica lens(a) was mounted between two small
metd plates. Thespecimenwasplaced ontheadjustableneedlemounted
abovethelens. Theneedleisablunt pin (b) and wasbrought into focus
by manipul ating two screws(c) and (d) (figure— 1).No change of mag-
nification was possibleand the magnifying power of each microscope
being anintrinsic property of itslens.

Fig. 1-1. Drawings of a microscope used by Anton van Leeuwenhock

Hewas ableto view the specimens on the blunt pin by holding
themicroscope very closeto hiseyeand squinted throughthelens. His
microscope was able to magnify from about 50 to 300 times.
Leeuwenhoek constructed hundredsof such instruments. Microscopy
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was afascinating hobby for Leeuwenhoek and he spent greater part of
hislifemaking micrascopes, observing the microscopicworldand main-
tained recordsof hisobservationsin simplelanguage. Hemade obser-
vationson the structure of seed and embryosof plants, small inverte-
brate animal's, spermatozoaand Red blood cells.

However hisgreatest discovery isof themicrobia world of ani-
malcules. He sent the 18! |etter to the society on October 9, 1676
and gavethefirst description of unicellular animalssuch asprotozoa
and the smaller microorganisms such asbacteria. He had looked at
water samplesfrom fresh water fromriver, well water, rainwater and
seawater.

Hisdescriptionswere accurate. One of Leeuwenhoek’s most
publicized observationswasof bacteriafrom the human mouth (figure).
He described rod shaped bacteriaasbacilli, spherical bacteriaas cocci
and bacteriawith spiral body that resemble cork screws as spiroketes.
Startinginthe 1670s L esuwenhoek wrote numerous| ettersto the Roya
society in London and continued hisstudiesuntil hisdeathin 1723 at
theageof 91.

Fig. 1-2. Anton Van Leeuwenhoek’s drawings of bacteria published in 1684
that he called “animalcules”

Nine of the estimated 500 L eeuwenhoek’smicroscopesand al
of hisdrawingsaretill existing. Leeuwenhoek made microscopesthat
had amagnification of 266 x. However from the detailsof hisdrawings
and sketchesit is shown that he must have made considerably more
powerful microscopesthat havebeen lost.
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Fig. 1-3. Anton von Leeuwenhoek

Fig.1-4. Louis Pasteur

Fig. 1-5. Drawings of Pasteur’s swan neck flask used in
spontaneous generations experiment.

Louis Pasteur (1822-1895), a Professor of Chemistry in
France, through hisfamous swan neck flask experimentsdisproved the
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theory of abiogenesis. He boiled the nutrient solutionin flask with a
long narrow swan neck opening and unfiltered or untreated air could
passinto theflask. The germs settled in the swan neck and hence no
microbes appeared. He also filtered the air through cotton plug and
dropped it in nutrient solution and found that micro organismssimilar
to those in air appeared. Hence he concluded that air contained the
microbes that contaminated the boiled infusions. Pasteur’s experiment
disproved the spontaneous generationtheory oncefor al. John Tyndall
showed (1820-1893)that dust contained the germs and if no dust was
present, sterile broth remained without microbial growth for a long
time. Ultimately the theory of abiogenesiswas discarded for microbes
aswell and Biogenesis was accepted. Cogniard Latour observed bud-
dinginyeast cell demonstrating that cells arise from preexisting cells.

Céll theory:

Until the knowledge of microorganisms, cellsof plantsand ani-
mals accumulated and it was thought that a plant or an animal was
entirdy asasingleunit. Rubert Hook(1665) coinedtheword cdl(L.cella
—asmall enclosure) when he observed the hollow shellsin cork. How-
ever the credit of proposing cell theory goes to Mathias
Schleiden(Botanist) and Theodore Schwann(Zool ogist) who indepen-
dently recognizedthat cdlls condtituteunicdllular and multicdlular forms
of life. Cell theory satesthat dl living organismsarecellsor composed
of cdls, that al cdlsarebasicaly smilar in structure, function and com-
position and capable of autonomous growth and multiplication. The
activity of anorganismisthesumtota of function of al cell comprising
it. Cell isthesmallest living unit capabl e of reproduction utilizing the
food substancesthat arechemicaly different. Inunicdlular formslike
bacteria, yeast and amoebaasinglecell itself isan organism. Onthe
other handinmulticdlular plantsand animascellsaggregateand from
different types of tissuesthat make up theplant or animal. Evenin
different tissuesthesizeand shapemay vary but al cellshaveacd | wall
or membrane, cytoplasm, nucleusand functionin organized way. The
epidermal cell inaleaf, palisade parenchymaand cortical cellsmay
differinsizeetc. but they areall basicdly smilar in structurefunction
and composition.
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Microbesin Fermentation:

LouisPasteur found fermentation of fruitsand grainsresultingin
a cohol productionwasdueto microbes. Heexamined several batches
of ferment and found different sortsof microbeswith predominance of
one type in good ferments and another kind in poor ones. Pasteur
suggested proper selection of the microbe namely theyeast to get an
uniformly good product and to heat thefruit juiceto destroy theunde-
srablemicrobeswithout affecting theflavour of fruit juice. Hedemon-
strated that holding thefruit juice at atemperature of 62.89C(145%F)
for anhour diminated the undesirable microbes.

Thisprocessisnamed after him as Pasteurization, whichisnow
employedinwineriesand milk industry. Pasteurization isheating a
liquid food or beverageto acontrolled temperatureto remove harmful
and undesirable microorganismsand to enhance thequality. Hesolved
the problem of contamination of wild yeastsan undesirablemicroflora
inwineindustry.

Microbes and diseases:

Thefact that bacteriaare the causative agent of some diseases
was experimentaly proved by Pasteur. AsPasteur solved the problem
of wineindustry in France, the French Government requested himto
investigatethepebrinediseaseof slkworm. After strugglefor severd
years heisolated the causative agent of pebrine, a protozoan parasite
of silkworm. He suggested that the disease could be eliminated by
using only hedlthy, diseasefreesilk worms.

A disease caled “Wool sorters” disease was common among
people who worked with sheep and wool. This was also cdled as an-
thrax disease which affected cattle, sheep and sometimes man. Pasteur
isolated the bacterium Bacillus anthracis from the blood of animals
that had died out of this disease and grew themin laboratory. At the
sametimein Germany Robert Koch(1843-1910), aphysciandis
coveredthe bacilli intheblood of cattledied out of anthrax. Heiso-
lated the organism, grew itinthelaboratory and made surethat only
onekind of bacteriawaspresent (pureculture). Heinjected thisbac-
teriumto other healthy animasand produced thedissaseatificidly.
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He reisol ated the bacterium from the blood of experimentally infected
animaswhichwassmilar totheonesorigindly isolated. Theseexperi-
ments|ed to the devel opment of Koch’s postul ateswhichisfollowed
evento-day with a newly isolated pathogen to establish its
pathogenicity. Robert Koch devel oped smear preparationand stain-
ing with dyestoincrease clear observation under microscope. Heaso
developed solid media using gelatin first and subsequently agar to
obtainisolated coloniesin cultureplates. Hediscovered thebacteria
causing pulmonary tuberculosis.

Pasteur was continuing hiswork oninfectious diseasesand iso-
lated the chicken cholerabacteriumin pure culture. Hearranged for a
public demongtrationto provehissuccessand inocul ated healthy chicken
withthepureculture. But thechickenfailedto developsickness. Tracing
the events of hisexperiment Pasteur found that he had accidentally
used cultures severd weeksold and not thefresh culture. Herepeated
theexperimentsafter sometime and inocul ated afresh cultureto newer
fresh healthy chicken and dso to the chicken inoculatedin the previous
demonstration.

Hefound that the chicken used for fresh cultureweresick and
died whilethe chickenwhich wereinocul ated previoudy with old cul-
turesand again with fresh culturesfailed to devel op sicknessand sur-
vived. Pasteur explained that old cultureswhich heusedin the demon-
strationlost their virulenceand the ability to produce the disease.
After growing old the bacteriamight havelost virulencewhi ch Pasteur
designated asattenuated bacteria.

But these attenuated organisms do not cause disease but stimu-
late the host to produce antibodiesthat act against invading virulent
organisms. Edward Jenner (1798) used cow pox virusto immunize
people against small pox wassimilar to thisdemonstration. Pasteur
used attenuated culture, which he called asvaccines(L .vacca=cow) to
prevent anthrax.

Pasteur was assigned thetask of devel oping avaccinefor ra-
bies (hydrophobia) afatal disease of man caused by bites of mad
dogs, catsand wolf.

8



1st demonstration IInd demonstration after some weeks
Chicken No
inoculatec. sjckne.
earlier
| -
I 1)
T
&3 —»
Chicken Chicken No =1 Chicken not
cholerabacteria  inoculated sickness .u":l I‘\ < inoculated Chicken
old culture [ earlier dies
Fresh l
virulent
culture

Fig. 1-6 Chicken cholerainoculation demonstration by Pasteur

Rabiesisdueto avirustoo minuteto be seen under microscopes
available at histimeand not growninlaboratory. Thereforehe used
the salivaof mad dogstoinject rabbits. Thebrainand spinal cord of
artificially injected rabbitswereremoved, dried, powdered and sus-
pended in glycerine. By injecting thispreparation Pasteur immunized dogs
againd rabies. Pasteur treated aboy Joseph Megter bitten by amad walf in
asmilar way and saved him. Thus vaccine against rabies was devel -
oped. Vaccines are preparations that upon administration to an ani-
mal or man induce active immunity against diseases. This process of
immunizationiscaledvaccndion. Vaccinesmay contain killed cellsor
attenuated organismsor their componentsor productsof amicroor-
ganism causing adisease. Antitetanusserum (ATS) and Tetanustoxoid
areused againgt tetanus.

Joseph Lister (1827 — 1912), ayoung British surgeon gaveindi-
rect evidence that microorganisms were responsible for wound infec-
tion. Following thework of Pasteur ontheinvolvement of microorgan-
isms on fermentation and Putrefaction Lister developed a system of
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antiseptic surgery designed to prevent microorganismsfrom entering
wounds. Hereasoned that surgica sepasmight betheresult of micro-
bial infection of theti ssuesexposed during operation. Hedeve oped
methodsfor preventing theaccessof microorganiamstosurgica wounds.
OnAugust 12, 1862 an 11 year old boy James Greenleeswasbrought
totheRoyd Infirmary where Joseph Lister wasworking asasurgeon.
Jameswas stroked by aHorse— drawn cart.

Ligter splinted thebroken boneand repeatedly dressed thewound
in bandages soaked in phenol solution. Six weekslater thebroken
fragmentsof bonehad becomereunited by new growth and Jameswas
discharged fromthehospital with sound hedlth. Thisgpproachwas
successful and transformed theentire processof surgery. Lister seril-
ized theinstrumentsby heat and orayed diluted phenol over surgicd
areaand prevented themicrobia contamination.

Pagteur contributed significantly to theemergence of immunol-
ogy with hiswork onvacdnesfor rablesand cholera Along with Jenner
and Pagteur the Russan Zoologist ElieMetchnikoff (1845- 1916) was
apioneer inlmmunology. Itwasbdievedin1880’sthat theimmunity
wasdueto noncellular substancesintheblood. Metchnikoff discov-
eredthat someblood leukocytescould engulf diseesecausing bacteria
Henamed those cdl sasphagocytes. Theidentification of phagocytes
againgt invading microorganismswasthefirst sepinimmunol ogy.
M etchnikoff wasawarded the Nobel prizein 1908 for hiswork on
immunology and phagocytes

Winogradsky’scontributions:

Theincomparableglitter of Pasteur’sdiscoveriesdrawn Sergel
Nikolaevitch Winogradsky to microbiology. This Russian
microbiologist’stechniquesled to theisolation of useful bacteriaand his
enrichment culturetechnique was useful to understand environmental
microbiology. TheWinogradsky column devel oped by himisaminia
ture anaerobic ecosystemn used for studying microbia communities.

Much of what we know about thebiologicd cycling of sulfur and
nitrogen comefrom Winogradsky’swork.
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Antibiotics

Thesearchfor antibioticsbeganin late 1880’s, with the accep-
tance of the germ theory of diseases. Inthe mid 1800 the Hungarian
physician Ignatz Semmelweisand the English physician Joseph Lister
developed someof thefirst microbia control practices. Whenthebody’s
normal defensescannot prevent or overcomeadisease, itisoften treated
with chemothergpy. Antimicrobid drugsact by interferingwiththegrowth
of microorganisms. Moreover, it hasto act withinthehost. Therefore,
their effectson the cell sand tissues of the host areimportant.

Theideal antimicrobial drugskill theharmful microorganisms
without damaging the host. The mechanism of inhibitioniscalled anti-
biosis and from this word comes the term Antibiotic, a substance
produced by some microorganisms. Somedrugshave anarrow spec-
trum of microbia activity and some affect abroad range of gram posi-
tiveand gram negative bacteriaand are called broad spectrum antibi-
otics. Antimicrobia drugsareeither bactericida (kill the microbesdi-
rectly) or bacteriostatic (prevents microbesfrom growing).

In the early 1929, Alexander Fleming, a British scientist,
serendipitoudy discovered penicillin. During 1939, Howard Hory, Ernst
Chain, and Norman Heatley obtained the Penicillium fungus from
Heming and overcamethetechnica difficultiesand produced thedrug
incrudeform. By 1946, the drug had becomewide spread for clinical
use.

In 1943, Selman Walksman and hisgroup discovered another
antibiotic Streptomycin from Sreptomyces grisus. The streptomycin
proved effective against severd common infections.

Theantibioticsmay affect thecdl wal synthess, inhibit protein
synthesis, makeinjury to plasmamembrane,inhibit nucle c acid synthe-
gsandinhibit thesynthesisof essential metabolites. Thecommonly used
antibioticsinclude Streptomycin, Neomycin, Ampicillin, Tetracycline,
Chloramphenicol, Bacitracin, Erythromycin, etc.

1

Points to Remember

1

Early men out of superstition, ignorance and due to the fear
surrounding thelife, believed that living organismswere created by
God. It was also believed that animal s originated spontaneoudly from
sail, plants or other unlike animals. There were more discussions
about the spontaneous generation theory among scientists.

Anton van veluwen hock made glass lenses by grinding and
mounting them into brass centraptions and he called them as micro
scopes. He observed a number of microorganisms and called them
animalcules.

LouisPasteur disproved the theory of spontaneous generation theory
by his swan neck flask experiments.

Cdlscongtitute unicdlular and multicellular formsof life. Cell theory
statesthat al living organismsare cells or composed of cells, that dl
cellsarebasically similar in structure, function and composition and
capabl e or autononous growth and function.

Louis Pasteur introduced pasteurization a processwhichisused in
wineindustry and dairy.

Joseph Lister introduced disinfection and sterilized the instruments

by heat and sprayed diluted phenol over surgical areaand prevented
the microbial contamination.

In 1929 Alexander Fleming discovered penicillin. In 1943 Selman
Walksman discovered streptomycin. After the discovery of anti-
biotics many diseases were treated effectively.
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Chapter -2
MICROSCOPY

The Microscope used by van Leeuwenhock during the seven-
teenth century was asimple microscope and had only onelensandis
equivaent toamagnifying glass. Later aCompound Microscopewas
built by Robert Hooke. However, the credit of making acompound
mi croscope goesto Zacchari as, aDutch spectaclemaker around 1600.
The early compound microscopeswere of poor quality and could not
be used to see bacteria. Around 1830, a better Microscope was de-
veloped by Joseph Jackson Lister (Father of Joseph Lister). Modifica
tion and improvementsto Lister’s microscoperesulted in thedevel op-
ment of modern compound microscope.

Microbiologistsuseavariety of light microscopesfor their work,
whichindude

1. Bright field Microscope
Dark field Microscope
Phase Contrast Microscope
Fluorescence Microscope.

o~ DN

Electron Microscope

Dark - field Microscope:

A dark-field Microscopeisused for examining livemicroorgan-
ismswhichareether invisbleintheordinary light microscope, cannot
be stained by standard methods or are so distorted by staining that
their characteristicscannot beidentified.

The condenser in dark field microscope containsan opaquedisc.
Thedisc blockslight that entersthe objectivelensdirectly. Thelight
that isreflected off the specimen entersthe objectivelens. Sincethere
isnodirect background of light, the specimen appearslight against a
dark background, hencethe name dark - field Microscope (Fig).
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Eye Eye

Ocular lens

Only light reflected
by the specimen is
captured by the
objective lens

Objective lens

Specimen .
Unreflected light

Condenser lens
Opaque disc

/
i N2

Light Light

Fig. 2-1. Comparison of Light Pathways of bright field and
dark field Microscopy.

Dark - field Microscope is used to identify very thin, un-
stained microorganisms, such as the spirochete, Treponema
pallidum, the causative agent of syphilis.

Phase Contrast Microscope:

Phase contrast Microscope first described in 1934 by Dutch
Physicist Frits Zernike, isacontrast - enhancing optical technique
that can be utilized to produce high - contrast images of transpar-
ent specimens.
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Thecompletedetall of living cellsisundetectablein bright field
microscope becausethereistoo little contrast between structureswith
similar transparency. Such organi sms are observed with aphase con-
trast microscope. The Phase Contrast Microscopeiswidely used for
observing biologica specimens. Phase Contrast Microscopeisatype
of light microscope, which enhancesthe contrasts of transparent and
colorlessobjectsby influencing the optica path of light. In phase con-
trast microscope, thelight passing through atransparent part of the
specimentravelsdower.

The condenser of aphase contrast microscope hasan annular
stop, an opague disk with athin transparent ring, which producesa

hollow coneof light (fig). .
e

—— Ocular lens

Diffraction plate

Undiffracted light
= (unaltered by specimen)

Objective lens
Refracted or diffracted
light (altered by

specimen)

Specimen

Condenser lens

= =— Annular diaphragm

Light
Fig. 2-2. The light pathway of Phase Contrast Microscopy

Whenthisconeof light passes through acell, same light rays
are bent due to density variation and refractive index within the
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specimen. Thedeviated light isfocussed to form an image of the ob-
ject. Undeviated light rays strike aphasering in the phase plate, |o-
cated intheobjective. Soin phase contrast microscope oneset of light
rayscomesdirectly from thelight source, the other set of light comes
fromthereflected or diffracted fromthe particular structure of the speci-
men. When two set of light rays are brought together they form an
image of the specimen on the ocular lens, containing areasthat are
relating light (phase) through the shades of gray to black. Theinternal
structure of the specimen becomes more sharply definedin phasecon-
trast microscopy.

Fluor escence Microscope:

Fluorescence microscopeis so designed that the specimen can
beilluminated at onewavelength of light and observed by alight emit-
ted at adifferent wavelength (figure). Someorganismsexhibit fluores-
cence naturally under UV light. If the specimen.

} Eyepiece

6. Barrier filter
Removes any remaining exciter
wavelengths (upto about 50 nn
without absorbing longer wavelengths
of fluorescing objects

5. Specimen stained with flurorchrome
Emits fluorescence when activated
by excisting wavelength of light

Objective
lens

4. Dark-field condenser
Provides dark background
for fluorescence

Fig. 2-3. Fluorescence
Microscopy - Illustration
" Wirror of Principle of
\3. Exciter filter nght pthWay

vAvlal‘s\é\;Zr?g‘lhy short

light (about 400 nn)
through

doesnot havenatura fluorescence and it hasto be stained with afluo-
rescent dye called fluorochromes. When microorganismsare stained
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with fluorochrome and observed under fluorescence microscopewith
anUV or near UV source. They appear asluminescent, bright objects
against adark background.

TheHuorescence Microscope exposesaspecimento UV violet
or bluelight and formsanimage of the object with resulting fluorescent
light. A mercury vapour arc lamp produces an intense beam and heat
transfer isemitted by aspecial infrared filter. Thelight passesthrough
an exited filter, which transmitsonly the required wavelength. A dark
field condenser providesablack background against which thefluo-
rescent object glows.

Themicroscopeformsanimageof thefluorochrome stained mi-
croorganism from thelight emitted when they fluoresce. The barrier
filter pogitioned after the objectivelensremovestheremaining UV light
that may damagetheeyesor blueand violet light, which will reducethe
imagecontrast.

Thefluorescent microscopeisused in medical microbiology to
observe pathogens such as Mycobacterium tuberculosis. In micro-
bial ecology thefluorescence microscopeisused to observe microor-
ganismsafter stainingthe samplewith thefluorochromeacridineorange
dye. The stained organisms with fluorescent orange or green can be
detected among other particul ate matter.

Electron Microscope:

Light Microscopes arelimited by the physics of light to 500x
to 1000x magnification and aresolution of 0.2 micrometers. This
limitation made the development of Electron Microscopy. Thus,
the theoretical limit was reached in the early 1930s and there was
ascientific urgeto observethe ultrastructure and the fine structure
of cells.

To observe the fine structure there is a need for 10,000 x
plus magnification, which is not possible by Light Microscopy.
The Electron Microscope was developed in 1931 in Germany by
Max knoll and Ernst Ruska. The first scanning electron micro-
scope was introduced in 1942 and the Electron Microscopes were
made avaliable commercially around 1965.
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Electron Microscopeworkssimilar tothat of light microscopes
except that they use afocussed beam of el ectronsinstead of light to
‘image’ thespecimen

Thefollowing bas c gepsareinvolved in Electron Microscopes.

1. A beam of electron is formed from an electron source
and accelerated towards the specimen using a positive
electrical potential.

LIGHT MICROSCOPE TRANSMISSION ELECTRON MICROSCOPE

Cathode filament
Lamp Electron
gun
Anode
Condenser lens
Condenser lens magnet

. Specimen
Specimen pec
Objective lens Objective lens magnet

Y

Projector lens magnet

Projector lens magnet
‘—

Final image
_ﬂUOreSCent screen

seen by eye

Fig. 2-4. Illustrated Light pathway Comparison of Light Microscope and
Transmission Electron Microscopy

2. The beam is confined and focussed using metal apertures
and magnetic lenses into a thin, focussed monochromatic
beam.
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3. The beam is focussed on to the sample using a magnetic
lens.

4. Interactions occur inside theirradiated sample, affecting the
electron beam. These interactions and effects are detected
andtransformedinto animage.

There aretwo type of Electron Microscopes. They are
1.  Transmisson Electron Microscope

2. Scanning Electron Microscope

1. Transmission Electron Microscope:

The Transmission Electron Microscope is a complex and
highly advanced microscope (fig). The Electron gun contains a
tungsten filament which when heated generates a beam of elec-
trons that is then focussed on the specimen by the condenser.

Electrons cannot pass through the glass lens, hence adough-
nut-shaped el ectromagnets called magnetic lenses are used to fo-
custhebeam. Theelectronswill be deflected by collisionswith air
molecules. So, the column containing the lenses and specimeniis
under high vacuum to obtain a clear image of the specimen on a
fluorescent screen. The denser region in the specimen scattersmore
electrons and appears darker in theimage becauselesser electrons
strikethat area of the screen whereas el ectron transparent regions
are brighter. Theimage captured at the screen can be made perma-
nent on aphotographic film.

Transmission electron microscopy has high resolution and
extremely useful to observe different layers of specimens; how-
ever Transmission Electron Microscope has some disadvantages.
Since electrons have limited penetrating power, only very thin sec-
tion of the specimen (about 200nm) can be studied effectively. There
is no three dimensional view. In addition specimens must be fixed,
dehydrated and viewed under a high vacuum to prevent electron
scattering. Theprocedureusedfor specimen preparation, for view-
ing under Transmission Electron Microscope causessome shrink-
ageand distortion.
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Scanning Electron Microscope (SEM)

Scanning Electron Microscopeis used to examinethe surfaces
of microorganisms. Scanning Electron Microscope providesathree
dimensiona view of the specimen. The e ectron gun producesafindy
focussed beam of el ectrons called the primary electron beam. These
electrons passthrough el ectromagnetic lensesand are directed over
the surface of the specimen (fig).

SCANNING ELECTRON MICROSCOPE

\\\\\

Pecim:

Fig. 2-5. lllustrated Light pathway of Scanning Electron Microscopy

The primary electron beam blocks electrons on the surface
of specimen, and the secondary €l ectrons thus produced are trans-
mitted to an electron collector, amplified and used to produce im-
age on aviewing screen or photographic plate. Theimageiscalled
a Scanning Electron Micrograph.

Pointsto remember

1. Withthe help of dark field microscope movement of the organisms
and the organisms that can not be seen under bright field micros
cope can be seen.

2. Phase contrast microscope is useful in seeing the living cells and
their contents without staining them.

3. Fluorescence microscope is useful for direct demonstration and
immunological demonstration of organisms and antigen and

antibody.
4. Electron microscope can magnify the objects million times, and
one can see whole céllular structures.
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Chapter - 3

CONTROL OF MICROORGANISM S

Microorganisms, both beneficial and harmful are present every-
where. Man prefersto culturethe beneficia onesand at the sametime
wantsto control the growth of undesirable, harmful, pathogenic ones.
Evenin culturing an useful microbe, contamination by another useful
organism hasto be controlled asthe | atter becomes a contaminant.
Thismicrobia control becomes necessary to prevent transmission of
diseases, contamination, deterioration of materialsused and spoilage
of food. In contrast to sterilization which completely removesor kills
themicroorganismscontrol isamedinthereductionintotal microflora
or microbid activity.

Microorganismsmay be controlled by removd, inhibition or kill-
ing by physical or chemical agents. The physica agentsincludedry
heat, steam (moist heat), flame (incineration), radiation, filtration etc.
Antiseptics, disinfectants, detergents, alcohol and heavy metasare
certain chemical agentsused. Theremoval of microorganismsisac-
complished by filtrationand ultracentrifiguation. Theinhibitioniskegping
thecell inastatic condition without allowing it to grow and multiply
using antimicrobia agents. Killingor deathisanirreversiblelossof
ability to reproduce by heat, radiation or chemicals.

Radiation:

Radiation isenergy transmitted through space. Solar radiation
givesthelight energy for photosynthesisand the heat generated en-
ablesdrying and desiccation of materialsand thereby control the mi-
crobesto certain extent. Electromagneticradiation comprising of
light rays(visible light), x-rays, UV rays, gammarays, etc. isthe most
important in control of organisms. Radiation isdescribed by itswave-
length (1) and measured inAngstrom (A) units(1 um=10,000A E;
1nm=10A) anditsenergy in eectron voltas (ev). Theelectromag-
netic spectrumisillustrated infig. 1.
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Radiation with morethan 10ev energy likegammaraysand
X-raysionizethemolecules(ionizing radiation) by driving out elec-
trons. Whenirradiated with theserays cellsrelease free hydrogen
radical, hydroxyl radica and peroxidesthat causeintracellular damage
inavariety of materid sand hencenon- specificintheir effect. Thisaso
produces|esshest intheirradiated material and hencecalled cold ster-
ilization . Thishasapplicationin sterilization of heat sensitive sub-
stances and infood and pharmaceutical products. X-raysarelethal to
all formsof life because of their penetrating ability. But their usein
microbial control islimited because of itshigh production cost and
difficulty in useasthey aregiven off on dl directionsfromitssource..
But theseraysare widdy used to develop microbia mutants.

Wave Length R
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Visible

Fig.3-1. Electromagnetic spectrum of radiant energy
UltraViolet (UV) radiationincludesraysof 150t0 3900 A wave
length, but UV rays of wave length around 2650 A possess the
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highest bactericidal property. Most UV lamps (germicidal lamps)
emit UV rays of 2600 to 2700 A and are used in microbiological
laboratories, hospital operating rooms, asepticfillingrooms, in phar-
maceuticd industry wheresterilemateridsarefilledinviasandinfood
and dairy industriesto control microbeson surfaces. UV rayshaveless
energy, very little penetrating power and do not cause ionization
(non-ionizing radiation) but absorbed. Microorganismson surfaces
directly exposedto UV raysaoneare destroyed asalarge portion of
theseraysare filtered even by athinglass. TheUV lightisa so present
insolar radiation (sunlight) but most of theshorter wavelength UV rays
et filtered by cloudsand smoke of atmosphere and only raysof 2670-
3500 A wave length reach the earth’s surface. This explains the limited
degreeof germicida effect of sunlight.

Chemical Agents:

Antimicrobial chemica agentsare many and avariety of chemi-
calsinhibit the growth and metal bolism of the organism or kill them.
Some of these agentsare used as antisepticsand some othersare used
asdisnfectants.

Antiseptic agent isasubstancethat preventsgrowth/or activity
of microbeseither by destroying them or by inhibiting the growth and
metabolism (Antisepsis X sepsis). Thetermisused for substances
that is applied on body like ethyl alcohal, spirit, tincture iodine,
hexylresorcinols

Disinfectantsare chemicdsthat kill thegrowing formsof patho-
gensbut do not kill resistant sporeforms. Disinfection destroysinfec-
tiousagents. These chemicasareapplied on inanimate objectslike
floor and work benches. Phenols, mercuric chloride, hypochl orites,
chloraminesetc. aredisinfectants. In certain caseslike phenol and
hypochloritesalow concentrationis used to disinfect thewoundson
living organismsand ahigher concentrationto disinfect inanimate sur-
faces. Theformer islike antiseptic agent whilethelatter isatruedisin-
fectant.

Depending uponthetypeof usageandtheir effectivenessagangt
different microorganismsthe chemica sthat control microorganismsare
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alsodesignatedas Santizer, Germicide (Microbicide), Bactericide,
Bacteriostatic etc. Sanitizing agent (Sanitizer) reducesthemicrobia
popul ation to safe levelsas per the public hedth standard. Theseare
mostly employedindaily care utensils, in dairiesand food industries.
Germicideisanagent that killsthegrowing formsand not theres stant
sporeformsof germs. Bactericideisan agent that killsbacteria(Bac-
tericidal agent). Fungicideskill fungi. Virucide, sporicideare agents
that kill viruses and spores respectively. An agent that preventsthe
growth of bacteria (withoutkilling) is called Bacteriogtatic. Fungi-
static agent stopsthegrowth of fungi.

Phenals:

In the 19 century, prior to the discovery of disinfectantsand
antibioticsdeath dueto post operative wound infection wasvery com-
mon. Joseph Lister, English Physician, for thefirst timeused dilute
solutionsof carbolicacid (Phenol) which killed bacteriaand he used
to soak surgical dressings. Woundstreated with such materialsheaed
quickly. Heapplied phenol solutionto surgical incision and woundsto
prevent infection and sprayed phenol in operating room to control in-
fection. Thecredit of introduci ng anti septic agentsgoesto Joseph Ligter.
Antimicrobid action of any compoundiseva uated usng phenol asstan-
dard and the processis called phenol-coefficient technique. Phenal,
cresol, phenyl pheno, hexyl resorcinol are some phenolic compounds
used asdisinfectants.Agueous solutions of 2 to 5% phenol isused to
disinfect sputum, urine, feces, contaminated utensilsetc. Diluted phe-
nol isused in detergentsto enhance disinfection property. Hexylresor-
cinol, astrong surfacetensionreductant, asasolutionin glycerineis
used asantiseptic. Theantimicrobid action of phenolic compoundsis
duetodisruption of cellsandleakage, precipitation of cell proteinsand
inectivation of enzymes. Thelethd effect isdueto damageto themem-
brane structures.

Alcohols:

Alcohols in genera have germicida property with anincrease
in germicidd actionwiththeincreasein molecular weight. Ethyl alco-
hol ismostly used. Methyl acohol islessbactericida and poisonous.
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Except propyl a cohol the higher alcoholslike butyl, amyl etc are not
used becauseof theirimmiscibility withwater. Ethyl dcohol (Ethanal)
between 50 and 90% i seffective againgt vegetative and non spore form-
ing cellsbut 70% ismore common in use. Ethanol (70%) isusedin
surface sterilization in laboratory, as anti septic agent on skin before
injection and a sofor disinfection of ora thermometers. Alcohol con-
centration of 60% and aboveiseffectiveagainst virusestoo.

Theantimicrobial action of adcohol isduetoitsdenaturation of
proteins, solubilization of lipidsof cell membraneand by dehydration of
cdls. Absoluteacohol (freefromwater) isineffectiveagaing dry cells
because of itspoor penetrating ability than itsaqueoussolutions.

Heavy metals

The heavy metalslikemercury, silver and copper and their
sdtsareeffectiveanti microbia agents. Mercuric chloride (bichloride
of mercury) at 0.1% concentrationissued asasurface sterilizing agent
inlaboratory. Becauseof itscorrosiveaction on metalsand toxicity to
animalsitsuseislimited. Organic compoundslike mercurochrome,
merthiolate arelesstoxic and therefore used as antiseptics on cutane-
ousand mucosal surfaces.

The practiceof treating the eyes of new born babieswith afew
dropsof 0.1% silver nitrate to prevent the gonococcal infection of
eyesiswell known. Silver nitrate at 0.1% is bactericidal to most
organismsanditiswidely used. A colloidal solution consistingof a
protenwithmetalicslver or Slver oxideisa so used asantiseptic. The
Bordeaux mixture, thefirst known fungicidedeve oped to combat downy
mildew of grapesisamixture of copper sulphateandlime. Eventoday
copper fungicideslike copper oxychloride are availablein market.
Copper sulphateismore effective against dgae, fungi and bacteria. It
isused at 2ppm levelsto control agaein swimming pool.

Theantimicrobia activity of heavy metdsisdueto their combi-
nation with proteinsand their inactivation. At high concentrationsthey
coagul ate cytoplasmic proteinsresulting in damage or death of cells.
Mercury reactswith sulfhydryl groupsof enzymesand inactivatesthem.
To beeffective asdisinfectantsthey haveto be used after cleaning the
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organic matter asits presencereducestheir action. Copper istoxicat
high concentration. It isto be noted herethat copper athoughtoxicis
required intracesfor thefunction of certain copper containing enzymes.
Thelethal effect by certain metalsat very small amountson bacteriais
known asoligodynamic action.

Halogens:

Among the hdogensfluorine, chlorine, bromine, iodineand as-
tatine, chlorineandiodinearewidey used asanti septicsand disinfec-
tants. Chlorineintheform of compressed gas(inliquidform) isused
inpurification of municipa water. Safehandling of gasisdifficult and
requires equipments and therefore chl orine compounds are preferred
for practicd use. Thetraditional practice of application of bleaching
powder to well water in choleraproneareas, intoiletsand in unhy-
gienic placesprovidesthechlorinethat killsmicroorganisms. Hypochlo-
riteslikeca cium hypochlorite Ca(OCl),, dsoknown aschlorinatedlime
and sodium hypochlorite (NaOCl) and chloramineslikechloramine-T
and azochloramides are used as disinfectants, anti septicsand as sani-
tizingagents.

Semmeweis, aHungarian, used hypochlorites asantisepticsin
obstetricd practiceto reducetheincidenceof childhood fever. Wash-
ing handsin hypochlorite sol ution prevented the spread of infection
after examiningthepatients. Chlorinecompoundsareusedto disinfect
woundsand treat athletesfoot. Sodium hypochlorite of 1% concentra-
tion is used for personal hygiene and 5-12% is used as household
bleaches, disinfectantsand sanitizing dairy and food processing equip-
ments. The concentration of hypochlorite used should provide atleast
1ppm of residua chlorine.

Themode of action of chlorine and its compoundsisthrough
formation of antimicribid hypochlorousacid (HCIO) whenchlorineis
added to water or formed due to hydrolysis of hypochlorites and
chloramines. The nascent oxygen rel eased upon decomposition of
hypochlorous acid oxidizes cellular componentsdestroying thecells.
Thedirect action of chlorinewith proteinsof cell membraneand en-
zymesaso hasakilling effect.
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lodine, theoldest germicidal agent isusedintheform of tincture
iodinea2%iodinein 2% sodium iodidediluted in acohol isused, as
iodineisreadily solublein alcohol and agueous sol ution of potassium
iodideasitisonly dightly solublein water. lodophores, (e.g. Polyvi-
nylpyrrolidone) mixturesof iodineand surface active agentsthat act as
cariersand solubilizersfor theiodinearea so used asgermicides. These
arenonstaining unlikeiodineand havelow irritant propertiesthan tinc-
tureiodine.

lodineisbactericidd effectiveagainst dl kindsof bacteria, spori-
cida, fungicldal andto someextent virucidal. Itssolutionsareused as
disinfectant on skin. Itisalso used for disinfection of water, air and
sanitization of utensils. Theantimicrobial actionisduetoitsstrong
oxidizing power, inactivating proteinswith sulfhydryl groupand halo-
genation of tyrosine unitsof enzymesand cellular proteins.

Apart from the chemical agentsdescribed abovethereare sev-
eral antimicrobial agentsused in day to day use in different places.
Triphenylmethane dyeslike maachite green and crysta violet areused
inmediatoinhibit Gram positivebacteria. Acridinedyeslikeacrifla
vineand tryptoflavininhibit staphylococci and gonococci and areused
inthetreatment of burnsand wounds prior to antibioticdiscovery. De-
tergents like soap used for cleaning surfaces act by wetting or de-
pressing surface tension. Quaternary ammonium salts (Cetrimide,
Ceepryn etc) areused in detergentsand al so as disinfectants, sanitizing
agent, used on skin, asapreservativein ophthalmic solutionsandin
cosmetic preparation.

Aldehydes(forma dehyde and glutaral dehyde) aremicrobicida
and sporicida. Formaldehyde (Formalin) isused to sterilize closed
areaand vapourizes at room temperature and actsin gaseousform.
Glutaraldehydeisusedin sterilizing urological instruments, lensed in-
strumentsand respiratory therapy equipments. Therearecertain gas-
eousagentslike Ethyleneoxideand 3 —propiolactone. Ethylene oxide
isan effectivesterilizing agent for heaet and moisture sensitivematerids.
Spiceslike pepper, biologica preparaions, soil, plastic, syringes, tongs,
blood transfusion gpparatusand catheterization equipmentsare stexil -
ized by ethyleneoxide fumigation.
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Evaluation of antimicrobial action:

Thechemical agent i stested against aspecified microorganism
(test organism) in Tube- Dilution and Agar-plate Techniquesand
the decreasein the growth, or compl ete absence of growth isrecorded.
Water solubleliquid substances are diluted and dispensed into sterile
tubes. A measured quantity of test organismisinoculated and at inter-
vals, atransfer ismadefrom thistubeto other tubes containing sterile
media

K & D 3 >
- — S
Clear Turbid Clear Slightly Turbid
Turbid
A B
Bacterial growth Increased growth with decrease in the

chemical concentration
Fig. 3-2. Laboratory evaluation of antimicrobial agent
Thesetubes areincubated and the appearance of growth isob-
served. By performing aplate count at specified interva sthe number
of organismskilled per unit time can a so be determined by thismethod.

The chemica agent can a so betested by incorporatingitinto an
agar medium or broth to which thetest organismisinoculated. The
decreasein the growth or absence of growth shall be assessed after a
period of incubation. Broth or agar medium without thechemica agent
and inocul ated with the organism will serve asastandard for compari-
son. Theinhibitionby achemica canbeassessed by placingthechemicd
agent in agar mediuminoculated with thetest organism. After incuba:
tiontheplateisobserved for inhibition zone. Usually asolution of the
test chemical isimpregnated into absorbent(filter) paper or pouredin
hollow cylindersor in agar wells cut by means of asterile cork borer.
Gaseous substances are eval uated by exposing paper stripsimpreg-
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nated with bacteria sporesunder specific conditionsand then assess-
ingthesurvivorsafter exposure.

Table-1: Anexample of phenol coefficient method of testing adisinfec-
tant with Saphylococcus aureus

Subculture tubes
Dilution : . )
5min. [ 10min | 15min
Disinfectant (D) 150 0 0 0
1:100 + 0 0
1:150 + + 0
1:200 + + +
Phenol 1.50 0 0 0
1:60 + 0 0
1:70 + + 0
1:80 + + +
Phenol-coefficient of D 100:1.66 - - -
60

Phenol-coefficient method isa tube—dilution technique uni-
versdly followed official test. Phenol-coefficientisdefined astheratio
between thegreatest dilution of the disinfectant killing thetest organ-
ismin10minandnotin5mintothegreatest dilutionof phenol killing
thetest organismin 10 minand not in 5 min. As phenol isused as
standard for comparison thisis known as phenol-coefficient method
andis suitablefor testing disinfectants miscible with water and have
antimicrobia action smilar to phenol. A seriesof dilution of thedisin-
fectant tested is prepared and dispensed in 5ml quantitiesintest tubes
towhich 0.5ml of 24h old broth culture of thetest organism either
Salmonellatyphi or Saphylococcus aureusisinoculated. Simulta-
neoudy aseriesof dilutionsof phenal isprepared and the same amount
of inoculumisadded. Both the set of tubes, those containing thedisin-
fectant and thetest organisms and phenol and thetest organismsare
placedin awater bath at 20°C. Subculturesare madewith theinocu-
lation needleinto steriletubesof mediumat 5,10and 15 minintervals,
incubated and observed for growth. Thehighest dilution of thedisin-
fectant tested killing the test organismin 10minand notin5minis
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divided by thehighest dilution of phenol showing similar result to deter-
minethephenol coefficient. AnexampleisgiveninTable.1& Fig.1
Thislaboratory test providesreliableinformation about the practical
applicationof disinfectants.

Points to remember

1. Radiationistransmission of energy through space

2. Ultraviolet radiation includes rays of wavelength ranging from
150-3900A..

3. lonizing radiation is due to gamma and X-rays. UV rays cause
non-ionizing radiation.
4. Germicidal lampsemit UV raysof 2600 to 2700 A wave length.

5. Solar radiation possesses UV rays but they are mostly filtered by
the atmosphere.

6. Antiseptic agents are used over skin and wounds.

7. Disinfectants are used to kill growing forms of pathogens on
inanimate objects

8. Joseph Lister was the first to use phenol as an antiseptic agent.
9. Alcohol denatures proteinsand solubilizeslipids.

10. The antimicrobial activity of heavy metalsis caled oligodynamic
action.

11. Copper sulphateisused as afungicide, bactericide and an algicide.
12. Chlorineisused asadisinfectant in water purification.
13. lodineiseffective against al kinds of bacteriaand spores.

14. Detergents contain antimicrobial compounds like quaternary
ammonium bases.

15. Formalin denatures protein and acts in vapour phase.

16. Ethylene oxide is used to fumigate spices and biological
preparations.

17. Mercuric chloride solutions are not used to disinfect metallic
surfaces.

18. Phenol-coefficient method is used to evaluate the antimicrobial
compound in comparison with phenol.
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Chapter -4

ENERGY AND ENZYMES

Any living organism, a bacterium, plant or animal, sustains on
nutrients or food substances that serve as carbon and energy source.
The work performed by a living organism depends on certain chemical
reactions. All organized essential chemical changes that occur in aliv-
ing cell (or organism) are collectivelly termed ‘“Metabolism” (Gr:
metabole=change). Metabolism comprises of catabolism and anabo-
lism.

Catabolism is the breakdown of food that yields material for
the synthesis of cell itself and the energy for cellular activity like motility,
reproduction and for synthetic activities. This is an energy production
process. Anabolism comprises of all the synthetic and cell building
activities of the cell utilizing the energy liberated from the breakdown
processes.

Catabolism and anabolism are continuous, simultaneous and linked
processes in normally growing cells, the former constantly furnishing
the necessary material and energy and the latter constantly replacing
the worn out or used up constituents of cells by synthesis of new sub-
stance. Metabolism ceases permanently only with death. However,
metabolism of many unicellular organisms can be stopped without loss
of viability for many decades under conditions of lack of nutrients, freez-
ing, drying, chemical microbiostasis or in dormant spores.

Glycolysis

Glycolysis, the splitting of sugar to derive energy is a type of
catabolism of glucose widely occurring in microorganisms, plants and
animals. As glycolysis does not require the presence of oxygen it oper-
ates in both aerobic and anaerobic cells.
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Aerobic condition

Glycolysis Respiration
Glucose =~ ——— > Pyruvate —> (CO, +H,0
02
Anaerobic condition
Glycolysis Fermentation

Glucose — > Pyruvate —> Fermentation products

In glycolysis, the glucose is phosphorylated utilizing one Adenosine
triphosphate (ATP) to form Glucose-6-phophate which is converted to
Fructose-6-phosphate then to Fructose 1,6-diphosphate utilizing an-
other ATP molecule. Fructose 1,6-diphosphate, a six carbon com-
pound is splitinto two — three carbon compounds viz., Dihydroxy
acetone phosphate and Glyceraldelyde-3-phosphate.

These two compounds are in equilibrium but the tendency is to
swing towards the latter. Glyceraldehyde-3-phosphate is oxidized to
pyruvic acid through several intermediates. During this process two
Adenosine diphosphate (ADP) molecules are converted to ATP mol-
ecules per molecule of Glyceraldelyde-3-phosphate oxidized.

As two Glyceraldehyde—3—phosphates (2 x 3 carbon) are formed
per molecule of glucose (6 carbon), oxidized 4 ATP molecules are
synthesised while 2 ATP molecules are utilised in the synthesis of Fruc-
tosel,6-diphosphate from Glucose with a net yield of 2 ATP molecules.
Hence the overall reaction in glycolysis is

Glucose —>  Fructose 1,6 — Glyceraldehyde-3 —> 3-Phosphoglyceric acid (2)

(—2ATP) diphosphate phosphate (2) (+2 ATP)
— Phosphoenol pyruvic acid 2) — Pyruvic acid (2)
(+2 ATP)

C¢H,,0c +2NAD +2ADP+2Pi —> 2 CH; COCOOH+ 2 NADH,+ 2 ATP

Glucose Pyruvic acid
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Glucose

—

ATP

Hexokinase

> ADP

Glucose-6-phosphate

— ATP
Phosphofructokinase

> ADP

Fructose-1-6-diphosphate

v

v v
ihydroxyacetone < »  Glyceraldehyde-3-
Phosphate phosphate
NAD HaPO4
NADH,
1.3-diphospho glyceric acid (2)
ADP 1
ATP

3 — phosphoglyceric acid (2)
2-phosphoglyceric acid (2)

Phosphoenol pyruvic acid (2)

ADP
ATP 1 I
Pyruvic acid (2)
Fig.4-1. Glycolytic pathway of glucose metabolism (also called Embden-Meycerhof

pathway after its discoverer).

Another process of catabolism of glucose exists in both pro-
caryotic and eucaryotic cells enabling synthesis of pentose phosphates
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and hence called pentose phosphate pathway. It involves some re-
actions of glycolysis pathway (shunt of glycolysis) and hence called as
Hexose monophosphate shunt. Since phosphogluconic acid is an
intermediate product it is also known as phosphogluconate pathway.
This method of catabolism of glucose is not a major energy yielding
process in most microorganisms but provides reducing power NADPH,
required for biosythetic reactions and pentose phosphates like ribose
phosphates for the nucleotide synthesis. Itis also a process of obtaining
energy from 5 carbon sugars. Entner-Doudoroff pathway, another
process of glucose catabolism, is found in aerobic and anerobic
procaryotes and not in eucaryotes is widespread among Gram-nega-
tive bacteria. The ultimate product is pyruvic acid which is catabolized
through TCA cycle.

Yeasts
—— Ethyl alcohol + CO»

N Acetic acid, Gluconic acid,
Kojic acid

Lactic acid

bacteria

(Homofermentation)

L » Lactic acid only

Lactic acid

bacteria

Pyruvic acid ) (Heterofermentation)

Lactic acid + acetic acid +

formic acid + ethyl alcohol

Propionibacterium
Propionic acid + Acetic acid + CO»

Acetone- butanol
bacteria

=" 5 Acetone, butanol, butyric acid,

acetic acid, formic acid, ethyl
alcohol, Hy, CO,

Fig.4-2. Metabolites formed from pyruvic acid

Pyruvic acid is the key intermediate for many of the metabo-
lites formed by both aerobic and anaerobic organisms. In aerobic or-
ganisms pyruvic acid is completely oxidized to CO, deriving its entire
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energy through TCA cycle whereas in anaerobic organisms this is re-
duced to ethyl alcohol, lactic acid, acetic acid, butyl alcohol, etc.,.

Fermentation

Fermentation is an energy yielding reaction in anaerobes occur-
ring in the absence of oxygen. In fermentation industries any process
employing microorganisms for commercial production of alcohol, ac-
etone, vinegar, antibiotics, etc., is designated as fermentation regard-
less of whether the process is aerobic or anaerobic. Butin scientific
usage fermentations are energy yielding reactions occurring in anaer-
obes which use organic compounds as electron donors and acceptors.
In other words oxygen (or other inorganic compounds) is not the ter-
minal electron acceptor in fermentation. Souring of milk to curdis a
fermentation process wherein lactose is converted to lactic acid. Ris-
ing of dough in bread and souring of idly batter are also fermentations.
Similarly toddy tapped from the inflorescence of palmyrah and coconut
palms where the sugary juice is converted to ethyl alcohol by naturally
occurring yeast is a fermentation process. Alcohol production in distill-
eries from molasses, the sugar industry by product, employing yeast, is
a typical fermentation process.

The Tricarboxylic acid cycle

The Tricarboxylic acid (TCA) cycle is so named because of
the formation of tricarboxyclic acids like citric acid and isocitric acids.
It is also known as Sir Kreb’s Citric acid cycle after its discoverer
Hans Krebs or as citric acid cycle. This cycle functions both like a
catabolic (breakdown) and also as anabolic (synthesis) as the pyruvic
acid is completely oxidized to CO, (catabolic) through several inter-
mediates that serve as precursors for the biosynthesis of amino acids,
purines, pyrimidines etc.,. Since both catabolic and anabolic processes
occur together in this cycle it is called amphibolic cycle. Further the
sequence of reactions in this cycle generate energy in the form of ATP
and reduced coenzymes molecules (NADH, and FADH,) that are uti-
lized in respiratory chain to generate ATP. This is the method of energy
production by aerobic process.
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Pyruvic acid
Acetyl CoA
Oxaloacetic
acid
Malic acid
Citric acid
Fumaric acid
Isocitric acid

Succinic acid

\ CO,
o - ketoglutaric acid

Succinyl CoA

‘1\/

CO,
Fig.4-3: Tricarboxylic acid cycle

In the TCA cycle a bypass called Glyoxalate bypass occurs
with the formation of glyoxalate and succinate from isocitric acid. The
former ultimately forms malate by condensation with acetyl CoA. This
cycle operates when the microorganisms use 2 carbon compounds like
acetate as sole carbon source or in the oxidation of higher fatty acids
cleaved to acetyl CoA without the intermediate pyruvic acid. This path-
way does not occur in higher organisms because they do not utilize 2
carbon compounds.
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Catabolism of Proteins

Proteins are complex organic nitrogenous compounds com-
posed of amino acids linked by peptide bonds. Amino acids are the
building blocks of proteins and each protein contains 20 different kinds
of amino acids. There are various kinds of proteins and each type has
its specific sequence of amino acids in 3-dimensional structure. When
large number of amino acids are joined together by peptide bonds it is
called polypeptide chain. Proteins consist of one or more polypeptide
chains which range from fewer to hundred amino acid monomers or
residues or even thousand residues. Microorganisms can synthesize all
the amino acids required with a few require external supply of one or
more amino acids. Escherichia coli can synthesize all the amino acids
for protein synthesis. On the other hand lactic acid bacteria must be
supplied with preformed amino acids. The catabolism of proteins yields
the amino acids.

Proteases Peptidases
Proteins Peptides Amino acids
4> 4»

Microorganisms can degrade proteins utilizing them as a source
of carbon and nitrogen. As the protein molecules are large and cannot
enter the bacterial cell they elaborate exoenzymes called proteases which
hydrolyze proteins to smaller peptides that are transported into the
cytoplasm. Peptidases break the peptides to the individual amino ac-
ids. The amino acids are broken down according to the specific re-
quirement of bacteria metabolizing protein and the carbon skeletons
are oxidized to compounds that enter TCA cycle via acetyl CoA, o.-
keto glutataric, succinic, fumaric or oxaloacetic acids.

Catabolism of lipids

Lipids are triglycerides containing fatty acids and glycerol. Fat
or fat like substances are present in all living cells. Braun’s lipoprotein is
present in the cell wall of Gram negative bacteria. Phospholipids and
lipopolysaccharides of membranes and the fat like cytoplasmic inclu-
sion- poly 3 hydroxybutyrate in bacteria are all fatty substances only.
Most of the microorganisms use glucose as energy source but many of
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them can derive energy from lipids and proteins as well and convert
them to intermediates of glycolysis or TCA cycle.

Lipase
Lipid ——® Glycerol + Fatty acids
H, O
Glycerol kinase
Glycerol + ATP — % ADP + Glycerol-3-phosphate
Mg++

Glycerol phosphate
dehydrogenase

Glycerol-3-phosphate + NAD* ——— ¥ Dihydroxyacetone
phosphate+ NADH,

The lipids are broken down by enzymes called lipases to fatty
acids and glycerol. The glycerol is phosphorylated to Glycerol-3-phos-
phate that is converted to dihydroxyacetone phosphate which is bro-
ken down through glycolysis. Fatty acids are oxidized by B-oxidation
by the successive removal of 2 carbon units. In that process acetyl
CoA is formed which enters TCA cycle. The hydrogen atoms and their
electrons enter the respiratory chain. Energy yield per gram of fat is
more than per gram of carbohydrate. That is why fatis considered as
areserve product which can be utilized when required. However, be-
cause of the limited solubility of lipids only a few species metabolize
lipids effectively.

Energy

Energy is required by bacteria for construction of wall or mem-
brane, synthesis of enzymes and other cellular components, for repair
of damage if any, for growth and multiplication. Most cells obtain en-
ergy by carrying out chemical reactions that liberate energy. Light is a
source of energy but this is converted to chemical energy to be useful
for the cellular work. During chemical reactions energy is either re-
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leased or absorbed and the quantum of energy liberated or taken up is
the useful energy and is referred to Free Energy Change (AG) of the
reactions. This is expressed in calories for convenience even though
the force energy may be in the form of heat or chemical energy. Chemical
reaction shall be either that releases energy (exergonic reaction) or re-
quires energy (endergonic reaction) which is expressed by negative
and positive value respectively. As concentration of reactants affects
the value of AG and for purpose of valid comparisons of energetics of
different reactions, standard concentration of all reactants is presumed
as 1.0.M.

Carbohydrates

Protei
(Other than glucose) roteins

Lipids

GcheroI Glucose Peptides

Fatty acid Ammo acids
\Pyruvc acid
Acetyl CoA
TCA cycIe
2002
Resp|ratory chain
H20

Fig.4-4. Metabolism of carbohydrates, lipids and proteins

The free energy change (AG) under standard concentration is
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referred as (A G°) which is the amount of free energy released or
absorbed when 1 mole of the reactant is converted to 1 mole of the
product at 25°C and one atmosphere of pressure where all reactants
or products are maintained 1.0 M concentration. The (AG®) at pH is
7 designated as (A G°).

In a sequence of reactions energy generated by a reaction can
be utilized to drive another reaction requiring energy. Living organisms
have exergonic reactions coupled with endergonic reactions through a
common reactant to continue life. The common reactant is called en-
ergy rich or energy transfer compound.

High Energy phosphates

High —Energy-Transfer compounds are those capable of trans-
ferring large amount of free energy and a variety of such compounds
exists in cells and the break down of a molecule by enzyme releases the
energy. Ahigh energy-transfer molecule is similar to a mouse trap when
set has great energy in the spring opposing the action of the catch.
Tripping of catch is similar to the breakdown releasing the energy.

Andenosine triphosphate (ATP) is the most important high en-
ergy transfer component found in the cell. This is the “energy currency”
of the cell in the exchange of energy between exergonic and endergonic
reactions. There are other energy rich compounds available in the
cell. Each molecule of Adenosine, guanosine, uridine and cytidine triph-
osphates release —7.3 a AG®’ Kcal mol . The AG®* value for acetyl
phosphate (—10 Kcal mol™! )1,3 diphosphoglyceric acid (—11.8 Kcal
mol ! and phsphoenol pyruvic acid (-14.8 Kcal mol™!) are also high
energy compounds.

It is seen from above that all these compounds contain phos-
phates and phosphorylated compounds have high energy. Hydrolysis
of ATPreleases energy with the formation of Adenosine diphosphate
(ADP) which is also a high energy transfer compound that yields
Adenonine monophosphate (AMP).
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—7.3 Kcal mol!

ATP + H,0 > ADP + H;PO,, AG®

—7.3 Kcal mol!

ADP+ HZO > AMP + H3PO4, AGY

AMP + Hzoe Adenosine + H3PO4, AG® = —2.0 Kcal mol

In the intact cell depending upon the pH, concentration of ATP,
ADP,Mg** etc., the free energy of hydrolysis of ATP within the cell is
closer to—12.5 Kcal.

Energy is released during oxidation-reduction (O/R) reactions,
oxidation is loss of electron and the reverse is reduction which is gain of
electron. Oxidizing agent (oxidant) will absorb electrons and get re-
duced while a reducing agent (reductant) donates an electron and gets
oxidized in the process. An oxidant and a reductant are involved. A
hydrogen atom consists of one proton and one electron and the re-
moval of Hydrogen is also oxidation process as an electron is lost in the
removal. Therefore oxidation-reduction reactions are dehydrogena-
tions involving loss of hydrogen atoms.

Fettt + ¢ > Fe*t*
Ferric ion + electron Ferrous ion
(Oxidizing agent) (Reducing agent) |
2Ht +2 ¢ > 2H
Hydrogen ion +electron  Hydrogen atom 2
Fe*t* > Fettt + e
Ferrous ion Ferric ion electron ...

In the above two processes Ferric ion and Hydrogen ion are
oxidizing agents that accept an electron and get reduced. Inthe process
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(3) ferrous ion, a reducing agent, donates an electron and gets oxidized
to Ferric ion.. The above processes indicate that reverse of each oxi-
dation is reduction and the reverse of each reduction is oxidation and in
each reaction a pair of substances viz., areduced and an oxidized form
(eg.) Ferrous and Ferric ion are involved. Such a pair is called oxida-
tion-reduction (O/R) system. An O/R system (A) may absorb an elec-
tron from another system (B) thus oxidizing (B). The power of ten-
dency to absorb electrons is expressed as standard oxidation-reduc-
tion potential or electromotive free (E’) of the O/R system. E  is
measured electrically under standard conditions wherein €™ donor and
its conjugate at 1.0 M concentration at 25°C and pH 7 and expressed
in volts. The more positive the E | the greater is the oxidizing ability of
the system. When one O/R system oxidizes another energy is
released. If the voltage difference is large, an amount of free energy
enough to synthesise ATP may be liberated. There are a variety of
O/R systems in living organisms (Table 1).

Table 1: O/R system in the respiratory chain

O/ R system Eo’ V
NAD /NADH, Nicotinamide

Adenine dinucleotide -0.32
FAD / FADH, Flavin adenine

dinucleotide -0.03
CoQ / CoQH, Coenzyme Q (Ubiquinone) +0.04
Cyt. b — Fe3* / Cyt. b Fe** Cytocromes +0.07
Cyt. a3—Fe3+ / Cyt. a3 Fe2+ +0.53
Oxygen / Water +0.82
Respiration

In respiration oxidation of organic compounds occurs and the
oxidizable substrate is the primary electron donor. Glucose (CqH;,0¢)
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is oxidized to pyruvic acid (CH; COCOOH) which is ultimately
oxidized to CO,. The energy contained in glucose is fully liberated as
the Cis completely oxidized to CO,. In this respiration the terminal
electron acceptor is oxygen (oxidant) Anaerobic respiration also oc-
curs in some organisms where other inorganic compounds (other than
oxygen) like NO;™, SO~ or organic compounds like fumarate serve as
final electron acceptor. In fermentation an organic compound is the
final electron acceptor and the oxidizable substrate is the electron do-
nor. For instance in glucose (CgH;,0¢) fermentation by yeasts etha-
nol (C,HsOH) and CO, are formed. Ethanol is more reduced and still
contain energy while the CO, does not contain any energy. A part of the
glucose carbon is oxidized to CO, and a part reduced to
ethanol servingas electron donor and acceptor. In photosynthetic
bacteria bacteriochlorophyll serves as € donor and acceptor. In pho-
tosynthesis of plants, eucaryotic algae and procaryotic cyanobacteria
(Blue Green algae) water is the primary electron donor and NADP™ is
the terminal acceptor. The flow of electrons in various processes is
called electron transport chain. The sequences of oxidation-reduction
reactions are mediated by a variety of electron carriers or electron car-
rying enzymes. The free energy released during the flow of ™ in the
electron transport chain is conserved in the form of ATP. As thisis an
oxidative process this type of formation of ATPis known as Oxidative
Phosphorylation. Respiratory chain is an electron transport chain where
apair of e~ or hydrogen atoms containing electron from the substrate
oxidized is coupled to reduction of oxygen to water.

Here the flow of electron liberates energy which is conserved in
the form of ATP. Enzymes having prosthetic groups or coenzymes con-
stitute the respiratory chain. Each of them is an O/R system with an
oxidized and reduced form. They are Nicotinamide Adenine dinucle-
otide (NAD), Nicotinamide Adenine Dinuclotide Phophate (NADP),
Flavin Adenine Dinucleotide (FAD), Flavin mononucleotide (FMN),
Coenzyme Q (also called Ubiquinone) and Cytocromes.

Three ATP molecules are formed per molecule of NADH,
oxidized. Energy production is also done in photosynthesis. Photo-
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synthesis is a process of reduction of CO, to carbohydrate utilizing the
light as energy source using water as reductant. Photoautotrophs like
plants, algae and blue green algae use light as their energy source and
CO, as sole source of carbon. Anoxygenic photosynthetic bacteria do
not use water for photosynthesis but use inorganic compounds like H,,
H,S or H,S,0;, organic compounds like lactate or succinate. Photo-
phosphorylation occurs on both the types of photosynthesis and during
the electron flow energy is released with synthesis of ATP. Cyclic pho-
tophosphorylation occurs in photosynthetic bacteria as the
Bacteriochlorophyl excited by light adoption and releases an electron
which passes high ferredoxine ubiquinone cytochrome b and cyto-
chrome f and returns to bacteriochlorophyll. ATP is synthesised
when e” flows from cyt b to cyt f.

In plant photosynthesis, the absorption of light in pigment sys-
tem-II releases an e” which flows though plastoquinone, cytochromeb
and f and finally pigment system. When pigment system [ absorbs light
an ¢ is released which flows through ferredoxin, flavoprotein and to
NADP?*. The e does not return to its place. Hence known as non
cyclic flow. Two ATP molecules are synthesised when e flows from
cytbtocytf insystem Il and another when e flows to ferrodoxin from
the excited pigment. This type of phosphorylation is non cyclic photo-
phosphorylation.

In both oxidative phosphorylation and photosynthetic phospho-
rylation ATP synthesis is coupled with e transfer. The energy released
during oxidation of an organic molecule to another can also be used for
ATP synthesis. This is known as substrate level phosphorylation and
occurs in glycolysis.

ENZYMES

A multitude of chemical changes occur in living cells in breaking
down complex food substrates into their simpler compounds and also
in synthesizing cellular materials. These changes are accomplished by
enzymes. The word ‘ferments’ was used originally as they acted
similar to yeast fermentation. But Kiihne (1878) coined the term
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enzyme Photomeaning “in yeast” in Greek. Enzyme is defined as an
organic catalyst elaborated by a living cell which accelerates the chemi-
cal changes. All enzymes are produced within the cell but some are
excreted out and function in the cellular environment and many others
act within the cell. Those that are excreted out are known as extracel-
lular enzymes or exoenzymes. These enzymes help in the degrada-
tion of complex food substances that cannot enter the cell directly.
Cellulases excreted by the microbes degrade cellulose into its compo-
nent glucose. Glucose is absorbed by the cell. Those functioning
within the cell are called as intracellular enzymes or endoenzyme.

Enzymes produced by a bacterium, fungi, plants and animals are
similar in characteristics. They are proteins or proteins combined with
other chemical groups. The protein portion is called apoenzyme and
the low molecular weight organic group is called coenzyme. Apoen-
zyme and coenzyme in combination is known as holoenzyme which is
active on substrate. Apoenzyme is a high molecular weight (protein)
compound not dialyzable and inactive against substrate. Coenzymes
are low molecular weight organic compounds easily dialyzable through
a semipermeable membrane and itself is inactive against substrate. On
the other hand when apo enzyme and coenzyme combine together to
become holoenzyme which is active on substrate. Several of the B
vitamins are components of coenzymes.

Apoenzyme + coenzyme —— » holoenzyme
(Inactive)  (Inactive) (Active)

For example thiamine (B, ) is in cocarboxylase, riboflavin in ri-
boflavine adenine dinucleotide and niacin in Nicotinamide adenine di-
nucleotide. In some enzymes the non protein part of the enzyme is a
metal like iron as in catalase. The metal ion may be bound with protein
tightly or loosely bound (easily dialyzable) depending upon the enzyme.
Many enzymes require the metal ions like Mg*, Fe**, Zn** etc. to get
activated. The metal ions combine with enzyme protein and are
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referred as inorganic coenzymes or cofactors. In case of certain
enzymes both a cofactor (Inorganic) and a coenzyme(organic) are
required for enzyme activation.

A substance acted upon by an enzyme is called substrate. Sub-
strate can be a food substance comprising of starch, protein etc. as in
the case of animals which eat food and digest it. In microorganisms,
plant and animal debris containing complexity of materials are the food
subtrates. The subtrate is acted upon by enzymes and get transformed
or degraded to its components. For instance starch is degraded by
amylase, proteins by proteases and lipids by lipases. Proteins after
enzyme action results in amino acids that are the building blocks of
proteins. The cell utilizes the amino acids for its own cellular material
synthesis. Enzymes are specific to substrates. The enzyme lipase acts
on lipids only and not on protein. Similarly proteases act on proteins
only and not on starch or lipid. Therefore a host of enzymes occurina
cell to perform various functions. Over 1000 different enzymes are
known today and more and more will be discovered in the future. Most
enzyme names end in ase (e.g. amylase, protease, lipase) except en-
zymes like rennin and pepsin. Based on the function or catalytic reac-
tions enzymes are broadly classified as Hydrolases (hydrolysis reac-
tion) transferases (transfer functional groups), Oxidoreductases
(electron tranger reactions) as so on.

The action of an enzyme on a substrate is specific and both the
enzyme (E) and the substrate (S) combine together to form an Enzyme
Substrate (ES) complex. The enzyme substrate complex breaks up
after the reaction forming the product (P) and enzyme (E). The sub-
strate is broken down by the enzyme substrate complex which breaks
up after the reaction forming the product (P) and enzyme (E). The
substrate is broken down by the enzymes to its products but the en-
zyme is not lost or used up in the reaction and reacts with another
substrate molecule. It will be of interest to note the specificity of en-
zymes as numerous enzymes and substrates may be present together.
The substrate has a chemical affinity to certain areas of the enzyme
surface which are called “active sites”. The substrate attaches to the
active sites and gets altered according to the enzyme.
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E =Enzyme, S = Substrate,
ES = Enzyme substrate complex P = Products.

Fig. 4-6. Enzyme substrate reaction (a model )

Enzyme regulation by feed back inhibition

All the catabolic reactions are self regulatory. When one of the
reaction products accumulates it naturally suppresses its formation by
inhibiting the enzyme catalyzing its formation. Aliving cell contains more
than a thousand different enzymes but all of them acting togetherin a
coordinated manner so that all the activities of the cell are integrated
with one another. Therefore microorganisms possess a variety of en-
zyme regulatory mechanisms. The enzyme action in a metabolic se-
quence can be regulated, by the end product formed. The end prod-
uct inhibits the activity of the enzyme in first reaction of the
biosynthesis.This type of regulation of enzyme by the end product
is called as end-product inhibition or feed back inhibition. By this
way the microorganisms and cells restrict overproduction of a metabo-
lite like amino acids.

The activity of an enzyme is influenced by (1) the concentration
of enzyme (2) concentration of substrate, (3) pH and (4) temperature.
There shall be an optimum relation between the concentration of en-
zyme and substrate for maximum activity.
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Fig. 4-7 : Feed back inhibition

The function of each enzyme is optimum at a particular pH and
temperature. Extreme variation in pH and high temperatures can de-
stroy the enzymes as they are protein in nature. The activity of an
enzyme shall be inhibited by a chemical and this may be reversible or
nonreversible. Non reversible inhibition is due to modification or inac-
tivation of functional groups of enzyme.

For example mercury reacts with sulthydryl (-SH) groups of en-
zyme and inhibits enzyme action. Reversible inhibition may be competi-
tive or non competitive. Competitive inhibition can be nullified by in-
creasing the concentration of a substrate whereas non competitive inhi-
bition cannot be reversed. Compounds having a similar structure like
that of a substrate can non-competitively inhibit enzyme action. Cer-
tain chemical substances like cyanide have affinity for metals in en-
zymes and cyanide inhibits iron containing enzymes as cyanide ties up
the iron.

Points to remember

1. Inglycolysis one molecule of glucose is converted to 2 molecules of
pyruvic acid.

2. Two ATP molecules are the net gain in glycolysis.
Pyruvic acid is a key intermediate for many different metabolites.

4. In aerobic organisms glucose is converted to pyruvic acid which is
completely oxidized to CO, through TCA cycle.

49

10.
11.
12.

13.
14.
15.
16.

17.

18.
19.
20.
21.
22.

23.

Anaerobic organisms reduce pyruvic acid formed in glycolysis to
compounds like ethanol, propanol and acetone.

Fermentation is an energy yielding reaction in anaerobes.

NADH, is formed in TCA cycle and the energy contained in them is
used up in respiratory chain for ATP synthesis.

Glyoxalate bypass in TCA cycle operates in microorganisms
utilizing two carbon compounds like acetate.

Proteases release aminoacids from proteins.
Lipids are hydrolysed by lipases to glycerol and fatty acids.
ATP contains a higher energy phosphate bond.

ATP is synthesized by substrate level phosphorylation, Oxidative
phosphorylation and by photophosphorylation

One mole of ATP releases 7.3 k cal energy.
Cytochromes are the electron transfer agents.
The terminal electron acceptor in respiration is oxygen

In anaerobic respiration inorganic compounds like nitrate and
sulphate act as terminal electron acceptor and not oxygen.

Enzymes are organic catalysts that accelerate chemical changes in
cells.

Coenzymes are low molecular weight dialyzable organic compounds.
Cofactors are metal components required for the enzyme action.
Apoenzyme is the protein portion of the enzyme.

Enzyme is reused after the reaction with substrate.

Chemical agents like mercury inhibit the sulfhydryl group of
enzyme.

Feed back inhibition is due to the accumulation of the end product
inhibiting the first step of the reaction.
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SECTION-II

Chapter -5
ENVIRONMENTAL MICROBIOLOGY

The study of microorganismswasrecognised inthe early days
for itsexistenceand itsimportancein medica and industria fields. In
therecent days, microbiology isbecoming adiversified subject likeany
other science. Microorganismsare gaining moreimportance asthey
are caus ng seriousenvironmental problems. Theroleof microorgan-
ismsasfightersof pollution hasa so been appreciated.

Environment isthesum totd of externa influencesacting on or-
ganismor population. Environmentincludesweter, air and land and the
inter-rel ati onship, which existsamong and between water, air and land
living organismsand their properties. Thelndian mythol ogy described
theenvironment as ‘Panja Maha Budhas’, Akas, Vayu, Aap, Prith and
Agni (sky, air, water, earth and fire). They all believedtointeract to
maintain the balanced sate both in theenvironment and organisms. In
the environment biochemica changesoccur dueto theaction of micro-
organisms.

Thefirst United Nations Conference on Environment and De-
velopment (UNCED) was held at Stockholm, Sweden on 5t
Junel972. In memory of thedate, the World Environment day is
cel ebrated every year on June 5.

Microbeswerethefirst to appear ontheearth. They areuniver-
sally present and innumerable, agram of soil containsmorethan 100
million microbes. They aredeeply involvedin evolution, biosphere
changesand ecol ogica complexities. Microorgani Smspossessunique
capabilitiesof degradingwastes, generated by industridization and other
activitiesof expanding human population.
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Microorganismsplay aprominent rolein thefoll owing aspectsof
globa ecology. (1) Microbia activities on organic and inorganic sub-
stratesin soil, water, air and cycling of bioelements occupy akey posi-
tioninfood chainand energy flow in biosphere. (2) Autotrophic micro-
organisms participatein primary production along with plants. (3) The
role of microbes as pathogens and symbiontsisimportant in global
ecol ogy.

Microbia ecology and environmental microbiology areclosely
related fields. Microbial ecology isthestudy of microbial activitiesin
natural environment and environmental microbiology isthe study of
microbid activitiesin both natura and man madeenvironments. It has
recently emerged asafield of specialization and applications of mi-
crobesfor solving environmental problems.

5.1 Air pollution

Air pollution may be defined asthe presencein theatmosphere
of one or more contaminantsor combination thereof in such quantities
or may tend to beinjuriousto human, animalsand plants. Otherwise,
air pollution can be defined asany undesirable changein physicd, chemi-
cal and biological characteristicsof air that may be harmful toliving
organismsandliving conditions.

Excessvereeaseof air pollutantsin the atmosphere by human
adtivitiesdisturb thedynamic equilibriumintheatmosphereand thereby
affect man and hisenvironment.

5.1.1 Sourcesof air pollution

Themost common gaseousair pollutantsare carbon monoxide,
sulphurdioxide, oxides of nitrogen, hydrogen sulphide, chlorine,
carbondioxide, hydrocarbon and oxidants. Theother pollutantsinthe
air aredusts, heavy metalslike cadmium and chromium. Themajor
sourcesfor carbondioxide pollutant areincompl ete combustion of fu-
els, automobile exhausts, jet engineemissions, blast furnacesand to-
bacco smoking. The major sourcesfor sulphur dioxide pollutant are
combustion of cod, petroleum industries, oil refining industries, power
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housesand sulphuricacid plantsand metdlurgica operations. Themgor
sourcefor oxidesof nitrogen arein addition to automobile exhausts,
boilers, explosivesindustry and manufacture of nitricacidindustry and
combustion of wood and refuse.

5.1.2. Air pollution impact on human health

Air pollution causesseverd impactsonhumanbeing. Itincludes
toxicity, blood poisoning, increased pronenessto accidents, suffoca-
tion, aggravation of asthmaand chronic bronchitis, impairment of pul-
monary functions, irritation of throat, eyesand nose, headache, irrita-
tion of respiratory tract etc.

5.1.3.Aerosol

Aerosol can bedefined aswater dropletscontaining severd types
of microorganismsreleased into theair from varioussources. Air cur-
rentsmay a so bring the microorganismsfrom plant or animal surface
intotheair.

5.1.4.Droplet, Droplet nuclei

Sneezing, coughing or talking usualy form droplets. Each con-
sigtsof saivaand mucus. Dropletsmay a so contain severd thousands
of microorganisms, which may be pathogenic, if discharged from dis-
eased person. Pathogensare mostly of respiratory tract origin.

Droplet nuclei : Smal dropletsinawarm dry atmospheretend
to evaporaterapidly and becomedroplet nuclei. Thus, theresidue of
solid materid, left over after drying up of adroplet isknown asdropl et
nude.

5.2. Air-bornediseases

The sourcesof microbesinair are many - soil, water, decaying
bodies and diseased persons. Thereare several diseases caused by
air-borne pathogens. They arefound commonlyintheair. Theairis
oneof theimportant routesand anumber of diseaseshave been shown
to betransmitted through air. The important air-borne diseases and
their causativeagentsaregiveninTablel.
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Table - |
S Name of the disease Causative agent
No.
Bacterial diseases
1 Brucdlosis Brucella species
2. Streptococcal pharyngitis Sreptococcus pyrogenes
3. Tuberculosis Mycobacterium tuberculosis
4, Diptheria Corynebacterium diphtheriae
5. Streptococcal pneumonia Sreptococcus pneumoniae
6. Psittacosis Chlamydia psittaci
7. Meningo coccal meningitis| Neisseria meningitidis
8. Pneumonia Mycoplasma pneumoniae
Fungal diseases
9. Cryptococcosis Cryptococcus neoformans
10. Blastomycosis Blastomyces dermatitis
11. Aspergillosis Aspergillus fumigatus
Viral diseases
12. Common cold Rhinovirus
13. Influenza Orthomyxovirus
14. Mumps Mumps virus
15. Measles Measles virus

5.3. Microbial standardsof drinking water

Thenumber of coliforms per 100 ml of water sampleis
estimated tofind out the quality of water and itssuitability for drinking
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purposes. Bureau of Indian Standards (BIS) has prescribed thetol er-
ancelimitsof total coliformsandfeca coliformsinwater. Inadditionto
coliforms, coliphages, d ostridiaand human enteric virusesared so moni-
tored in drinking water. Biological Oxygen Demand (BOD) limitsin
drinking water should be below 3 ppm or 3 mg per litre.

Tablell - Microbial standardsof drinkingwater

illo. Particulars limit
1 Total coliform (MPN /100 ml) <50

2. Fecal coliform (MPN /100 ml) <0.0

3. Coliphages 0.6%

4. Clodtridia 1.9%

5. Human enteric viruses 0.0%

6. BOD mg/ litre <3

Adapted from Payment (1991)

5.4. Sewagetreatment and disposal

Sewage isthe used and waste water consisting of human ex-
creta, wash waters, andindustrial and agricultural wastesthat enter the
sewage system. Ingenera, sewage contains 95 per cent water and 5
per cent organic and inorganic materials. Thesolid remainsinsus-
pended forminwater. Thereare severa methods of sewagetreatment
on small scale such as cesspoolsand septic tanks. Sewage or waste
water treatment aimsto purify thewater for reuse or recycling. There
arethreeimportant treatmentsfor disposal of wastewaster. They are
primary, secondary and teritiary treatments.

5.4.1.Primary treatment

Primary treatment isthe physical removal of 20-30 per cent of
organic materialspresent in sewagein particulateform. It removes
only suspended solidsand floating matter. The particulate material is
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removed by screening, preci pitation of smal particulateand settlingin
basin or tankswheretheraw sewageis pipedinto hugeand open tanks.
Thesolid materid (dudge) isremoved and kept inlandfill / composting
for anaerobic digestion. Theliquid portionispiped into dudgetanks.
Theaccumulated materiasin dudgetanksare subjected to duminium
sulfate or the other coagulants so that the suspended particles, organic
material sand microorganisms should betrapped asin sedimentation
process of water purification. Primary treatment of sewage removes
30-40 per cent of the BOD and secondary treatment isnecessary for
acceptable BOD reduction

5.4.2.Secondary treatment

Itisalso called biological treatment or microbial degradation.
By thisprocess, 90-95 per cent of the BOD and many pathogens are
removed. Therearesevera meansby which BOD canbereducedin
secondary trestment. Reduction of BOD isachieved through mineral-
izetion of small fraction of organic matter and conversion of portionto
removablesolids. Secondary treatment isdone by severa methodsas
described below :

a) Theoxidationpond: Theoxidationpond permitsthegrowth
of aga formson wastewater effluent. Itisused for secondary treat-
ment inrural areasor industrial sectors. Theorganic materialsare de-
graded by heterotrophic bacteriainto simpler formsthat in turn support
thegrowth of algae. Algaeusethesenutrientstoincreasetheir biom-
ass. Air suppliesoxygen for biochemical oxidation of organics. Inthe
secondary treatment, organic matter isstabilized andtheBOD isre-
duced aerobically and thisiscalled asthe activated sludge process.
Duringthistreatment, the sewageliquidisaerated vigoroudy and asa
consequence the organic matter is converted into gases and avery
small amount of thisisincorporatedinto cell biomass. Thissteprelies
onmicrobial activity and henceitisaso referred asbiological treat-
ment.

b)  Thetricklingfilter : Aerobic secondary treatment a so can be
carried out with atricklingfilter. Itisasmplesewagetreatment device
that consists of abed of crushed stone, gravel, slag, or synthetic
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meateria swith drainsmadeat the bottom of thetank. Thusthetrickling
filter hasapile of rocksover which sewage or organic wastesslowly
trickle. A revolving sprinkler issuspended over abed of porous mate-
rial, which distributestheliquid sewage over it, and collectsthe efflu-
entsat the bottom.

c) Theactivated sludgeprocess: Itisaso oneof thewidely
used aerobic treatment systemsfor wastewater in which very vigorous
aeration of thesewageisdone. The sewageis passedinto an aeration
tank from primary settlingtank. Sewageisaerated by mechanicd ir-
ring. Dueto vigorousaeration of sewagefloc-formation occurs. The
colloidd and finely suspended matter of sewageform aggregates, which
arecalledfloccules. Theflocsare permitted to settledown in second-
ary sttlingtank.

5.4.3. Tertiary treatment

Tertiary treatment isamed to remove non-biodegradabl e or-
ganic materials, heavy metalsand minerds. Thesatsof nitrogen and
phosphorus must be removed because they cause eutrophication. By
using activated carbon filtersthe organic pollutants can be removed,
whereasby adding limethe phosphorusisprecipitated asca cium phos-
phate. Nitrogen can beremoved by volatilization asammoniaat high
pH vaues. Ammoniacan be converted by chlorinationto dichloromine,
whichinturnisconverted to nitrogen. Thefina stepin sewagetreat-
ment isdis nfection designed to kill pathogenic microorganisms. Disin-
fection is accomplished by chlorination using chlorine gas or
hypochloride. They react withwater to yied hypochlorousacid, which
Isastrong oxidant and antibacterial agent. Thetreated water can be
used. Tertiary treatment isvery expensive.

5.5. Eutrophication

Water, contai ning optimum nutrients, enriched with organic and
inorganic nutrients, istermed aseutrophy. Theenriched nutrientsalow
excessve growth of agaeand water plantsand that conditioniscalled
Eutrophication. 1t causesdepletion of oxygen, foul smell through gen-
eration of sulphidesand death of non-resistant organisms. It resultsin
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the col oni zation of such water by aparticular group of organisms, cause
sedimentation and eventua ly getsfilled with resistant type of organ-
iIms

5.6. Recycling of waste

Recyclingisnot acomplete process, unlessthelegd and ingtitu-
tional framework can create marketsfor therecycled products. It can
beneficidly utilizethematerial s picked up from the curb.

Many of the solid wastes generated by steel making plants can
bereused and recycled and thus, can become aresourcefor industrial
production or energy productionif properly managed. Theterm ‘recy-
cling’ bears a much greater significance than just providing an alterna-
tivemethod for treatment of solid wastes. Inrecycling, our mainamis
to separatethe hazardous or toxic meta sfrom the solid wastes by easy
and economic means. The metal concentrate thus obtained can be
recharged in ElectricArcfurnace, inpelletized or insinteredform. This
to some extent, cuts down the cost of raw materials. Theresidue
obtained after the separation of thetoxic materials can bereused or
can be disposed off asan eco-friendly substance. There-use of the
residue can beused asbuilding materials.

5.6.1. Composting methods

Compost isdefined asthe mixture of decayed organic matter,
manure etc., added to soil toimprovethe growth of plants. Generaly,
two methods are empl oyed for making compost.

5.6.1.1. Indore method

A compost pitisdug near thecattleshed. Generdly pitsof 3x6x6
areprepared for compost making. Theplant residuesarespread into
the cattle shed to prepare a bed for the cattle. By this process, the
plant materialsarewetted by theexcreta. Thesewet materia sarethen
removed from the cattle shedsa ong with animal’s excreta and spread
into the compost pit. Thewaste materialsare added upto 3 feet from
thebottom of thepit. Over thislayer sufficient quantity of cattledungis
spread and water issprinkled over theselayers. The cattle dung may
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beadded to thepit till thelayer reaches 1 foot abovetheground level.
Proper turning of theseresiduesat regular intervalsof 10 daysgives
good qudity of compost within 8weeks. Thisisan aerobic method.

5.6.1.2. Bangalore method

It isanother method of composting. For thismethod, thearea
selected must beaway from citiesand d soit should bewasteland. In
thismethod of composting, trenches of 4.5to 10 metrelong, 1.5t02.5
metre wide and 1 metre deep aredug. Thetrenchesarefilled with
aternativelayersof refusesand black soil. Theheight of thetop layers
should be about 250 mm in thickness and the layer should be of re-
fuses. Thentherefuselayer iscovered with black soil. Thelayer of
black soil isabout 50 mminthickness. Owing to theanaerobic action
of microbes, thetemperature of therefusesincreasesupto 70°C within
sevendays. Theheat will persistinthe compost massfor 2-3 weeks.
The heat hel psthe anaerobic decomposition of wastesinto the com-
post. It dsokillsal the pathogenic microorganismspresent inthewaste.
Asaresult, good quality of compost isformed within4 months.

5.6.2.Biogas production

Biogas is produced through a process of anaerobicfermen-
tation of organic materials. Biogas consists of 55-70% methane
and 30-45% carbondioxideaswell assmall quantitiesof gaseslike
ammoniaand hydrogen sulphide. Theanaerobicdigestioniscarried
outinanair tight cylindrical tank whichiscalled biogasdigester. A
digester ismade up of concrete bricksand stedl. Gasholder ismade
up of steel, which moves up and down on guide according to quantity
of gasstoredinit. Thesidesof thedrumremaininthedurryto sed the
leskage of gas. Thistypeof digesteriscalled floatingdrumeg. KVIC
(Khadi Village Industries Corporation)

5.6.2.1. Operation of biogas plants

Cowdungis mixed with equal amount of water and madeinto
durry and fed through theinlet into the biogas digester. The digestion
proceeds around atemperature of 35°C, at pH 6.8-7.5 and with suffi-
cient amount of nitrogen and phosphorus. The production of gas sets
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Fig. 5-1. Biogasplant KVIC design
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40-50 days. Thegasproducedinthedigester isaccumulated inthe
drum and isused asafuel through an opening on thetop of the gas
holder drum.

5.6.2.2. Production of biogas

Under anaerobic condition, production of biogasisaccomplished
in three stages, namely hydrolytic fermentative, acetogenic and
methanogenic stages.

Hydrolyticfermentative stage

Itistheinitid stagewhenfeed stock issolubilized by water and
enzyme. Thecomplex polymersare hydrolysed into organic acidsand
acohol by hydrolyticfermentative bacteria. Thefirst group of bacteria
include Bacillus, Cellulomonas, Clostridium, Ruminococcus. These
bacteriacatabolize carbohydrates cellulose, proteins, lipidsto simple
sugarsandfatty acids.

Acetogenic stage : In this stage, the second group of bacterialike
Acetivibrio cellulosolvens, Bacteroid cellulosolvens (Facultative
anaerobic and hydrogen producing acetogenic bacteria) convert the
simple organic materias (viaoxidation- reduction reactions) into ac-
etate, hydrogen and carbondioxide. These substances serveasfood
for final stage group of bacteria.

M ethanogenic stage: Thisthefina stageof anaerobic digestion where
acetate hydrogen and carbondioxide are converted by the strict obli-
gate anaerobic methane producing bacteriainto methane (biogas),
carbondioxideand other traces of gases. The methanogenic bacteria
include Methanobacterium formicum, Methanobacterium
thermoautotrophicum, Methanococcus voltae and
Methanomi crobium mobile.

5.6.2.3. Uses of biogas

Biogasisused asabetter and cheaper fud for cooking, lighting
and power generation to run machines. Itisused for improvingthe
hygienic conditions. Thebiogastechnol ogy provideseffectiveway for
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sanitary disposa of human and anima wastes. Asasmokelessfud, it
will reducetheincidence of eyeand lung diseases. Thebiogasisused
asfue gasinrurd placesthereby reducesthe consumption of fuel wood
and reduces burden onforest to supply fuelwood. Thedigested durry
released from the biogas digester isused as enriched manuretoim-
provethesoil fertility.

Points to remember:
Understand the air pollution and itsimpact on human health.

Know the diseases transmitted through air.
Aware of the quality of drinking water.
To know the different ways of disposal of waste water.

To understand eutrophication in ponds.

o o w D P

To realize the importance of waste recycling and biogas
production.
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Chapter -6
FOOD MICROBIOLOGY

BIOGEOCYCLES,BIOFERTILIZER

6. Food Microbiology : Introduction

Food isabasi ¢ requirement of man than even shelter and cloth-
ing. Itisthesourceof nutrientsand providesthe energy required for dl
activities of ahuman body, such asgrowth, repair of thedamaged tis-
sues, reproduction and sustenance. So thefood should befreefrom
microorganisms. Thefirst personto gppreciateand understand the pres-
ence and role of microorganismsin food was Pasteur. In 1837, he
showed that souring of milk was caused by microorganismsand also
he used the heat for thefirst timeto destroy undesirable organismsin
milk, wineand beer. Thisprocessiswell known now aspasteurization.
Food isan indispensable substratefor dl living organisms. All food
itemsareassociated with microorganismsinoneformor other. Some
of the naturally occurring foods such asfruitsand vegetables contain
number of microorganisms. Foods get contaminated during handling,
harvest, transport and storage. Food formsideal culture medium for
thegrowth of the microorganisms. Thestudy of microorganismsasso-
ciated withfood, food poisoning and their roleinthewe fare of human
beingsbothin harmful and useful waysform the subject of food micro-

biology.
6.1. Food preservation

Food preservationisatechniqueto prevent spoilage, food
infection, food poisoning and microbia contamination from thefood.
Food preservation is done with following aspects. a) to prevent and
toremovemicrobia contamination and alsotoinhibit microbia growth
and metabolism. (b) to kill the contaminating pathogens and to mini-
mizefood spoilageand food poison.
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6.1.1.Principles and methods of food preservation

Thebasic principle of food preservation primarily involvesthe
processof inhibiting

i) thegrowthandactivity of microorganisms
ii) theactivity of endogenousenzymes

i) the chemical reactions which may determinate quality of food
and

Iv) invasion and spoilageby insectsand rodents.

In addition, spoilage of food may be caused during mechanical
handling, processing, packaging, storing and transportation. Appro-
priate care hasto betaken to prevent deterioration of quality of food.
Several methods are availablefor preservation of food based on the
aboveprinciples. Themethodsinclude 1) preventing theaccessibility
of food to microorganismsby asepsis packaging, 2) physica remova
of microorganismsfromfood by filtration or centrifugation, 3) hindering
the growth and metabolic activity of microorganismsby use of preser-
vatives, useof low temperatureand decreasing water activity infoods
by drying 4) killing of the microorganisms by useof hightemperature
andionizing radiations, 5) inactivation of endogenousenzymesby mod-
eraeheating, 6) inhibition of chemicd reactionsthroughtheuseof chemi-
ca additives, 7) fermentation of foodsto yield morestableor lessper-
ishablefood products.

Food preservation asit is practiced in theindustry alwaysin-
volvestheuseof combination of methodsfor achieving maximum ef-
fectiveness.

Asepsisor preventing the accessibility of food to microorgan-
ismsiswell exemplifiedin nature. The protective coveringon natural
foods such as skinson fruitsand vegetabl es, shells on eggsand nuts
and skinsand membranes on livestock and fish prevent the attack by
microorganismsand maintaining theliving tissuesin heathy condition.
Filtration or centrifugation isadopted to physically remove microor-
ganismsparticularlyinliquid foodssuch asmilk, soft drinks, fruit juices
and acoholic beverages. The use of preservativesand additivesin
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food processing and preservation and fermentation to enhance the shelf
lifeof thefoods.

6.2. Decomposition of organic matter

Decomposition and photosynthesis arethe two important pro-
cessof an ecosystem. Litter isan organic chemical-carrier of nutrients
present in different ecosystems. Therate of decompositionisthefunc-
tion of structural componentsof litter i.e. thestructural components of
litter governstherate of decomposition.

Microorgani sms depending on substrate specificity colonizethe
organic matter and decomposeit. However, the organic matter serves
two functionsfor microflora. Firstly, it providesenergy for growth and
secondly it provides carbon sourcefor theformation of new cdlls. During
thisprocess, certain waste products are al so produced by microorgan-
ismse.g. organic acids, carbondioxide, methane, etc. The process of
conversion of substrateto protoplasmic carbonisknown asassmila
tion. About 20-40% substrateisassimilated and rest isreleased as
carbondioxide or accumulated aswaste. When the carbon assmila
tion occursthe other inorganic chemica ssuch asnitrogen, phosphorus,
potass um and sul phur are a so taken up for theformation of new cells.
By this process, microorgani sms accumulate inorganic substancesin
their cellsand reducethe concentration of nutrientsfor plantsin soil.
Thisevent of accumulation of inorgani c substance by the microorgan-
ismsand making the plants, nutrient-deficient isknown asimmobiliza:
tion.

When organic matter is present in soil it is gradualy
rendered into a uniform, dark coloured amorphous massby micro-
organisms, whichisdes gnated ashumus. Humus servesasasource of
energy for thedeve opment of various groupsof microorganisms.Asa
result of decomposition CO,, NH; and other products are given off.
Fungi dongwiththeother microbia groupschiefly bacteriaand actino-
mycetes decomposethe organic matter in soil and releasethe nutrients
which arelocked up in complex formin organic matter. However, the
process of decomposition startswhentheplantsarein senescent stage.
After this stage, termites too play a role in physica breaking
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of thelitter. Thereafter, microorganismsof different groups colonize
the substrate depending upon its chemical composition. Thusmicro-
bial succession occurson thedecomposing material till it fully disap-
pearsinelemental forms. Theeventsof sequential appearance of mi-
croorganismson asubstrate with respect to timeiscalled succession.
During the course of decomposition, the water-sol uble components
aremetabolizedfirst. Thereafter, celluloseand hemicellulosedisap-
pear gradualy. Theligninsdisappear inthelast stage of decomposition
becausethese areres stant to decomposition.

6.3. Biogeochemical cycle

Themajor plant nutrients derived from soil are nitrogen, phos-
phorusand potassium, becausethese aremadebiologically available
to plants. Biogeochemical cycling associated with microorganisms
is very important for the maintenance of soil fertility.

6.3.1.Nitrogen cycle

Nitrogen isthe highest concentration in the atmosphere. Itis
a so an essential condtituent of proteinsand chlorophyll foundin organ-
isms. Thekey processesof biogeochemical cycling of nitrogen are
nitrogen fixation, ammonification, nitrification and denitrification.

i) Nitrogen fixation

The conversion of molecular nitrogen into anitrogenous com-
poundisknown asnitrogenfixation. Therearefreelivingand symbiotic
microorganisms, whichfix nitrogeninto proteins. The nitrogen fixing
microorganismsarecalled diazotrophs.
ii)  Ammonification :

Ammonificationisaprocessinwhich organic nitrogeniscon-
vertedtoammonia. Theamino acidsareutilized asnutrientsby micro-
organisms. Under aerobic conditions, theamino groupsareremoved
from aminoacidswith theliberation of ammonia.

iii)  Nitrification:
Itisaprocessinwhichammoniaisoxidizedto nitrate. Thepro-
cessconsistsof two steps. Inthefirst step, anmoniaisoxidized to
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nitrite. Thisiscalled nitrosofication.
2NH3 + 30, — 2HNO, + 2H,0
The oxidation reaction providesenergy and thisiscarried outin

the bacterial generaNitrosomonasand Nitrosococcus. Inthe second
step, thenitriteisoxidized tonitrate

2HNO, + O, — 2HNO,

Thisoxidation also providesenergy and thisiscarried outinthe
bacterial genus Nitrobacter.
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Fig. 6-1. The Nitrogen cycle
iv)  Denitrification :
Denitrificationisaprocessinwhich nitrates arereduced to ni-
tritesand subsequently to gaseous nitrogen.

NO3—> N02—> N20—> N,
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Indenitrification, organic compounds serve as hydrogen donors
and nitrate servesas an e ectron acceptor. Denitrification occursunder
anaerobic conditions eg. during seasonal flooding ontheland. Itis
carried out under theinfluence of bacterial generalike Thiobacillus
denitrificans, Micrococcus dentrification and Clostridium sp.

6.3.2.Phosphorus cycle

Phosphorusisonly second to nitrogen asaminera nutrient re-
quiredfor plants, animal sand microorganisms. Itisamgjor congtituent
of nuclecacidsandindl living sysems; itisessentid for theaccumula
tion and release of energy. Thiselementisgeneraly added to the soil
asachemical fertilizer orintheform of organic phosphates presentin

plant residues.
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Fig. 6-2. Phosphorus cycle

Microorganismsplay akey roleto bring about anumber of trans-
formationsof thiselement. Theseinclude (i) dteringitssolubility, ii)
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minerdization of organic phosphateinto inorganic phosphate, (iii) oxi-
dation and reduction of phosphorus compounds. Of thesemobilization
andimmobilization arethemost important.

The phosphaterequirement of plant ismet by theuptake of phos-
phateionswhich arethen utilized for the synthesis of organic phos-
phateswithinthecell. By this, afraction of the phosphate getsimmobi-
lized. Upon the death of the plants, the organic phosphateisrapidly
released by enzymatic hydrolysis. In many instances, phosphate be-
comeslimiting factor for plant growth, becausemuch of itinthesoil is
bound asinsoluble calcium, iron or d uminium phosphates.

Theavailability of phosphatestherefore depends on the degree
of solubilization of insoluble phosphates by various organic and inor-
ganic acids produced by microorganisms. Several soil microorgan-
isms, particularly fungi are known to produce substantial amounts of
these acids and thereby solubilize insol uble phosphates and make it
avallabletotheplants. Important microorganismsactiveinsolubiliza:
tion of inorgani c phosphatesinclude both bacteriaand fungi such as
speciesof Bacillus, Pseudomonas, Micrococcus, Aspergillus, Peni-
cilliumand Fusarium. Theenzyme phosphatase playskey roleinthe
solubilization of organic phosphates.

6.3.3.The carbon cycle

In nature, carbon existsin theform of inorganic and complex
organic compounds. Inatmosphere the concentration of CO, isonly
0.32 per cent whichislessthan what isrequired by plantsfor photo-

synthess.

The CO, isthemain source of carbon required to build the or-
ganicworld. The CO, returnsback into the atmosphere through the
process of respiration by al groups of organisms. The other method of
returning carbon isthrough degradation (decomposition) of organic
matter by microorganisms. A smplified carbon cycle is given in
Figure6.3.
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6.3.4. Sulfur cycle

Thecydicmovementsof sulfur betweentheliving organismsand
theenvironment arereferred assulfur cycle. Sulfurisan essentid ele-
ment for al living organisms. Itispresent infreeaswell ascombined
states. Plant, animal and microbia proteins, aminoacids- cystineand
methionine contain sulphur. Insoil, it occurs bothinorganic (sulfur
aminoacids, vitamins, etc.) aswell asintheinorganicform (sulfur and
sulfates) and isreadily metabolized. Four distinct transformationsare
recognised; theseare: (i) decomposition of larger organic sulfur com-
poundsto smdler unitsand their versonintoinorganic compounds (min-
erdization), (ii) microbia associated immobilization, (iii) oxidation of
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organicionsand compounds such as sul phides, thiosul phates and sul -
fur, (iv) reduction of sulphatesto sulphides.
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The sulphur cycle
M - Mineralization | - Immobilization, O - Oxidation, R - Reduction,

Fig. 6-4. Sulphur cycle
i) Decomposition of sulfur compounds :

Fantsobtanther sulfur requirement from sulfur compounds, while
animalsdo so by feeding on plant materid sor other animals. Inthese
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systems sulfur isfound mostly asacomponent of sulfur containing
aminoacids such ascystineand methionine. Thedead organic matter
containslargemol ecules. Thedecomposerslikebacteria, actinomycetes
andfungi excretedigestiveenzymes. Theseenzymesconvertlargemol-
eculesintosmdl ones. Sulfur containing aminoacidsare convertedto
inorganic compoundslikeH,Sand NH,. For example, theaminoacid
cysteinereleasesH,Sand NH; asfollows:

H SH _ H
? 2 Cystine 3
CHNH +HO—— C=0+H S+NH
2 2 desulfurase | 2 3
JZOOH COOH

ii)  Microbial associated assimilation or immobilization :

Many compounds serve as sulfur sourcesfor microbid assmila
tion. Sulphur ispresent ininorganicand organic sources. Whatever its
sources, sulfur initselementa form cannot be utilized by plants and
animals. Sulfur insolubleform, mostly as SO,, isabsorbed through
plant roots. Inthe plants SO, isincorporated into aminoacids and then
toproteins. Plantsutilizesulfur intheform of sulphatesand then reduce
itwithinthecellsto H,Sbeforeitisutilized mainly inthesynthesis of
sulfur aminoacidsand vitamins.

iii)  Oxidation of sulfur compounds :

Some microorganismsoxidize reduced sulfur compounds. They
areknown assulfur oxidizers. Membersof thegenus Thiobacillusare
themain organismsinvolved in the oxidation of elemental sulfur. The
following reactionsare catd ysed by someof thethiobacilli.

Thiobacillusthiooxidans S+120,+H,0 — H,S0,

Thiobacillus denitrificans 5S + 6KNO5 + 2H,O — K,SO, +
4KHSO, + 3N,
Theability to oxidize sulphur isnot restricted to only the genus
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Thiobacillus. Heterotrophic bacteria, actinomycetes, and fungi are
a so ableto oxidize sulphur compounds. Sulfurisfirst converted enzy-
maticaly to sulphite, whichisthen oxidized to sulphate.

Reduction of sulfur compounds

Under anaerobic conditions, sulfateisreducedto H,Sby
sulfate reducing bacteria. Theinorganic compounds are reduced by
bacteria, called sulfate reducing bacteria. Among the bacteria,
Desulfovibrio desulfuricans seemsto be the most important. The
mechanism by which sulfateisreduced involvesthe conversion of sul-
phateto sul phite, areaction that needsATP. Thesulphiteisreducedto
HZS.

O —S0 »SO >SS

4 3 2 3
6.4. Biofertilizer
i) Definition :
Biofertilizerscan be defined as microbial inoculantswhich are
living or latent cell s of efficient strainsof microorganismslike BGA -
Blue green agae, Azolla, Rhizobium, Azotobacter etc. capable of fix-

ing atmospheric nitrogen in aform which can be utilized by the crop
plants.

ii)  Importance of biofertilizers :

Theincreasing cost of nitrogen fertilizersand widening gap be-
tween supply and demand of nitrogenin thedeve oping countrieshave
placed heavy constraintsonthefarmers. A possible solutiontotide
over the Stuation is the maximum exploitation of natura biologica
Nitrogenfixing system, i.e. useof biofertilizers.

iii) Role of biofertilizers:

Biofertilizers are not substitutes, for fertilizer nitrogen but
only supplements. Besidesfixing nitrogenthey produceantifunga me-
tabolites, certain vitamins, and growth promoting substances, which
may increase seed germination, plant stland and improvetheinitid vigour
of theplant, which ultimately contributeto increased yield.
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6.4.1. Bacterial biofertilizers

Bacterial biofertilizers are Rhizobium, Azotobacter,
Azospirillum, Acetobacter and Phosphobacteria. Rhizobium,
Azor hizobiumare symbiotic nitrogen fixing bacteria. Azospirillumis
an examplefor associative symbiotic nitrogen fixing bacterium. Azoto-
bacter isan examplefor non-symbiotic nitrogen fixing bacterium.
Phosphobacteriaplay avital rolein solubilizing rock phosphates. They
are called phosphatic solubilizing bacteriaeg. Bacillus megaterium
and Pseudomonas striata.

6.4.2. Blue green algae (Cyanobacteria)

Thenitrogen fixing blue green algae are cultured in open
artanksandfields. Thebluegreenagd biofertilizer ishighly suitable
for the paddy crop. The paddy field environment provides suitable
conditionsfor thegrowth and multiplication of bluegreen algee. BGA
play vita rolein nitrogenfixation. Inadditiontonitrogenfixation, BGA
provide growth promoting substances, likevitaminsand indoleacetic
acid and gibberdllicacid. BGA improvethesoil fertility and maintain
soil pH. Thecommon bluegreenadga generaare Anabaena, Nostoc,
Aulosira, Tolypothirx, Lingbya, Oscillatoria and Spirulina maxima.
BGA areapplied at therate of 4kg/ acreof ricefield.

6.4.2.1. Azolla

Azollaisagenusof small aguaticfernthat isnativetoAsia, Af-
ricaand America. Azolla specieslivein lakes, ponds, swamps and
streamsand small bodiesof water. Azollaisprincipally used asnitrog-
enousfertilizer inricefields, especialy in Chinaand Vietham. They
describe Azolla asaminiature of nitrogen fertilizer factory. Azollais
freefloating aquatic fern, which has symbios swith Anabaena azollae,
anitrogen fixing cyanobacterium, and which, by virtueof this property
issuitablefor use asagreen manure. Azolla consistsof sporophyte
with floating rhizomeand smal over lgpping bilobed leavesand roots.
The symbiotic association between the eucaryotic water fern and its
procaryotic cyanobacteria symbiont Anabaena azollae hasreceived
much attention, because of itsability to fix atmospheric nitrogen and
contribute s gnificant amount of nitrogentoricecrop. Azolla produces
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20-25 tonnes of fresh biomass per hectare in a short period of 3-4
weeks. Itisgrown asmonocropping and intercroppinginricefield.
Azolla could contribute 40-50 kg of N/haper ricecrop. The use of
chemical nitrogenousfertilizer can be minimized by the utilization of
efficient and potentia nitrogen fixing Azolla. The Azollagenusbelongs
totheclassFilicopsida, order - Savinales, Family - Azollaceae. There
aree ght speciesfound throughout theworld. They are(i) Azollapinnata
var. pinnata, (ii) A. pinnata var. imbricata, (iii) A.microphylla, (iv)
A.caroliniana, (v) Afiliculoides, (vi) A mexicana, (vii) A.rubra, (viii)
A.nilotica. Among the eight species A.pinnata var. imbricata and
A.microphyllaarewidely distributed in Tamil Nadu.

6.4.3. Mycorrhiza

The symbiotic association between certain kinds of fungi and
roots of higher plant isknown asMycorrhiza (Fungusroots). Itisa
distinct morphologica structurewhich developsasaresult of mutudis-
tic symbi s shetween some specific root-inhabiting fungi and plant roots.
Plantswhich suffer from nutrient scarcity, especialy Pand N, develop
mycorrhiza. Mycorrhizaplaysavitd roleinthemobilization phospho-
rusmineral. Theuseof mycorrhza fungi hasincreased itssignificance
duetoitsmultifarousrolein plant growth and yield. Mycorrhizain-
creases minera absorption by thegreen plants. Thefungus provides
certain nutrients to the tree, which in turn provides essential
growth substances to the fungus. There are two types of mycor-
rhiza (i) Endomycorrhizaand (ii) Ectomycorrhiza. If thefungusgrows
entirely inside the root tissue between the cells it is known as
endomycorrhiza. Theectomycorrhiza fungi include Amanita, Boletus
and Seleroderma. The endomycorrhizal fungi include (i) Glomus
mosseae, (ii) Glomus fasciculatumand Gigaspora margarita.

6.5. Biopesticides

Biopesticidesare preparation of chemicals/ microbid cellsbas-
cally from bacteria, fungi and virusesfor killing of insect pests. The
examples are Baculo viruses, Iridovirus, Bacillus thuringiensis,
B.popilliae, B.sphaerius, Coelomomyces, Entmophthora and
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Fusarium. Though several types of microorganismshave been en-
dorsed as potential entomopathogens, a notable success has been
achieved only with afew microorganisms. Thedifferent pest popula
tion can be controlled by microorganisms.

Points to remember

1. Understand the objective and principles of food preservation.

2. Know the mechanism of organic matter decomposition.

3. Redlizethe biogeochemical activities of microorganismsin soil.
4

Understand therole of biofertilizersand biopesticidesin
agriculture.
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Chapter -7
INDUSTRIAL MICROBIOLOGY

7.0. Introduction

Industria microbiology isanimportant branch of microbiology
dealing with those areas of microbiol ogy involving economic aspects,
whereva uable productsare prepared from cheaper, and often dispos-
able, substrates. Therefore, it hasbecome possiblefor theindustrial
microbiologist to competewith industrial chemist. For example, fer-
mentative production costsof all antibioticsareappreciably lessthan
the synthetic production costsof thesame. Theindustrial microbiology
playsamajor roleintheconversion of substrateinto adesired product
by themicrobia activity. Thisiscalled bioconversion. In some cases,
mass production of microbesisrequired. The microbesuseful tothe
industria processincludebacteria, fungi, viruses, actinomycetesand
yeasts. For fermentation industries specia strainsareisolated and de-
vel oped from natura sources such assoil and water.

7.1. Microbial culture

Microorganismsisolated from sources (soil, water and air) or
genetic manipulation are cultured on growth media. Thegrowthmedia
are supplemented with sources of carbon, nitrogen, phosphorus, amino
acidsinorganic saltsand trace e ementsetc, are sterilized and inocu-
lated with specific microorganismsfor specific products. Someof the
microbial culturesare solid culture, batch culture, continuous culture
and fed-batch culture.

a) Solidculture: Varyingamount of agar with nutrient mediagives
solid or semi solid phase. For the research purpose, these types
of media are used but they are generally avoided for microbial
products.
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b)  Batchculture: Inbatch culture, growth phase of microorgan-
isms passesthrough many stages. A microbe growsinthemedium until
the nutrientsare exhausted or toxic metabolites secreted by it reach to
inhibitory level. Fromthe beginning of inoculationto theend, microbid
culture passesthrough several stages. After inoculation, themicrobe
takes sometimeto acclimatize the new environment. Thusthetime
taken for adaptation beforeto cometo itsactive growth known as ‘lag
phase’. The microorganisms grow luxuriantly till the nutrients are
present.

c¢) Continuousculture: A continuouscultureisthat whereasteady
exponential phasefor growth of culture retards due to depletion of
nutrients, rather than by accumul ation of toxic products; it isprevented
by addition of fresh medium to the fermenter and removal of spent
medium and microbesfromit asaresult of whichtheexponentia phase
of cultureisprolonged.

d) Fed-batchculture: Basically itisthebatch culture, whichisfed
continuoudy with fresh medium without removad of theorigind culture
medium fromthefermenter. It resultscontinuousincreasein volumeof
mediuminthefermenter.

7.1.1.Culture development

Natural isolatesusuadly produce commercidly important prod-
uctsinvery low concentration and therefore every attempt ismadeto
increasethe productivity of the chosen organism. Increased yidldsmay
be achieved by optimizing the culturd medium and growth conditions,
but thisapproach will belimited by the organism’s maximum ability to
synthesisthe product.

Thepotential productivity of the organismsiscontrolled by its
genome and, therefore, the genome must be modified toincreasethe
potential yield. Thecultura requirements of the modified organisms
would then beexamined to provide conditionsthat would fully exploit
theincreased potentia of theculture. Severa attemptsare madeto
beneficialy changethe genomeof theimproved strain. Thus, the pro-
cessof strainimprovement invol vesthe genetic modification of theor-
ganism, followed by regppraisalsof itscultura requirements.
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7.1.2.Srain selection

Themost important factor for the success of any fermentation
industry isaselection of strain. The sel ected strain should possesthe
following charactersto achievethe desired product inindustry. i) The
strain should behighyielding 2. It should have stablebiochemica char-
acterigtics. 3) It should not produce undesirabl e substances. 4) It should
beeasly cultivated onlarge scale by employing chegpest raw materi-
as

7.1.3.Primary screening

Both detection and isolation of highyielding speciesfromthe
natura sourcemateria such assoil, containing aheterogeneous micro-
bial populationiscalled screening. Therearetwo typesof screening
namely primary and secondary.

Primary screening consistsof some eementary testsrequired to
detect and toisolate new microbid speciesexhibiting thedesired prop-
erty. With antibiotic producers, primary screening programmes serve
to removeworthlessmicroorganismson thebasisof relaively smple,
fundamentd criteria. Theimportant selection criteriaaretheactivity of
antibioticsinvitro, and possibly invivo, against asmal number of most
important test organisms. Primary screeningisalso needed inthe case
of the useful microbial species. The examples of screening
procedures are 1) Crowded plate technique, 2) Auxanography, 3)
Enrichment culturetechnique, (4) Use of anindicator dye.

7.1.4. Secondary screening

Secondary screening isgtrictly essential in any systematic screening
programmeintended toisolateindustrially useful microorganisms, since
primary screening merely allowsthe detection and isolation of microor-
ganismsthat possess potentiadly interesting industrial application. More-
over, primary screening does not provide much information needed in
setting up a new fermentation process. Secondary screening helpsin
detecting really useful microorganismsin fermentation processes. The
secondary screening gives answersto many questionsthat arise during
thefinal sorting out of industrially useful microorganisms. Secondary
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screening experimentsare conducted on agar plates, inflasksor smal
fermenters containing liquid mediaor combination of these gpproaches.
Secondary screening can be quditative or quantitativeinits approach.
Thequalitativeapproach, for example, tellsin the spectrum or range of
microorganisms, whichissensitiveto anewly discovered antibiotic.
Secondary screening should yield thetypes of information, which are
needed in order to evaluate the true potential of microorganismsfor
industria usage. It should determinewhether the microorganismsare
actudly producing new chemica compoundsnot previoudy described
or, alternatively, for fermentation processesthat are already known.
Further it should determinewhether amore economical processispos-
sible. Secondary screening should reveal whether therearepH, agra-
tion, or other critica requirements associated with particular microor-
ganisms, both for thegrowth of the microorganismsand for theforma:
tion of chemical products.

7.2. Srain improvement

Itishighly desirablethat theindustrid fermentation processshould
be made more and more economical. Thislargely depends upon the
efficiency of the production straininvolved in thefermentation process.
Therefore, apersoninterested in starting afermentationindustry or in
competing with other industriesmust procurean efficient strain. Thusit
isclear that, theuse of ahighyielding strain in any fermentation
processisthe most criticd factor. Usually, newly isolated strains ob-
tained by screening techniquesare not so efficient ascould beused in
industria fermentation processes. Therefore, such strainsrequireim-
provement, sofar astheyield of aparticularly desired compound is
concerned. Thisisaccomplished by producing the mutant fermenta-
tion strainswith the help of physical and chemical methods. Thestrain
improvement can be done by auxotrophic mutants and mutantsre-
sstant to analogues. Microbid cultureswhich have multivaent mecha
nisms, concerted repression or feed back inhibition may be used for
sranimprovement.

7.3. Preservation of industrially important cultures

Theisolation of suitableorganismsfor acommercia processmay
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bealongand very expensive processand it isthereforeessential that it
retainsthedesirable characteristicsthat led to its selection. Also, the
cultureused toinitiateindustrial fermentation must beviableand free
from contamination. Thus, industrid culturesmust bestoredinsucha
waly asto eliminate genetic change, protect against contamination and
retainviability. Thereare severd methods adopted to preservemicro-
bia cultures. They arestorageon agar slopes, storageunder lig-
uid nitrogen, dried culturesand lyophilization.

i) Sorage on agar slopes

Culture grown on agar slopes may be stored in arefrigerated
(5°C) or adeep freezer and subcultured at approximately 6-monthly
intervas. Thetimeof subculturemay beextendedto | yeer if thesopes
arecovered with sterilemedicina grademinerd oil. Thisis the sm-
plest and common method of maintaining microbia cultures.

ii)  Sorage under liquid nitrogen

Themetabolicactivitiesof microorganismsmay bereduced
considerably by storage at the very low temperature (-150°C to -
196°C) which may be achieved using liquid nitrogen refrigerator. This
approach isthemost universally applicableof al preservation meth-
ods. Fungi, bacteriophage, viruses, algae and yeasts have been suc-
cessfully preservedin thismethod.

iii) Dried cultures

Dried soil cultureshave been used widely for culture preserva
tion particularly for sporulating mycelia organisms. Moi g, sterile soil
may beinoculated with acultureand incubated for several daysfor
somegrowth to occur and then allowed to dry at room temperaturefor
approximately 2 weeks. Thedry soil may be stored in adry atmo-
sphere. Thistechnique has been used extensively for the storage of
fungal and actinomycetesculture.

iv)  Lyophilization

Lyophilization or freeze-drying, involvesthefreezing of aculture
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followed by itsdrying under vacuum, which resultsin thesublimation of
thecd| water. Thetechniqueinvolvesgrowingthecultureto themaxi-
mum stationary phase and resuspending the cellsin aprotective me-
dium such asserum or sodium glutamate. A few drops of the suspen-
sionaretransferred to an ampoul e, whichisthen frozen and subjected
toahighvacuumuntil sublimationiscomplete, after whichtheampoule
issedled. Theampoulesmay bestored in arefrigerator and thecells
may remainviablefor 10 yearsor more. Lyophilizationisvery conve-
nient for service culture coll ections because, oncedried, the cultures
need no further attention and the storage equi pment is cheap and reli-
able. By thismethod, culture can be preserved for alonger period.

Whichever techniqueisused for the preservation of industrial
cultureitisessentia to becertain of thequality of stocks. Each batch
of newly preserved cultures should be routinely checked to ensuretheir

quality.
7.4. Industrial production of penicillin

7.4.1. Introduction

In 1929, Alexander Fleming first discovered the bacteriostatic
principlefrom afungus (Penicilliumnotatum) and named it penicillin.
He observed that afungal contaminant prevented the growth of Sa-
phylococci, which was|later onidentified as Penicilliumnotatum.

7.4.2.0rganism used for penicillin production

Thefungus Penicilliumnotatumoriginaly used by Fleming for
penicillin production, gave poor result. Moreover, many srainsof this
funguswere deve oped which produced more penicillinthantheorigi-
nal one. Inthiscontext, Penicilliumchrysogenumwas selected for
thecommercia production of penicillin.

7.4.3.Raw materialsfor penicillin production

Severd organic materialssuch asyeast extract, casein, beef ex-
tract, lactose, glucose, starch, corn steep liquor andinorganic saltslike
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ammonium sulphate, potassium dihydrogen phosphateand CaCo are
used asraw materiasfor penicillinproduction. Inaddition, toincrease
theyield, ethylamine, vegetableail, citric acid phenyl acetatearealso
added to thefermentation medium for the production of penicillin.

7.4.4.0ptimum conditions required for penicillin production

Production of antibiotic penicillinisasoincreased by i) keeping
thepH of fermentation medium between 6.8t0 7.4, ii) adding buffering
agentseg. CaCO5 and phosphateto the medium, iii) keeping thetem-
peratureat 25+0.5°C duringincubation, iv) agitating the culturefor
aerationinlargefermenter.

7.4.5. Industrial production of penicillin

Penicillinisproduced onlargescaleinacommercialy devised
fermenter which provides optimum growth conditionsto Penicillium
chrysogenumfor maximumyield.

Following arethe stepsinvolved for the production of penicillin.

i) Inoculate 100 ml medium in 500 ml Erlenmeyer flask
with spores of Penicillium chrysogenum strain and
incubateat  25°C by keeping them on arotary shaker.

i)  After 4days, transfer the content of flask to another flask
(4 litre capacity) containing 2 litres of medium and
incubate 2 days.

iy Transfer the content to a stainless steel tank (800 litre
capacity) containing 500 litres of medium. Thistank is
equipped in such way that it could provide the optimum
conditionsfor funga growth.

iv) After 3 days, use the contents for inoculation of about
1,80,000 litre medium kept in fermenter (2,50,000 liter
capacity). Thelater isequipped with automatic devices
to optimum growth conditions.

V) Filter the content of fermenter after 6 days incubation.
Filtrate contains penicillin. Extract the penicillin into
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amyl - or butyl acetate. From it transfer penicillin into
aqueous solvent by extracting with phosphate buffer.
From abutanol water mixture crystallize the potassium

peniaillin.

Penicillium chrysogenum Ah
R Slurry
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Filtration

First extraction I ¥
Purification Column D
Tra— |

First extract

7.5. Industrial production of organicacids

Introduction

Many organic acids such as acetic, lactic, citric, gluconic,
itaconic, fumaric etc., are produced by microbia fermentations.
The following organic acids are produced by microorganisms.
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Acetic acid - Acetobacter spp.
Lactic acid - L.delbrukii and other spp.
Citricacid - Aspergillus niger, A. flavus, A. japonicus

A.wentii, Penicillum spp. etc.

Gluconicacid - A.fumaricus, P. chrysogenum, A. niger,
Acetobacter gluconicum

Itaconicacid - A. terrus, A. itaconicus, A. fumigatus etc.

Fumaricacid - Penicillium spp., Rhizopus nigricans

Mucor sp.

Materials required for citric acid production -

Organism - Aspergillus niger

Carbohydrates - Beet molasses, cane molasses, sucrose,
sources commercial glucose, starch hydrolysates etc.

Production of citricacid

Citricacid, whichisakey intermediate of the TCA cycleispro-
duced by fungi, yeast and bacteria. The raw material,mollasesis
diluted to 20-25 per cent sugar concentration and mixed with a
nitrogen source and other salts. The pH of the medium islowered
to pH 3.0. The fermentation is carried out either on the surface,
submerged, or solid state conditions. In the surface culture method,
shallow aluminium or stainless steel pansarefilled with the growth
medium, inocul ated with the fungal sporesand allowed to ferment.
Inthe submerged culture method, the moldiscultured in fermenters
under vigoroustirring and mixing, whilein solid satefermentation, the
moldisgrown over carrier materia such asbagasse, etc. whichisim-
pregnated with thefermentation medium.

Theproduction of citricacid by A. niger islargely influenced by
the concentration of trace metal s such asiron, manganese, copper and
zincinthemedium. An appropriate concentration of thesedementsis
essential for good acid production. However, excessmaterialsare
treated with either ferrocyanide, charcoal, chelating agentsor cation
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exchangeresins. Addition of methanol of 3-4 per cent concentration
has been found to enhancetheyield of citricacid. Thefermentationis
an aerobic fermentation and, therefore, adequate aeration is essential
for successful citric acid production.

Inrecent years, the production of citric acid by yeast isgaining
importance because many yeasts such as Candida, Hansenula have
been found to produce citric acid from carbohydrates and hydrocar-
bons. Good yield of citric acid from various raw materials by
candidalipolyticahasbeen reported. The mechanism by which these
yeastsproducecitric acid gppearsto bedightly different fromthemecha
nism by whichthefungi producecitricacid.

After thefermentationisover, cacium citrateisprecipitated from
thefermented broth by the addition of calcium hydroxide. Itisthen
filtered washed and treated with sul phuric acid to precipitate calcium
sulphate. The solution containing citric acid isthen purified by treat-
ment with ionexchangeresins, charcod etc andfinally crystallized.

Uses of citric acid

1. Citricacidisusedinfood, beverage, textile, pharmaceutical
and detergent industries.

2. ltisalso increasingly used in the removal of toxic and
corrosive gases in air.

7.6 Wineproduction
Introduction

Wine is produced by the fermentation of fruit juices(tradi-
tionally the grape juice) and is a undidtilled product of fermentation
using awineyeast such as Saccharomyces cerevisaevar. dlipsoideus.
Theyeast fermentsthe sugarsin thejuice and produces ethanol and
carbon dioxide. Theamount of acohol produced dependsonthekind
of juice, theyeast strain and thefermentation conditions. Fermentation
practicesdiffer fromwinery to winery and with thetype of thewineto
be produced.
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Materialsrequired for wineproduction

Grapefruits, yeast (Saccharomycescerevisaevar. dlipsoideus),
potass um metabi sulphate.

Grapes

Grape must

Fermentation
vat

Press

Settling tank

Settling tank

Filteration

Fig.7.2 Wine Production

Procedure

Grapefruitsare crushed to extract thejuice. About 0.250 mg of
potass um metabi sul phateisadded per liter of juice. Thestarter culture
yeast ismixed with thejuiceat theratio of 1:10. Fermentationisnor-
mally carried out at |ow temperatures (5-6°C) for 7-11 days or longer
and after thefermentationisover, thewineisdlowedto settleand | ater
clarified and stored for maturation at |ow temperatures. During matu-
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ration, thewineundergoesvariouschemica changesand these changes
areresponsiblefor the production of aromaand bouquet. If appropri-
ate preservativesare not used or the conditions of storageare not ad-
equate, acetic acid bacteriacan enter and convert thewineinto vinegar
(aceticfermentation) and water. Thedifferent typesof winesandtheir
percentage of alcohol areshowninTablelll.

Table I11. Different types of wines and percentage of alcohol

Class Percentage of Alcohol
Red wine 11-12
Whitewine 11-12
Dessert wine 19-21
Appetizer wine 12-16
Sparklingwine 11-12

7.7. Immobilization

Theimmobilizationis‘the imprisonment” of an enzyme in a dis-
tinct phasethat alowsexchangewith, but it is separated from the bulk
phasein whichthe substrate, effector or inhibitor moleculesaredis-
persed and monitored. Imprisonment refersto arresting the enzyme by
certain meanswhere polymer matrix isformed. The advantages of
usingimmohilizedenzymesarei) reusg, i) continuoususe, i) lesslabour
intensive, 1v) savingin capita cost, v) minimum reactiontime, vi) less
changeof contaminationin products, vii) morestability, viii) improved
process control andix) high enzyme: substrateratio.

I mmobilization techniques

There are five different methods of i mmobilization of en-
zymes. 1) Adsorption 2) covalent bonding 3) entrapment, 4)
copolymerization and 5) encapsulation.
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1) Adsorption

Anenzymemay beimmobilized by bonding toeither theexterna
or internal surface of acarrier or support such asmineral support, or
organic support. Bondsof low energy areinvolved eg. ionicinterac-
tions, hydrogen bonds. If the enzymeisimmobilized externaly, the
carrier particlesize must bevery small in order to achieve an appre-
ciablesurfaceof bonding. Theenzymeimmobilized onaninterna sur-
faceisprotected from abrason, inhibitory bulk solutionsand microbid
attack and amore stable and active enzyme system may be achieved.

2)  Covalent bonding

Covdent bonding isformed between the chemical groupsof en-
zymes and chemical groups on the surface of the carrier. Covalent
bonding isthus utilized under abroad range of pH, ionic strength and
other variableconditions. Immobilization stepsare attachment of cou-
pling agent followed by an activation process, or attachment of afunc-
tiond group and fina ly attachment of theenzyme.

3) Entrapment:

Enzymes can be physicaly entrapped insdethe matrix of awa
ter soluble polymer such as polyacrylamide type gelsand naturally
derived gelseg. cdlulose, triacetate, carrageenam and alginate.

4)  Crosslinking co-polymerization

Itischaracterized by cova ent bonding between thevariousmol-
eculesof an enzymeviaapolyfunctional agent such asglutara dehyde,
diazonium sdlt, and hexamethylenedisocyanate. Thedemerit of using
polyfunctional reagentsisthat they can denaturetheenzyme. Thistech-
nigueischeap and simple but not often used with pure proteins, be-
causeit producesvery littleof immobilized enzyme. It iswidely usedin
commercid preparations.

5  Encapsulation

Itisthe enclosing of adroplet of solution inasemipermeable
membrane capsule. The capsuleismade up of cellulosenitrate and
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nylon. Themethod of encapsulationischeap and smplebut itseffec-
tivenesslargely dependson the stability of enzymedthough cataystis
very effectively retained in the capsule. Thetechniqueisrestricted to
medica scienceonly.

Points to remember

1. Know theindustrial importance of microorganisms, methods of
strain selection.

Know the preservation of industrially important culture.

Understand theindustrial production of penicillin, organic acid
and wine.

4. Know theimmobilization techniques.
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SECTION - III

MEDICAL BACTERIOLOGY
Chapter - 8.1
PATHOGENICATTRIBUTES OF BACTERIA

Human body provides many environmental niches that provide
food, moisture and warmth necessary for growth of a bacterium. Bac-
teria possess the genetic capacity to invade, adhere or colonize the
human body. They also have the capacity to degrade the tissues with
the help of degradative enzyme to get food and escape the host de-
fenses. During their presence in the human body the byproducts of
bacterial growth (e.g., acids, gas) cause damage and problems for the
human host. Many of these genetic traits are virulence factors, which
enhance the ability of bacteria to cause disease. Although many bacte-
ria cause disease by directly destroying tissue, some release toxins,
which are then disseminated by the blood to cause system-wide patho-
genesis. The structures present on the surface of bacteria stimulate host
responses (acute phase: interleukinl, interleukin-6, tumor necrosis fac-
tor), which can be protective but are often the significant causes of the
disease symptoms (e.g., sepsis).

Not all bacteria cause disease, but some always cause disease
once infection occurs. The human body is colonized with numerous
microbes which live as normal flora, many of which serve important
functions for their hosts, such as aiding in the digestion of food, produc-
ing vitamins (e.g., vitamin K), and protecting the host from colonization
with pathogenic microbes. Many of these endogenous bacterial flora
reside in locations such as the gastrointestinal (GI) tract, skin, and up-
per respiratory tract. Normal flora bacteria cause disease if they enter
normally sterile sites of the body. Virulent bacteria have mechanisms
that promote their growth in the host at the expense of the host’s tissue
or organ function. Symptoms result from the damage or loss of tissue
or organ function or the development of host inflammatory responses.
Opportunistic bacteria cause disease only in People with preexist-
ing conditions that enhance their susceptibility. For example,
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Pseudomonas aeruginosa infects burn victims and the lungs of patients
with cystic fibrosis. Patients with AIDS are highly susceptible to variety
of infections particularly to intracellularly growing pathogens like my-
cobacteria.

The symptoms of a disease are determined by the function of the
tissue affected. Along with this systemic responses, produced by tox-
ins, and host defense responses may also occur. The seriousness of the
symptoms depends on the importance of the organ affected and the
extent of the damage caused by the infection. Infections of the central
nervous system are always serious. The bacterial strain and inoculum
size are also major factors in determining whether disease occurs or
not. This can vary from arelatively small inoculum (e.g., fewer than 200
Shige/la for shigellosis) to a very large inoculum (e.g., 108 to Vibrio
cholerae or Campylobacter organisms for Gl tract infections). Host
factors can also have arole. For example, although a million or more
Salmonella organisms are necessary for gastroenteritis to become es-
tablished in a healthy person, only a few thousand organisms are nec-
essary in a person whose gastric pH is neutral. Congenital defects,
immunodeficiency states amid other disease related conditions may also
increase a person’s susceptibility to infection.

Virulence factors

Various factors contribute to bacterial pathogenicity and to be
related to the possession of a multiplicity of products and activities re-
ferred to as virulence factors.

Toxins

It was shown early (1888-90) that certain pathogens, e.g. the
diphtheria and tetanus bacilli, formed extracellular toxic materials that
reproduced the effects of the disease when injected into animals. Soon
the number of such known exotoxins had increased greatly, and strep-
tococcl, staphylococci and clostridia were found to produce an array
of proteins and enzymes that damaged experimental animals in a vari-
ety of ways. Later a number of exotoxins associated with diarrhoeal
diseases were discovered. Many pathogenic bacteria did not produce
exotoxins but produced cell-bound toxic material, endotoxin, later
shown to be a lipopolysaccharide This is now recognized as the main
cause of death in a wide range of infections, giving rise to fever, activa-
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tion of complement by the alternative pathway, intravascular clotting
and the formation of cytokines. The leucocidal action of bacterial exo-
toxins was demonstrated in staphylococci and subsequently shown to
be caused by at least 3 of the exotoxins of Staphylococcus aureus.
Leucocidins were later described in many other pathogens.

Non-toxic determinants of virulence

Certain substances from bacteria aided the establishment of in-
vasive infection. These were called aggressins. Investigations identified
several substances and their ability to act as determinants of virulence.
Antisera gave protection against infection with the corresponding or-
ganism.

Capsules: The capsular polysaccharides of pneumococci and the M
proteins of Streptococcus pyogenes; both inhibited phagocytosis;
whereas the pneumococcal capsule formed a thick mechanical barrier
and denied access of complement to the surface of the organism. The
M protein formed only a thin surface layer but prevented opsonization.
Itis now thought to hinder the access of complement by binding fi-
brinogen to the streptococcal surface.Other pathogens have been found
to possess surface components associated with virulence, many of them
polysaccharides. These included the K antigens of enterobacteria and
the capsular polysaccharides of Haemophilus influenzae and Neisseria
meningitidis. Various actions were attributed to them. In addition to
inhibition of phagocytosis, these show antigenic mimicry of host tissue.

The role in pathogenesis of loose extracellular slime not aggre-
gated around individual bacteria has been recognized more recently.
Dextrans formed by oral streptococci contribute to the formation of
dental plaque. Slime-forming coagulase-negative staphylococci are now
believed to initiate the formation of ‘vegetations’ on prosthetic devices.
The alginate slime of mucoid strains of Pseudomonas aeruginosa
appears to aid colonization of the respiratory tract in cystic fibrosis
patients.

Adhesins

As the first stage of the pathogenic process, bacteria adhere to
mucous surfaces, such as those of epithelial cells of the respiratory,
alimentary and urogenital tracts, with the help of adhesins. Fimbriae or
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pili. Their role in pathogenesis was established when it was shown
that adhesion to epithelial cells of the gut was essential for the produc-
tion and absorption of the enterotoxins of E. coli. Other fimbrial colo-
nization factors have since been demonstrated in strains responsible for
diarrhoea in various mammals, including humans. Fimbrial adhesins have
been described in gonococci and meningococci. The flagella of the
vibrio cholerae may also be looked upon as a virulence factor, enabling
the organism to penetrate the mucous layer to reach the epithelial sur-
face. Other protein adhesins associated with virulence are found in the
outer cell membrane, where they are closely associated with the li-
popolysaccharide. This is true of strains of Shigella and Shigella-like
strains of E. coli which invade and kill gut epithelial cells. Many of the
protein adhesins, whether fimbrial or outer membrane have proved to
be encoded on plasmids; indeed this property facilitated their recogni-
tion. Adhesion of S. pyogenes to pharyngeal epithelial cells is medi-
ated by lipoteichoic acids attached to the cell membrane but protruding
to the cell surface and fibronectin is the receptor for these.

Antigenic variation

Some bacteria avoid the host’s immune defences by antigenic
variation. It was recognized that recrudescences of relapsing fever
were associated with reinvasion of the bloodstream by mutant borreliae
after the development of an antibody response to the original strain.
Gonococci have recently been shown to possess at least 2 mechanisms
for altering their surface antigens.

Integration of the action of virulence factors

From the point of view of a micro-organism, pathogenicity is a
means of enhancing transmission to fresh hosts and thus the long-term
survival of the strain. The ideal virulence factor is not one that leads to
the death of the host, but one that maximally enhances and prolongs
infectivity. In the simplest of life cycles, a pathogen needs a variety of
activities is to be able to enter the host, defeat its immunity mechanisms,
multiply, break out of the host again, survive in the world outside, and
restart the process; and many life cycles are much more complex than
this.
Entry into human body

To establish an infection, bacteria must first gain entry into the
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body. Normal defense mechanisms and barriers, such as skin, mucus,
ciliated epithelium, and secretions containing antibacterial
substances(e.g.; lysozyme), make it difficult for the bacteria to gain en-
try into the body. Some times these barriers are breached (e.g., a cutin
the skin, a tumor or ulcer in the bowel, bullet wound etc), providing
portal o fentry for the bacteria. Many times bacteria have the means to
overcome the barriers and invade the body. On invasion the bacteria
can travel in the blood stream to other sites in the body.

Portal of entry:
Ingestion: (GI tract)

Through the mouth and gastro intestinal tract, by ingestion bac-
teria can enter the body along with food and water. Species of Salmo-
nella, Shigella, Vibrio, Yersinia, Campylobacter, Clostridia, Listeria,
Brucella, Bacillus and E.coli etc are some of the examples of the bac-
teria that can enter through GI tract.

Inhalation: ( Respiratory tract)

Through nose and respiratory tract many bacteria enter the body
and cause diseases. Species of Mycobacterium, Nocardia, Myco-
plasma, Legionella, Bordetella, Chlamydia, Streptococci, Haemophilus,
etc enter through respiratory tract. The natural defenses present in the
respiratory tract are the mucus, ciliated epithelial cells, and lysozyme in
the secretions. The organisms get stuck in the mucus and do not move
freely. Ciliary movement of Ciliated epithelial cell pushes the organisms
towards the exterior and the lysozyme cleaves the cell wall of gram
positive bacteria. However many bacteria are unaffected and possess
mechanisms to evade these defenses.

Trauma: (Skin)

The skin has a thick horny layer of cells that protects the body
from infection. Cuts in the skin produced accidentally or surgically or
kept open with catheters or other surgical appliances provide a way for
the bacteria to gain access to the susceptible tissues underneath. Sta-
phylococcus aureus and S.epidermidis, which are part of normal skin
flora can enter the body through the break in the skin.
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Fig. 8.1.1 Portal of entry of bacteria
Needle stick : Through accidental injury with needle and other sharp
materials like thorns bacteria can enter the body. S.aureus, Ps.aeruginosa
etc may enter the body through this means.

Arthropod bite : Many bacteria enter the body through the bite of an
arthropod. For example Borrelia burgdoferi is transmitted through the
bite of tick, Borrelia recurrentis through the bite of lice, Yersinia pestis
through flea and so on.

Sexual transmission : Neisseria gonorrhoeae, Treponema pallidum

and Chlamydia trachomatis are some of the organisms transmitted
through sexual contact.

Congenital transmission : Some organisms get transmitted from the
mother to the fetus through the placenta. Treponema pallidum gets trans-
mitted from the mother to the fetus and causes congenital syphilis.

Points to remember:

1. Bacteria possess various virulence factors which contribute to
pathogenicity.

2. They produce different types of toxins such as exotoxin,
endotoxin and enterotoxin.

3. Bacteria also possess non-toxic determinants of virulence viz.
capsules, slime, pili, flagella etc.

4. They enter the human body through ingestion, inhalation, trauma,
insect bites sexual and congenital transmission.
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Chapter - 8.2
NORMAL FLORA OF THE BODY

Earth teams with life forms with great many varieties and num-
bers of microorganisms. These life forms have to live together and get
their food from different sources. Hence different types of interactions
evolved between different life forms. These relationships can be cat-
egorized as follows: to life forms living together is called symbiosis.
There are three types of symbiotic relationships. 1. commensalism. 2
Mutualism and 3. Parasitism

Commensalism:

Itis an ideal relationship between two partners because no injury
is dealt to either partner by the other. They live, reproduce and carry
out full activities unique to each of them. They do not adversely affect
each other. Example of medical relevance are the common resident
flora present in human body without causing any disease. Some organ-
isms may be present only for a short while and are called transient flora.
They find human as inhospitable environment because of various fac-
tors like temperature, nutrients, host immune response, and competi-
tion from resident flora.

Mutualism:

Another interaction between these organisms is mutualism where
both partners are benefited by the association. Example: Bacteria present
in the intestinal tract synthesize vitamin K which is used by man and the
bacteria utilize the food that is supplied.

Parasitism:

Parasites of primary medical importance are less sophisticated.
They have the capacity to injure the host. If the host dies, parasites also
are eliminated unless they are transferred to a new host. If the host
survives, it eliminates the parasites by defensive means.

As with most biological phenomenon, there is no sharp abrupt
distinction, but rather a gradation and a spectrum of parasitic
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competence. Some can cause disease if a predisposing condition is
present. For example due to penetrating injury if E.coli from the intes-
tine is transferred to urinary tract, it causes urinary tract infection. Some,
instead of overt disease, cause covert disease (sub clinical disease) and
evoke immune response. Example: Polio viruses. Some produce over
disease, culminating in the virtual elimination of the parasite. Example:
Measles virus.

Extreme parasitism is that in which the host is injured too much
that the host is eliminated. Example: pneumonic plague caused by Yersinia
pestis.

Thus the interactions between parasites and the host may lead to
colonization, covert or overt disease.

Fig. 8.2.1 An interaction between host and parasite may result in infection.,
which consists of colonization and infectious disease. Infectious disease may
be either covert (subclinical) or overt (symptomatic).

Normally microorganisms are present on : (1) Skin in general,
feet and external auditory canal.(2) Upper respiratory tract including
nasal passage and naso pharynx. (3) Mouth including oropharynx,
predentulous, saliva, tooth surfaces and gingival crevice. (4). Intestinal
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tract (5). Genito urinary tract including external genitalia, anterior ure-
thra and vagina. (6) conjunctiva.

Types of normal flora:

The normal flora can be broadly classified into two groups: (1)
The resident flora which consists of relatively fixed type of microorgan-
ismsregularly found in a given area at given age; if distrurbed, it promptly
reestablishes itself. (2)The transient flora: It consists of non pathogenic
or potentially pathogenic organisms that inhabit the skin or mucous
membranes for hours, days or weeks. It is derived from the environ-
ment, usually does not produce disease and does not establish perma-
nently. If resident flora is disturbed, transient flora may colonize, prolif-
erate and produce disease.

Normal flora of the mouth and upper respiratory tract

At birth mucous membranes of mouth and pharynx are sterile.
But within 4-12 hours viridans streptococci become established. They
probably originate in the respiratory tract of mothers and attendants.
The following organisms form the most prominent resident flora of na-
sopharynx.

(1) any amount of Diphtheroids, Non pathogenic species

of Neisseria, 0-hemolytic streptococci, many species
of anaerobic organisms.

(2) Lesser amounts of Yeasts, Haemophilus species,
S.aureus, Gram negative rods, etc

Normal flora of the intestinal tract:

At birth the intestine is sterile. Organisms are introduced along
with the food. In breast —fed children, the intestine contains large num-
bers of lactic acid Streptococci and lactobacilli. These aerobic and
anaerobic gram positive organisms produce acid from carbohydrates
and tolerate acid pH(pH:5)As food habits develop toward the adult
pattern, the intestinal flora changes. Diet has the pronounced influence
on the composition of the intestinal flora.

In normal adults, the esophagus contains organisms of the oral
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cavity. Because of the acidity of the stomach very few organisms (103
-10°/gram of contents) are found thre the normal acid pH of the stom-
ach markedly protects against infection with some enteric pathogens
like V.cholerae. As the pH of the intestinal contents becomes alkaline,
there is an increase in the number of organisms. The following organism
are found in the gastro intestinal tract of man. (1)Various Enterobacte-
riaceae except Salmonella, Shigella, yersinia, and Vibrio and
Campylobacters (2) Non glucose fermenting gram negative rods (3).
Enterococci (4) S.epidermidis (5). Alpha and non hemolytic strepto-
cocci (6) Diphtheroids (7) S.aureus in small numbers (8) Yeasts in small
numbers (9) Large numbers of anaerobic organisms

Genitourinary tract

Generally the anterior urethra and vagina are the anatomic areas
of Genitourinary system permanently colonized with microbes. Urinary
bladder may be transiently colonized with bacteria migrating from ure-
thra. But they are quickly cleared by the bactericidal activity of
uroepithelial cells and flushing action of voided urine.

Anterior urethra

A variety of commensal organisms are present in anterior ure-
thra. They are lactobacilli, Streptococci and coagulase negative Sta-
phylococcus. These are relatively avirulent and are rarely associated
with human disease. Urethra may be transiently colonized by members
of enterobacteriaceae, Enterococcus and Candida. Pathogens such as
N.gonorrhoeae and Chlamydia trachomatis cause urethritis and can
persist as asymptomatic colonizer of urethra.

Vagina

The microbial population of the vagina is more diverse and is
influenced by hormonal factors. New born girls are colonized by lacto-
bacilli at birth and these predominate for about six weeks. The pH of
the vagina is acidic. After this time when the maternal estrogen level
declines the pH becomes neutral. The normal flora changes to Staphy-
lococci, Streptococci and members of the Enterobacteriaceae. When
the estrogen production is initiated at puberty the pH changes to acidic
due the metabolism of carbohydrates especially glycogen. At this time
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there is a change in the microbial flora. The lactobacilli predominate
once again. Other organisms present are; S.epidermidis, Streptococci,
Enterococcus, Gardnerella, Mycoplasma, Ureaplasma and variety of
anaerobic bacteria. After menopause, the flora changes back to prepu-
bertal flora.

( NORMAL VAGINAL FLORA |

S.epidermidis
Streptococci,
Enterococci

Enterobacteriaceae

New born s Lactobacill
upto 6 weeks PH Acidic

S.epidermidis
Streptococci,

Gardnerella

Pre puberty m Enterococci Mycoplasma
P Enterobacteriaceae Ureaplasma
S.epidermidis
Puberty =l | actobacilli |Streptococci, Gardnerella
pH Acidic Enterococci Mycoplasma
Enterobacteriaceae Ureaplasma
S.epidermidi_s Gardnerella
Menopause e |Streptococci, Mycoplasma
pH Neutral |Enterococci

Ureaplasma
Mobiluncus
Candida

Fig. 8.2.2 Normal Vaginal Flora

Enterobacteriaceae

Normal flora of the skin

Because of the constant exposure to environment skin contains
transient microorganisms. However, well defined resident flora are
present in the skin. The resident flora of the skin varies depending on
the anatomic sites where there may be secretions, covered by clothes,
or proximity to mucous membranes. The permanent resident flora of
the skin are:

Staphylococcus epidermidis, Staphylococcus aureus (small num-
bers), Micrococcus species, Non pathogenic Neisseria species, Alpha
hemolytic and non hemolytic streptococci, Diphtheroids, Propionibac-
terium species, Peptostreptococcus species, etc.

Non resident transient flora are eliminated from the skin because
of the low pH,, fatty acids from sebaceous secretions and presence of
lysozyme.

101

Role of normal flora:

1. Commensal role: Members of the resident flora of the intes-
tinal tract synthesize vitamin K and aid in the
absorption of nutrients.

2. Members of the resident flora prevent colonization by
pathogens through bacterial interference. Normal flora
compete for nutrients with the incoming pathogens and
inhibit the pathogens by producing inhibitory substances like
bacteriocins.

3. Members of the normal flora may themselves produce
disease under certain circumstances. For example, if they
come into normally sterile sites they can initiate a disease.
Intestinal bacteria when they reach urinary system, produce
urinary tract infection. Similarly oral flora if introduced into
blood stream may produce endocarditis.

Points to remember:

1. Microorganisms live in symbiotic association with man

2. The symbiotic relationships may be either commensalisms or
mutualism or parasitism.

3. Body surfaces generally contain microbes that do not cause any
harm. They are called normal flora. Normal flora are present in
skin, mucous membranes, gastrointestinal tract and genito
urinary tract.

4. These normal flora play certain important roles. They are com-
mensals which compete with pathogens for food and ecological niche
and prevent the colonization of pathogens. At time these normal
flora may also cause a disease if present in an abnormal site.
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Chapter - 8.3

STAPHYLOCOCCUS AUREUS

Introduction

Members of the genus Staphylococcus belong to the family Mi-
crococcaceae. They are Gram positive cocci that occur in grape-like
clusters. The size varies from 0.5-1.5 um in diameter. They are non
motile, non spore forming usually catalase positive and typically
noncapsulated.

Staphylococci are wide spread in nature. They are mainly found
living on the skin, skin glands and mucous membranes of mammals and
birds. Generally they have symbiotic relationships with their host. But
they become a pathogen if introduced into the tissues through trauma,
inoculation by needles or direct implantation of foreign bodies.

At present the genus Staphylococcus contains 35 species. Cer-
tain species are found frequently as agents of human and animal infec-
tions. They are S.aureus, S.epidermidis, S.saprophyticus,
S.haemolyticus and S.lugdunensis. The most important species among
them is coagulase positive S.aureus.

Fig. 8.3.1 Staphylococci occur
singly and in pairs, tetrads and
irregular grape like clusters

Attributes of Staphylococcus aureus

S.aureus produces various substances to avoid or overcome host
defenses. These substances are enzymes and toxins. They are (1) Cata-
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lase: itis an enzyme which splits hydrogen peroxide to water and oxy-
gen. (2) Coagulase : Itis an enzyme like protein. It clots plasma, fibrin
is deposited over the organism and thus it escapes from the attack by
phagocytic cells. (3) Hyaluronidase: it is also called spreading factor.
With its help staphylococci can spread through tissues. (4)
Staphylokinase : It lyses the fibrin clot. (5) Proteases : These are en-
zymes that split proteins (6) Lipases : these are enzymes that degrade
lipids. (7) Betalactamase: This enzyme is produced by some strains of
staphylococci, which splits penicillin molecule (8) Exotoxins: i. Alpha
toxin which is a hemolysin that lyses the red blood cell and damages the
platelets ii Betatoxin degrades sphingomyelin and damages many cells.
(9) Leukocidins: these toxins kill white blood cells. (10) Exfoliative toxin:
It causes the pealing off of squamous epithelial cells of skin. This toxin
is responsible for a condition called scaled skin syndrome (11) Toxic
shock syndrome toxin (TSS toxin): It is associated with fever, shock
and multisystem involvement. (12) Enterotoxins: These are responsible
for causing food poisoning.

Staphylococcal infections

People susceptible to staphylococcal infections include newborns,
people with chronic diseases such as lung disease, diabetes and can-
cer, those with skin conditions and surgical incisions and radiation therapy
and those with immunosuppressive drugs and anti cancer treatments.
S.aureus infections are acute and pyogenic. If the infection is not treated,
itmay spread to surrounding tissue and through blood to other organs.
Some of the infections caused by S.aureus: (1) involving skin are: (a)
furuncles or boils, (b) cellulitis, (¢) impetigo (d) and post operative wound
infections of various sites. (2) involving other organs are: (i) pneumonia,
(11) bacteraemia, (iii) osteomyelitis (iv) acute endocarditis (v) myocarditis
(vi) pericarditis (vii) cerebritis (vii) meningitis (viii) abscess of muscles
(ix) scalded skin syndrome (x) urogenital tract (xi) central nervous sys-
tem and (xii) various intra abdominal organs. (3) Enterotoxigenic strains
of S.aureus may cause food poisoning. The most common symptoms
of Staphylococcal food poisoning include vomiting and diarrhea,
which occur 2-4 hours after the ingestion of food containing the toxin.
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(4) Toxic Shock Syndrome (TSS) has also been attributed to infection
with S.aureus.

Symptoms:

As Staphylococci can infect any site in the body, the symptoms
depend on the location of the infection. The infection may be mild or life
threatening. Commonly, staphylococcal infections produce pus-filled
pockets, such as abscesses and boils (furuncles and carbuncles). When
Staphylococci infect the skin, abscesses appear as warm, pus-filled
pockets below the surface of the skin. They usually rupture like a large
pimple and ooze pus onto the skin. Staphylococci can also cause cellu-
litis, a spreading infection under the skin. Two serious staphylococcal
skin infections are toxic epidermal necrolysis and the scalded skin syn-
drome, both of which lead to large-scale peeling of skin.

Staphylococcal pneumonia is a severe infection. People with
chronic lung diseases such as chronic bronchitis and emphysema and
those with influenza are particularly at risk. Staphylococcal pneumonia
often causes high fever and severe lung symptoms such as shortness of
breath, rapid breathing, and cough productive of sputum that may be
tinged with blood. Staphylococcal pneumonia may cause lung ab-
scesses and infection of the pleura and the membrane layers surround-
ing the lungs. Staphylococci can travel through blood and cause ab-
scesses in internal organs, such as bones (osteomyelitis) and the inner
lining of the heart and its valves (endocarditis).

Staphylococcal bacteraemia often develops from a staphylo-
coccal infection elsewhere in the body. It usually comes from an in-
fected intravenous device, such as a catheter, which gives staphylo-
cocci direct access to the blood stream. Staphylococcal bacteraemia
is acommon cause of death in severely burnt people. Typically, the
bacteraemia causes a persistent high fever and sometimes shock.

Bone infections (osteomyelitis) affect those with deep skin ulcers
like bedsores. Bone infections cause chills, fever, and bone pain. Red-
ness and swelling appear over the infected bone, and fluid may build up
in joints near the areas invaded by the bacteria. The site of infection
may be painful, and the person usually has fever.
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Surgery increases the risk of staphylococcal infection. The infec-
tion may produce abscesses at the stitches or may cause extensive
destruction of the incision site. A postoperative staphylococcal infec-
tion may worsen and progress to toxic shock syndrome.

Epidemiology
Sources of infection

1. Infected lesions: Large numbers of viable staphylococci are
shed in the environment through pus and dried exudates from the in-
fected wound, burns, skin lesions and sputum of bronchopneumonia
patients.

2. Healthy carriers: Without doing any harm, Staphylococci
can grow on moist skin and nostrils of many healthy persons. From
these sites organisms are shed into the environment.

3. Animals: Staphylococci get disseminated from the animals
and may cause infections in human. For example, milk from a dairy
cow with mastitis may be contaminated with enterotoxigenic staphylo-
cocci and later may cause food poisoning.

Mode of transmission:

Direct contact with the infected and contaminated material is an
important mode of spread. Air borne dissemination may also occur.
Cross infection is an important method of spread of Staphylococci in
hospitals and scrupulous hand washing is essential in preventing infec-
tions. Food handlers may introduce enterotoxin producing strains into
food. New born babies acquire staphylococci from their mother, nurse
or environment. Nursing mothers may get the staphylococci from ba-
bies and develop mastitis.

Laboratory diagnosis:
Specimens:

One or more of the following specimens are collected aseptically
in sterile containers for the diagnosis. (1) pus from furuncles, boils, ab-
scesses, wounds, burns, etc may be collected. Alternatively sterile swabs
soaked in pus may be collected. (2) sputum from cases of lower respi-
ratory infections, viz. pneumonia. Sputum should not contain saliva from
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mouth. (3) Blood from patients with suspected bacteraemia e.g. in os-
teomyelitis and endocarditis: 5 ml blood collected aseptically into bottle
containing 50 ml of broth. (4) Faeces or vomit from patients with sus-
pected food poisoning. (5) urine from patients with suspected cystitis
(infection of the bladder), pyelonephritis (infection of the kidney), or
post catheterization infection. (6) anterior nasal and perianal swabs from
suspected carriers.

Direct examinations:

A smear is made from the specimens and examined for the pres-
ence of Gram positive cocci in clusters after Gram’s staining.

Culture:

Specimens are inoculated on to plates of nutrient, blood or milk
agar and incubated at 37°C for 24 hours. The plates are examined for
characteristic golden, cream colored or white colonies. Smears are made
from the colonies, Gram stained and checked for gram positive cocci in
clusters. Onblood agar plates S.aureus produces beta hemolytic colo-
nies

Test for identification

Pathogenic Staphylococcus aureus has the ability to clot plasma
with the production of coagulase. Two different coagulase tests can be
performed: a tube test for free coagulase and a slide test for bound
coagulase or clumping factor. This is the most important test to
differentiate S.aureus from other Staphylococci isolated from human
sources. S.aureus is also positive for catalase, phosphatase, and thermo
stable nucleases. It also ferments mannitol without gas production

Antibiotic sensitivity testing:

The susceptibility of the isolated strains to various antibiotics is
determined by disc diffusion method on Muller Hinton agar plates.
Nosocomial infections (hospital infections) caused by methicillin resis-
tant S.aureus (MRSA) pose a serious problem to health care institu-
tions.

Treatment:

Staphylococcus aureus is inherently sensitive to many antimi-
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crobial agents. The most active agent is benzyl penicillin, but more than
90% of the strains found in hospitals are resistant to penicillin because
they produce beta lactamase enzyme which splits the beta lactam ring
in penicillin. Antibiotic resistance arises by various mechanisms. Methi-
cillin resistant S.aureus (MRS A) strains pose a big challenge to both
therapy and infection control. These MRSA strains are resistant to all
beta lactam antibiotics and other agents. Either vancomycin or
teichoplanin, is the drug of choice for treatment. After an antibiotic sen-
sitivity testing appropriate drug must be used for treatment.

Points to remember:
1. S.aureus occurs as Gram positive cocci in grape like clusters

2. It produces various enzymes and toxins to overcome host
defenses

3. Catalases, coagulase, hyaluronidase, Staphylokinase, lipases and
betalactamases are some of the enzymes produced by S.aureus

4. Exotoxins, leukocidins, exfoliative toxin, TSS toxin, and
enterotoxin are some of the toxins produced by S.aureus

5. The infections caused by S.aureus are: furuncles, cellulitis, post
operative wound infections, pneumonia, bacteremia,
osteomyelitis, meningitis, muscle abscess, Scalded skin
syndrome, TSS etc

6. Infected lesions, healthy carriers and animals act as sources of
infection for S.aureus

7. S.aureus can be grown in the laboratory on blood agar plates
where it produces beta hemolytic colonies and can be identified
by coagulase test.

8. MRSA pose a serious problem to health care institutions

After a sensitivity testing appropriate antibiotic must be used for
treatment.
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Chapter -8.4
STREPTOCOCCUS PYOGENES

Introduction

All Streptococci that are associated with human infections be-
long to the genera Streptococcus and Enterococcus. Sreptococci are
gram positive cocci which grow as chain and pairs. (Greek:
Streptos=chain, coccos= berry). Streptococci are catalase negative,
non motileand non sporeforming. They arefacultative anaerobes, fer-
ment carbohydrateswith production of lactic acid.

Hemolyticactivities

Streptococci show varioustypes of haemolysisaround the colo-
nieswhen grown on blood agar plates.

Alphahaemolysis:

Whenthereispartia clearing of blood around the colonieswith
greenishdiscol oration and theout lineof RBC isintact, thehaemolysis
iscalled alphahaemolysis. Sr.pneumoniae, Sr.mitis, Sr.oralisand
Sr.anginosusshow o haemolysis. Alphahaemolysisisnot duetotoxin.
It isdueto the oxidative action of H O on haemoglobin to green
methaemoglobin. 22

Beta haemolysis:

When azoneof complete clearing of blood around the colonies
duetolysisof red blood cellsisproduced, it iscalled betahaemolysis
It isdueto the production of toxin. Sr.pyogenes, Sr.agalactiaeand
Sr.equisimilisproduce § haemolysis.

Gammahaemolysis:

When no changein the medium around the colony or discolora-
tionand nolysisof red blood cdlsoccur, itiscaled gammahaemolysis.
Sr.salivariusand Sr.mutans produce no haemolysis.

109

Classification

The genus streptococcus contal nsimportant human pathogens
and commensalsof mucous membranes. The genusincludesnearly 40
species. Itisdivided into six groups based on pathogenicity and other
characteristics. (1) The pyogenic group containsimportant speciesthat
arehuman and animal pathogenslike Str.pyogenes, Str.agd actiaeand
Str.equismilis. (2) Themitisgroup containscommensa sof the human
oral cavity and pharynx. Str.pneumoniae belongingtothisgroupisa
pathogen. (3) The anginosus group contains Str.anginosuswhichis
present asnormal floraof ora cavity of man. (4) Thesdivariusgroup
formspart of normd floraof ord cavity of mantha includesStr.sdivarius.
(5) The bovisgroup is present in the colon of man. (6) The mutans
group colonizesthetooth surfacesof man and animals. Thesearein-
volvedinthedevel opment of dental caries

L ancefield grouping:

Based onthemg or antigenic differencesin the polysaccharide
of Streptococci, Rebeccal ancefield introduced aserological classifi-
cation of streptococci. The polysaccharideiscalled group polysaccha:
ride and identifies different group of streptococci, designated as
Lancefield groupA,B,C,D etc.

Characteristics of Streptococcus pyogenes:

Pathogenic

Streptococcus pyogenes expresseslarge numbersof virulent fac-
torsandinducesvaryingclinica conditions. Thesevirulencefactorshelp
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the organi smsto adhereto tissues, evade host defenses and causetis-
suedamage. All virulencefactorsmay not beexpressed by dl srainsall
thetimes. Hencethereisvariaionseenindinicd picture. Thefollowing
schematic diagram showsthelocation of variousvirulence associ ated
products of Sr. pyogenes.

Fig. 8.4-2 Streptococcus pyogenes
Adhesion:

Host cells contain a matrix protein called fibronectin.
Sr.pyogenes possessesaprotein caled F protein. Thereisinteraction
between host cdll fibronectin and streptococca F protein. Thisleadsto
initia binding and later internalization of streptococci intothehost cell.

M proteins:

TheM proteinisanchoredinthe cytoplasmic membrane. It comes
out throughthecdl wadl and protrudesfromthe cell surfaceasfibrils. It
helpsthe organismsto adhere onto the host cellsand resist phagocyto-
sis. Antibodiesto M proteinsgive acquired resi stanceto streptococci
possessing that specific M protein. However, thereare many different
kindsof M protein variants. Morethan 80 different M proteins have
been identified. Henceaperson may suffer from recurrent Sreptococ-

11

cus pyogenesinfectionwith strainsexpressing different versionsof M
protein.

M like protein:

M likeproteinisstructurally related to M protein. It has anti-
phagocytic activity. It can bind various serum proteinswhichinclude
fibrinogen, plasminogen, abumin, IgG, IgA o2 macroglobulin, factor H
of complement system. As these bacteria are coated with host pro-
teins, they camouflage themselves and evade host defenses.

Capsule:

Somestrainsof Sr. pyogenes produce capsule. Thiscapsuleis
made up of hyaluronic acid. Capsule producing strainsarehighly viru-
lent. Capsule hasanti-phagocytic activity. Becausethecapsuleisiden-
tica withthe hyauronic acid of connectivetissue of thehost, the bacte-
riadisguisethemsalvesand avoid immune attack.

Enzymes:
Cb5a peptidase:

Chaisacomponent of complement system generated during
complement activation. C5aisachemotactic agent that attracts phago-
cytic cells. Chapeptidaseisan enzyme produced by Sr. pyogenes. It
cleavesthe C5aand inactivatesit so that phagocytic cellsare not at-
tracted.

Hyaluronidase:

Sr. pyogenes producesan enzymecalled hyauronidase. It de-
gradeshya uronic acid, which isacement substance present in connec-
tivetissues. Thisfacilitates spread of infectionintissues.

Streptokinase:

Streptokinaseisdsocdledfibrinolysin. It hdpsintherapid spread
of organismsinthetissues. Itisproduced by dl strainsof Sr. pyogenes.
It activates plasminogeninto plasmin. Sr. pyogenesemployshost plaamin
to hinder fibrin barrier formation and thus spreadsrapidly.
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Lipoproteinase:

Thisenzymeiscalled opacity factor. It induces opaescencein
growth mediacontaining serum. It isproduced mainly by Sr. pyogenes
causngskininfections.

Deoxyribonuclease: (DNAse)

Four different formsof DNAsesare produced by Sr. pyogenes.
They aredesignated DNAseA, B, C and D. Theseenzymeshydrolyze
deoxyribonucleic acid. They play arolein spreading by liquefying vis-
cousexudates.

Toxins:

Streptolysins: Sr. pyogenes producestwo different kindsof strep-
tolysins. Oneisoxygen labile streptolysin O and the other isserum
solublestreptolysin S. Both these streptolysinslysered blood cells.

Pathogenesis and clinical findings:

Instreptococcd infectionsavariety of distinct disease processes
are seen. The outcome of infection and the diseases depend on the
properties of theinfecting organisms, the portal of entry and the host
response. Infectionscan bedivided into different categories.

Sreptococcal diseases:

1. Noninvasive Streptococcal disease

A. The most common infections caused by Sr. pyogenes are
relaively mild and noninvasiveinfectionsof theupper respiratory tract

(pharyngitis) and skin(impetigo).
a. Pharyngitis:

Themost commoninfectionof Sr. pyogenesispharyngitis. Abrupt
onset of sorethroat, fever, maai se, and head achewhich aretheclini-
cal sgnsthat develop 2-4 daysafter the exposure. The posterior phar-
ynx isaffected. Thetonsil isenlarged with grey-whiteexudateson its
surface. Because of thelocal inflammation cervical lymph nodesen-
large. Occasionally tonsilar abscessdevel ops.
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b. Scarlet fever:

Certain strains of Sr. pyogenes produce pyrogenic exotoxin.
Whenthesestrainscauseinfections, adiffuseerythematousrash devel -
opsover skinand mucous membranes. Thisconditioniscalled scarlet
fever or scarlantina. Therash devel ops 1-2 days after thefirst symp-
tomsof pharyngitis. Initially it devel ops on the upper chest and then
Spreadstotheextremities.

C. Skin infections:

i. Impetigo or pyoderma:

3. pyogenes may cause many typesof skininfections. Impetigo
isasuperficid andlocalized skininfection. It occursmainly in children.
It affectsexposed areas of face, armsand legs. Initially clear vesicles
develop which arewithinfew daysfilled with pus. Secondary spreadis
seen astheresult of scratching.

ii. Erysipelas (cellulitis):

Itisan acuteinfection that occursinthe superficia layersof the
skin. Theinfectionischaracterized by diffuse rednessof skin, local
pain, enlargement of regional lymph nodes and fever. If not treated
promptly, it may spread to blood stream and may befatal.

2. I nvasive soft tissueinfection

Sometimes Sr. pyogenes entersinternal body structuresand
establishessevereinvasiveinfections. Necrotizing fasciitis, streptococ-
cal toxic shock syndrome and puerpera fever are some of theinfec-
tionsassociated with bacteraemia.

i. Necrotizing fasciitis:

In this infection, rapid destruction of fat and fasciaoccurs.
Sr. pyogenes entersthesetissuesthrough skin after minor trauma. But
skin may show minima signsof infection. Systemic shock and genera
deterioration occur very fadt. It affectsboth immunocompetent and im-

munosuppressed individuals. Streptococci can beisolated from the
blood, blister fluid and culture of infected aress.
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ii.  Streptococcal toxic shock syndrome:

Streptococcd toxic shock syndromeisan acutefulminating dis-
easewhich may devel op in patientswith necrotizing fasciitis, or with
invasive becteraemic streptococcd infections. Thedisease occursdue
totherdeaseof toxinsintheblood. Theclinica signsresemble staphy-
lococcal TSS. Fever malaise, nausea, vomiting, and diarrhea, dizzi-
ness, confusion and aflat rash over large parts of thebody may aso be
present

iii.  Puerperal sepsis:
If the streptococci enter the uterusafter delivery, puerpera fever
develops. Streptococci from theendometrium enter theblood and cause

septicemia. After theintroduction of antibiotic therapy thiscondition
occursrarely.

3. Nonsuppurativesequelaeor post streptococcal diseases:

Two serious diseases may devel op as sequelaeto Sr. pyogenes
infections. Following an acute Sr. pyogenesinfection, thereisalatent
period of 1-4 weeks. After thisperiod occas onally nephritisor rheu-
matic fever develops. These conditionsarenot dueto thedirect effect
of theorganisms, but dueto hypersensitivity response. Nephritisismore
common after skininfections. Rheumeatic heart diseaseiscommon after
respiratory infections.

a. Acute glomerulonephritis (AGN):

Thiscondition develops 3 weeks after streptococcal infections.
It isassociated with certain M antigenic types particularly M types
2,4,12,49. Somedtrainsare nephritogenic. Glomerulonephritismay be
initiated by antigen-antibody complexes on theglomerular basement
membrane. In acute nephritis, thereisblood and proteinintheurine.
Oedema, high blood pressure, and ureainitrogen retention are al so seen
Serum complement levelsarelow. Few patientsmay die. Some de-
vel op chronic glomerul o nephritiswith ultimatekidney failure. Thema:
jority of the patientsrecover completely.

b. Rheumatic fever:

Rheumatic fever isamajor cause of acquired heart diseasein
young people. Itisaconditioninwhichinflammation of joints (arthritis),
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heart (Carditis), central nervous system (Chorea), skin (erythema
marginatum ) and /or subcutaneous nodules occur. Poly articul ar arthri-
tisisthemaost common manifestation. Carditisisamost seriouscondi-
tion becauseit leadsto permanent damageto heart valves. Rheumatic
fever isautoimmunein nature. Theoriesto explainthe pathogenesisof
rheumatic fever havefocused on tissue damage caused by streptococ-
cal products(i.e. streptolysins), or antigen-antibody complexes (asin
serum sickness). Recently it isproposed that rheumatic fever may be
dueto molecular mimicry and autoimmunity.

Various streptococcal cellular components have been shown to
mimicthe structure of moleculesfound in humantissue. Antibodiesdi-
rected against streptococcal products arethought to cross-react with
host tissue, producing autoimmunedamage. Similaritiesin sructureand
subsequent serological cross-reactivity of streptococcal cell constitu-
ents (M protein, membrane antigens, group carbohydrate) with human
heart, skin, joint and brain tissues have been demonstrated. Patients
exhibiting rheumatic fever arefound to harbor antibodiesthat cross-
react with both streptococcal products and human tissue components.
Themgor antigensinvolved aremyosin, tropomyosin, lamininand kera:
tininthehuman tissuesand thegroupA, Sr. pyogenesantigenwhichis
polymer of N — acetyl glucosamine. Repesated episodesof Sr. pyogenes
infection increasethe severity of the disease

Epidemiology
Pharyngitis and respiratory infections

Group A streptococci are usually transmitted from person to
person, viarespiratory or salivadroplets. Epidemics of streptococcal
pharyngitis caused by contaminated food or drink havea so been docu-
mented. Widespread pasteuri zation has greatly reduced reports of in-
fection by contaminated milk. Contamination of food withinfected res-
piratory secretions are thought to bethe most common cause of food
bornestreptococcd infection, but skininfectionsof thosehandling food
may al o bethe ultimate source of contamination .Streptococci present
on clothing, bedding or in dust do not seem to contributeto the spread
of pharyngitis. Crowded conditionsoccurring inschools, military
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barracksand inindoor environmentsin cold wesather, favour the spread
of streptococci.

Theoccurrenceof scarlet fever case parallelsthedissemination
of pharyngitis-associated, toxin-producing Sr. pyogenesstrains.

Acuterheumaticfever and acuteglomerulonephritis

Acuterheumaticfever and acute glomerulonephritisoccur asnon-
suppurative sequel ae of infection by Sr. pyogenes. Rheumatic fever
may follow streptococcal pharyngitis but not cutaneous infection,
whereas glomerul onephritisispreceded by either skinor throat infec-
tion.

L aboratory diagnosisof infectionswith
Streptococcus pyogenes:

Specimens:

Depending onthesite of infection specimensare collected. The
gpecimensincludethroat swabsor skin swabs, pus, blood, cerebrospina

fluid (CSF).

Cultivation and identification:

The primary cultivation medium used for streptococci isblood
agar. Sr. pyogenesisdetected initialy by itsp-hemolytic activity. The
coloniesare 1 mm in diameter and non pigmented. They arecatalase
negative. Gram’s stained smear showsgram positivecocci inchains.
Sr. pyogenesissensitiveto bacitracin (0.4 microgram disc). The spe-
ciesisidentified by serologica detection of group antigen by immune
preci pitation or co-aggl uti nation test using specific antiserum.

Antibody detection:

Antibodiesagainst antigen of Sr. pyogenesaredevated in post
streptococca sequelae. Inrheumatic fever casesantistreptolysin Ofti-
ter iselevated. Increased level s of serum antibodiesto streptococca
hyaluronidase and DNAse B are d so seen. In acute glomerul onephri-
tis, devated ASOttireisnot observed. But elevated level sof anti- strep-
tococcal DNAseB are seen.
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Treatment:

Sr. pyogenes is susceptible to penicillin and awide range of
antibiotics. In caseof hypersenstivity to penicillin, erythromycinisusu-
aly asecond choice. Treatment for 10 dayswill eliminate streptococci
fromtheinfected area. Surgery isessential to remove damaged tissue
in caseof necrotizing fasciitisbecause antibiotic penetration of infected
areasispoor. Inthiscaseclindamycinispreferred over penicillin be-
causeit inhibitsprotein synthes sincluding exotoxin.

Prevention and control:

Skininfection with Str. pyogenesis associated with poor hy-
gieneand can be prevented by standard hygienic measures.

Points to remember:

1. Streptococci produce different kinds of haemolysis when grown
on blood agar. Group A beta haemolytic streptococci are very
important as this causes variety of invasive and noninvasive
diseasesin man.

2. This organism possesses different kinds of pathogenic attributes
like surface proteins and enzymes.

3. It produces invasive diseases like pharyngitis, scarlet fever and
skin infections and also noninvasive diseases like Acute
glomerulonephritisand rheumatic fever.
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Chapter -85
CORYNEBACTERIUM DIPHTHERIAE

I ntroduction:

The genus Corynebacterium contains number of organisms
and the major human pathogen is Corynebacteriumdiphtheriae. It
also contains harmless saprophytes found frequently on mucous
membranes. Diphtheriaisan infection of man that spreads directly
from person to person. Spread is facilitated by intimate and con-
tinuous contact with people harboring the organism. People har-
bor the organism after an attack of the disease as convalescent
carrier. Diphtheriaoccurs dueto the action of apotent toxin el abo-
rated by the causative bacteriaCorynebacteriumdiphtheriae. Resis-
tanceto the disease depends on theavailability of specific neutralizing
antitoxinintheblood.

C. diphtheriae: It isadender gram positive rod, non acid
fast, non sporeforming, 0.5to 1p inwidth x 1.5to 5pinlength. In
stained smear individual cellslie at sharp angles to one another in
V & L shapes or Chinese letter formation. It is pleomorphic, club
shaped, shows beaded forms because of the presence of metach-
romatic granules.

Growth characterigtics: Itisaerobic, and produceswaxy pel-
licleinliquid medium and minute, greyish whiteglistening colonieson
L oeffler’s coagul ated serum medium. On Blood agar medium contain-
ing tellurite, coloniesaregrey to black becausetdluriteisreduced in-
tracdlularly intote lurium.

Threetypesof C. diphtheriae havetypica appearance. 1.Gravis
type producesnon hemolytic, large, grey, irregular, striated colonies. 2.
Mitistype produces hemolytic, small, black, glossy convex colonies.
3. Intermediustype produces non hemolytic, small colonies between
thetwo.
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InBroth GravisformsapellicleMitisgrowsdiffusdy and Inter-
medius settlesasagranular settlement.

Pathogenesis:

C. diphtheriaeispresent asnormal floraintherespiratory tract,
wounds and in convaescent carriers. It Spreadsfrom one personto
another by droplets, grows on mucous membranes or in skin abra-
sions. Toxigenic strains producetoxin whichisreleased into the sur-
rounding and absorbed. Toxin has 2 parts, the portion B transportsA
intothecdll. PortionA inactivatesEF2 complex and protein synthesis
inthecell isstopped. Diphtheriais an acute communicable disease
manifested by both | ocal infection of the upper respiratory tract and the
systemic effectsof atoxin. Thereare 2 phasesof diphtheria, theinitial
loca presentation asasevere pharyngitis. During thistimeatough mem-
braneover theair passageisformed and causes suffocation. Later in
the systemic phasethe circulating exotoxin affectsthetissues of the
host that are most notablein the heart and peripheral nerves.

Pathology : Thetoxinisabsorbed into themucous membrane
leading to the destruction of epithelium and the initiation of in-
flammatory reaction. Necrotic epithelium becomes embedded in
fibrin and red and white cells. A greyish “pseudo-membrane” is
formed commonly over tonsils, pharynx or larynx. Any tear in the
membranewill causebleeding.

Thebacilli continuoudy producetoxiningdethemembrane. The
toxin causesdamage, necrosisin the heart muscle, liver, kidneysand
adrena's, sometimesaccompanied by hemorrhage. Thetoxin also pro-
ducesnervedamageresultingin paraysisof the soft palate, eyemuscles
and musclesof extremities[handsand legg].

Clinical manifestations

C. diphtheriaeisgenerally not aninvasive organism. Clinical
manifestations are associ ated with both thelocal and systemic effects
of thediphtheriatoxin. Thetoxin isresponsblefor local tissuedestruc-
tion and formation of themembrane. Diphtheriaisclassifiedinto sev-
erd clinical types, depending on the site of the disease.
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(1) Respiratory diphtheria:

C. diphtheriaeinfectsprimarily the upper respiratory tract, where
the organism col onizesthe mucosal surface of the nasopharynx and
multiplieslocally without bloodstream invasion. Following anincuba:
tion period of usually 2-5 days, theillnessbeginsgradual ly with mal-
aise, sorethroat, anorexiaand fever.

Locally, toxininducestissue necross, leukocyte response and
formation of atough, adherent pseudomembrane composed of amix-
tureof fibrin, dead cellsand bacteria. The membraneistightly adherent
and bleeding occurs upon attemptsto removeit.

(2) Pharyngeal diphtheria:

The membrane usually begins to form on the tonsils or pos-
terior pharynx. In more severe cases it can spread progressively
over the pharyngeal wall, fauces and the soft palate al the way to
thebronchi. Thisiscalled pharynged diphtheria

(3) Laryngeal diphtheria:

As the membrane spreads the patients may devel op signifi-
cant edema of the submandibular areas and the anterior neck with
the lymphadenopathy, giving them a characteristic ‘bull neck ap-
pearance’. In severe cases the neck edema may extend past the
clavicles into the chest, accompanied by the erythema. Laryngeal
diphtheria can occur as a result of membrane extension. It pre-
sents with hoarseness, strider and dyspnoea, and airway obstruc-
tion.

(4) Systemic effect ;

The disease may progress, if enough toxin enters the blood-
stream, causing severe prostration, striking pallor, rapid pul se, stu-
por and coma. These effects may result in death within aweek of
onset of symptoms. The absorbed toxin can also cause delayed
damage at distant sites. The most frequently affected organs are
the heart (myocarditis) and the cranid nerves. Thesecomplicationsmay
occur from 1 to 12 weeks after disease onset.
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(5) Cutaneous diphtheria :

Cutaneous diphtheria often appears as a secondary infec-
tion of a previous wound. Primary cutaneous diphtheria begins as
atender pustule and enlarges to an oval punched-out ulcer with a
membrane and edematousrolled borders. Skininfections may vary
in severity, but toxin-induced complications are usually uncom-
mon.

(6) Local infections :

C. diphtheriae may aso cause local infections such as vul-
vovaginitis, conjunctivitisand primary or secondary otitismedia

Asymptomatic nasopharyngeal infectionwith C. diphtheriaeis
morefrequent than clinica disease. Thelength of carriageaverages 10
days, but chronic carriers may shed the organism for 6 monthsor more.
Antibiotictrestment iseffectivein terminating shedding

L aboratory diagnosisof Diphtheria:
Collection of specimensCultureand identification

A swabisused to collect specimen from theinflamed areas of
the membranesthat areformed in the throat and nasopharynx, Nasa
swabs aretaken to detect carriers. Material from wounds should be
removed by swab or aspiration, taking careto avoid normal skinflora.
The specimen should beimmediately transported to thelaboratory or
inocul ated onto proper media.

Smearscan bemadeof theorigind materid for subsequent Ne sser
or Loeffler’s methylene blue stain for observation of metachromatic
granules and gram stain for coryneform morphology.

Specimensfor C. diphtheriae should be streaked onto ablood
agar plate and onto atellurite-containing medium such as Hoyle’s
medium, cystine-tdluriteagar or modified Tinsddemedium. Thetellu-
rite-contai ning mediahave the advantage of being both selectiveand
differentid; telluriteinhibitsthe growth of most nasopharyngedl flora
and C. diphtheriaehasarare ability toreducetellurite salt to black-
colored tellurium, rendering the coloniesblack.
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A Loeffler’s serum slant can also be inoculated because C.
diphtheriae growsmost rapidly on thislipid-rich medium. If smears
aremade and gram stained from colonies grown on Loeffler medium,
metachromatic granules can be demonstrated clearly.

Afterisolation, identification of C. diphtheriaeisnot difficult.
Teststhat areimportant to distinguish C. diphtheriaefrom other coryne-
bacteriaand coryneform organismsare production of catalase, urease
and pyrazinamidase, nitrate reduction, glucose, sucrose, mannose, xXy-
lose and maltosefermentation and utili zation of starch and glycerol.

Detection of toxigenicity:

Production of toxinisdetermined by guineapig lethdity testingin
whichtoxigenic strainswheninjectedinto guineapigskill theanimasin
24t048 hours. Another sandardinvitrotest isElek’s immunoprecipi-
tation assay.

A recent development in thediagnosis of diphtheriaistheuse of
polymerase chainreaction (PCR) to detect thetoxin gene. InthisPCR
test a0.9 kb segment of thetox geneisamplified.

PROPHYLAXISOF DIPHTHERIA

Aswehad already seen, diphtheriaisan infection of man that
spreadsdirectly from person to person. Spread isfacilitated by inti-
mate and conti nuous contact with people harboring the organisms.
People harbor the organism after an attack of the diseaseas convaes-
cent carrier.

Diphtheriaoccursdueto the action of apotent toxin elaborated
by the causative bacteria Corynebacteriumdiphtheriae. Resistance
to the disease depends on theavailability of specific neutrdizing anti-
toxinintheblood.

1, 2. Prevention of spread from source to susceptible host

Sourcemay bean 1) Infected individua 2) Convaescent carrier.
Onecan prevent theinfection by avoiding contact with sourceof infec-
tion.
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Points at which prophylaxis can be given

Source
1

Acquisition of C. diphtheriae
L2

Establishment in thethroat
I 3

Multiplicationinthethroat [membraneformation]
2
Toxin Production

I 4

Action of toxinson different cells
d
Target organs
|
[
Helart Adrenas Othelzrs
Tissue Damage

\!
Pathol ogy
\2

Recovery

\

Establishment of carrier state
I 5
Spread to other susceptible host

3. Prevention of establishment of organism in the
susceptible host
Once it is known that the host had a contact with the

infectedindividua or conva escent carrier chemopr ophylaxismust be
givento prevent the establishment of the organismsin thetissues.
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4. Prevention of toxin acting on target cells

If itisknown that the organismisestablished in thetissuesand
toxin productionisexpected, the damaging effect of toxinisneutraized
by Antitoxin treatment. Antitoxinisproduced inanimals[Horses, Rab-
bits, goat or sheep]. A dose of 20, 000 or 1 lakh units are injected
intra-muscularly or intra venoudy. Hypersengitivity toanima proteins
ischecked by skin or conjunctiva test. Further production of toxinis
prevented by treating the patientswith antibioticssuch aspenicillinor
erythromyain.

5. Prevention of establishment of carrier state

Patients must be treated with antibiotics so that they do not
become carriers of the organisms

6. Immunisation of all children to become immune
individuals
Children should beimmunized with diphtheriatoxoid so that ad-
equate antitoxinwill be present in the serum. Toxinisinactivated by
formalinto get toxoid. Toxoid isadsorbed onto a uminium hydroxide.
Itiscombined with tetanustoxoid and pertussisvaccineto get DPT

IMMUNIZATION SCHEDULE - Schedule for Chidren

VISIT AGE IN MONTHS VACCINE
1 0 BCG
2 2 MONTHS DPT [1], ORAL POLIO [1]
3 4 MONTHS DPT [2], ORAL POLIO []
4 6 MONTHS DPT [3], ORAL POLIO [3]
5 9 MONTHS MMR, ORAL POLIO [4]
6 18 MONTHS DPT [4], ORAL POLIO [5]
7 SCHOOL ENTRY | TETANUS TOXOID

Check for immunestatus:

By doing a Schick test theimmune status of theindividual can be
ascertained and if needed booster doses of toxoid can be advocated.
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Points to remember

1

Diphtheriaisan infection of man that spreads directly from person
to person. Spread isfacilitated by intimate and continuous contact
with people harboring the organisms. People harbor the organism
after an attack of the disease as convalescent carrier.

Diphtheria occurs due to the action of a potent toxin elaborated by
the causative bacteria Corynebacterium diphtheriae.

Resistance to the disease depends on the availability of specific
neutralizing antitoxin in the blood.

Children should be immunized with DPT so that adequate anti
toxin is present in the serum.
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Chapter 8.6

SALMONELLA

Salmonellae belong to the family Enterobacteriaceae. There
are over 2000 different antigenic types of Salmonella. They were
originally classified as separate species. But now they are kept
under a single species called Salmonella enterica and there are
different sub species recognized. The serotypes that infect mam-
mals are put into a subspecies aso designated as enterica. Thefull
correct designation is for example: Salmonella enterica subspe-
cies enterica serotype typhi. But thisis abbreviated to Salmonella
serotype typhi or simply Styphi. ( please note that the serotype
name starts with capital letter). Many serotypes are host specific.
Organisms causing infections in man may not cause disease in
animals and vice versa

Description:

Salmonellae are Gram negative bacilli, motile non spore
forming, facultatively anaerobic, nonfastidious, able to grow on
relatively ssmple media. They are distinguished from other mem-
bers of the family by their biochemical characteristics and anti-
genic structure. Their normal habitat is animal intestine.

I nfections due to Salmonella:

Salmonella infections present a spectrum of clinical syn-
dromes; they are: 1. Enteric fever (typhoid and paratyphoid fe-
vers) 2. Acute gastroenteritis, 3. Bacteraemiaand 4. Localized in-
fections. In addition salmonellae may cause asymptomatic intesti-
nal infections and convalescent intestinal carrier state.

Typhoid fever.

Typhoid fever is an acute systemic disease due to infection
with S typhi. It is unique to human characterized by malaise,
fever, abdominal discomfort, transient rash, spleenomegaly and
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leucopenia. Mg or complications are intestina haemorrhage and
perforation. Classicaly it is caused by Styphi, but can also be
caused by S.paratyphi A, S. paratyphi B and S. paratyphi C; which
are called paratyphoid fevers.

Epidemiology

Organisms gain access by ora route through contaminated
food, water or milk. Humans are true reservoir of Styphi in na
ture. The sources of the organism are human cases, faeces of con-
valescent carriers, and carriers. Organisms survive freezing, dry-
ing and spread through ice, dust, food and sewage. Maximum cases
are seen where the sanitation is suboptimal. Incidences are more
in summer months. Thereis decrease in typhoid cases where pure
drinking water supplies are maintained and effective sewage dis-

posal isin place.

IDENTIFY

TREAT
TRANSMISSION \ EDUCATE
CONTAIN

HAND WASHING
SANITATION __ g
CONTACT 5 :
SANITATION
PROCESS
DISINFECT
v PROTECT
RECIPIENT
HYGIENE .
PRECAUTIONS Fig. 8.6-1 Modes of
IMMUNIZATION transmission of

typhoid fever
Incubation period

The incubation period of typhoid is usually from 8 to 15
days, with wide variations; up to 40 days has been recorded. Long
incubation periods tend to follow infection with small doses of
organisms.
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Onset

In about 10% of patientsthe onset isabrupt, resembling clas-
sical septicemia. Usually, the patient’s illness starts with a feeling
of vague malaise and restlessness which may go on for days with
no clear presenting picture, which explains why the diagnosis may
be missed, even by experienced cliniciansin endemic areas, espe-
cially when other febrile diseases are common

Complicationsof entericfever

(1) Relapse: Relapse constitutes the commonest complica-
tion of typhoid, occurring in some 10-20% of cases. In this, the
symptoms recur following the end of theinitial, classical, attack.
Without treatment, the course of arelapse is normally shorter and
milder than theinitial attack, but prolonged, severe and even com-
plicated disease may occur.

(2) Perforation: Perforation of the bowel occursin 0.5-5%
of cases and continues to be the most dreaded complication of
typhoid.

(3) Haemor rhage: Haemorrhage from the bowel ul cerations
may occur early in the disease but as the disease progresses larger
vessels may be involved and, in pre-antibiotic days, severe
haemorrhage occurred in 10-20% of patients. This could be acute
and catastrophic

The paratyphoid fevers generally yield milder illness than
typhoid. Individual cases of enteric fever cannot be diagnosed as
typhoid or paratyphoid on clinical grounds aone.

Pathogenesis

The infectious dose is believed to pass through the stomach
and pylorus. Then invasion of epithelium takes place in the small
bowel. The bacteria penetrate the cells without causing cellular
disruption and pass through to the lamina propria. Here the bacte-
ria are not adequately contained and spread to mesenteric lymph
nodes. By way of the lymphatic system and the thoracic duct, they
reach the bloodstream, giving riseto atransient and usually symp-

129

tomless primary bacteraemia. They settle largely in spleen, liver
and bone marrow and are constrained for the remaining incuba-
tion period. At the end of thisinterval, multiplication of the organ-
ismsgivesriseto asecondary and persistent bacteremiaaong with
the signs and symptoms of the disease. Bacteriathen pour into the
bowel from thebiliary tract. The mesenteric nodesremain infected
from the start but the intestinal epithelium may be cleared except
at the lymphatic aggregates.

| Pathogenesis |
Pass through . Small intestine

Ingestion = : ;e Lol E
gastric acidity = (multiplication)
Int l Mucos‘al penetration
. ntestina
Lhotacic <= | mphatics * (Minimal epithelial
damage)

Bloodstream _bSpIeen, Lliver, |ntracellular

Reticulo ™™ mMultiplication
endothelial

system
Reenter 4= Reenter blood

intestine
through bile

Fig. 8.6-2 Pathogenesis of typhoid fever

Laboratory diagnosis

For the laboratory diagnosis of typhoid, attempts are
made to:

(1) Isolate and identify the organism (2) to recognize a spe-
cific immunologica response to the agent or (3) directly detect
the etiological agent, or its specific products antigens or genomic
elements - possibly after amplification.
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| solation of the etiological agent

Selective and indicator media

Indicator and selective media are essentia to allow the iso-
lation of enteric pathogens from contaminated sites. In most me-
dia, selection was obtained by the incorporation of certain dyes.
L actose non fermentation wasthe basis of indication of likely colo-
nies. More than a single medium, Leifson’s deoxycholate-citrate
agar (DCA), Taylor’s xylose-lysine-deoxycholate (XLD) and vari-
ants of Wilson and Blair’s bismuth sulphite media are all highly
effective.

Enrichment media

For culture from faeces and other contaminated specimens,
preliminary specific enrichment of the pathogen in a liquid me-
dium was used which increased the yield. Miiller’s tetrathionate
broth and selenite broths of Leifson, aregenerally used. More than
a single broth is essential to recover a full range of serovars of
Salmonella

Selection of specimens

S typhi ismaximally isolated from blood in the first week of
disease, from faecesin the second and following weeks, and from
urine in the third and fourth weeks.

Blood

Blood culture is the most useful diagnostic procedure for
the diagnosis of clinical enteric fever. It is often positive during
the early ambulant phase of the disease. It continues to be positive
until effective treatment is given. It is positive during relapses.

For success, 10ml of blood istaken into a suitable 50 ml of
liquid medium on several occasions. ‘Clot culture’ in which the
serum is removed from a blood specimen and the clot is used for
culture.
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Faeces

Culture of faeces is a standard diagnostic technique and
repeated specimensover 2-3 days should betested asthereisvaria-
tion in the shedding of the organisms.

Urine

During enteric fever, organisms are often shed in the urine,
and for diagnosis of casesor carriers 5-20 ml volumescan be mixed
with equal volumes of selenite enrichment broth for incubation
and subculture.

Bile
Culture of a duodenal aspirate, rich in bile, has yielded

S typhi when other methods have failed. Both cases and carriers
have been diagnosed.

Identification of cultures

Presumptive identification is performed by examining the
responses of a purified culture to a set of standard biochemical
tests. Standard slide agglutination testsis doneto confirm theiden-
tity of the organism using known antisera

Serology

Widal near the end of the nineteenth century found that the
sera of typhoid patients developed agglutinating antibodies to
S typhi. A bacterial agglutination test named after Widal isused in
the diagnosis of enteric fever (typhoid and paratyphoid fevers)
which is caused by S typhi, S paratyphi A S. paratyphi B and
S paratyphi C. enteric fevers due to S tpyhi and S paratyphi A
and B are common in India.

Antigens prepared from these strains are used in the aggl uti-
nation test to detect the presence of antibodies in patient’s sera
which are elicited in response to infection by these bacteria. These
organisms possess two major antigens namely somatic “O” and
flagellar “H” antigens. Widal test detects the amount of antibodies
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formed in the patient’s serum. The results of the Widal test must
be interpreted carefully keeping in mind the following :

1.  antibodies appear after 1 week of infection.

2.  Early treatment with antibiotics will interfere with antibody
production.

3. anamnestic response may lead to the presence of low level
of antibodies in serum. 4. TAB vaccination leads to “H”

antibody rise.
5. “O” antibody rise indicates recent infection.
6. “H” antibody is specific for the infecting organisms.

7. Atitreof 1:100 and abovein “O” and “H” indicates active /
recent infection.

8. When low titer is observed the test is repeated to show rise
intiter after aweek and afour fold increasein titer indicates
active infection.

9.  Agglutinins to the somatic (TO) antigens develop later in
the illness and decline slowly and variably in recovery, but
those to flagellar antigens (TH) rise early and persist.

Treatment

Chloramphenicol is effectivein rapid clinical improvement
and a dramatic decline in mortality. But it was noted that faecal
excretion of organisms continued during treatment and that the
incidence of rel gpseswasincreased. Co-trimoxazol e (trimethoprim-
sulpha- methoxazole) can be a useful second-line drug. The
fluoroquinolones are active by mouth, penetrate well in tissues
and are concentrated in phagocytes and bile and have been highly
effective in treating enteric fever. Ciprofloxacin and ofloxacin
have been most commonly used, and found superior to ceftriaxone.
They represent the drugs of choice in the treatment of enteric
fever.
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Pointstoremember

1

Incubation period for typhoid is 7-20 days and the onset is
insidious.

Fever is gradua and then rises to the high plateau. The disease
lasts several weeks with gastrointestinal symptoms.

Blood culture is positive in 1% and 2" weeks of disease and stool
culture is positive from second week. Antibody rise is seen after
seven days.
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Chapter 8.7

SHIGELLA

The genus Shigellabel ongsto thefamily Enterobacteriaceae.
It contains four species Shigella dysenteriae, Shigella flexneri,
Shigella boydii and Shigella sonnei. These are differentiated based
on their biochemical and serological characteristics.

Shigellae are Gram negative bacilli which can not be differ-
entiated from other enterobacteria by morphology. They are non
motile, non-spore forming and non capsulated. They do not fer-
ment lactose but Shi. sonnei ferments lactose slowly. The anti-
genic structure is complex. Based on antigenic structure
Sh.dysenteriae can be sub-divided into 13 and Sh. boydii into 18
specific serotypes. Strains of Sh. flexneri are divided into six se-
rotypes where as Sh. sonnei has two serotypes. Shigellae cause
acute bacillary dysentery in man.

Clinical features:

Bacillary dysentery is characterized by the frequent passage
of blood stained muco purulent stool. It is caused by the members
of the genus Shigellaand is prevalent in many countries. The in-
cubation period is between 2-3 days or may be short. The initial
symptom isabdominal colic. Thisisfollowed by watery diarrhoea,
fever and malaise. In mild casesit resolves at this stage but others
progress to abdominal cramps, tenesmus and frequent passage of
small volumes of stool mainly consisting of bloody mucus. The
symptoms may last for 4 days but may continue for 10 days or
more. Some species may cause febrile convulsions, disseminated
intravascular coagulation and acute renal failure in children.

Pathogenesis:

Bacillary dysentery may follow ingestion of as few as ten
viable bacteria. The site of infection isthe M cellsin the Peyer’s
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patchesof thelargeintestine. Theshigellaemultiply withintheepithdlia
cellsand spread | aterally into adjacent cells, and ulcers are formed.
Theinfected epithelia cdlsarekilled and other cellsdeve op aninflam-
matory reaction with capillary thrombosis. Asaresult, polymorpho-
nuclear leucocytes, red blood cells and damaged epithelial cellsare
poured into thelumen of intestine. They areexcreted inthestool dong
with other materias.

Shigellae rarely invade other tissues. Rare bacteraemiacan
occur, but septicemiais very rare.

Sh. dysenteriae | produces a potent protein toxin (Shiga
toxin). Shiga toxin remains active within endosomes. It prevents
protein synthesis and causes cell death. Hemolytic uraemic syn-
drome is thought to be caused by the action of shigatoxin on kid-
ney tissues. It has also been shown to have neurotoxic properties.

8.9-1 LABORATORY DIAGNOSIS:

The specimen of faecesis always preferable. The specimen
is inoculated onto Desoxycholate Citrate Agar (DCA) or Mac
Conkey Agar. If mucusis present that may be used as inoculum.

After overnight incubation pale non-lactose fermenting
colonies are tested by standard biochemical and sugar utilization
tests to differentiate from other enterobacteria. Identity is con-
firmed by serological tests with species-specific rabbit antibodies.

TREATMENT:

Most cases of Shigella dysentery are mild and do not require
antibiotic therapy. Symptomatic treatment with ora rehydration
salt solution may be required. Treatment with suitable antibiotic
IS necessary in very young, the aged and in severe infections.
Ampicillin, Co-trimoxazole, Tetracycline or Ciprofloxacin may be
used if any one drug is shown to be active in vitro.

SOURCESAND SPREAD:

Bacillary dysentery spreads by the fecal-oral route. If the
infected person does not clean hishands properly at toil et, he spreads
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the bacteriato others by touching door knobs, wash basintapsand so
on. When another person handlesthosethings, hegetstheminhishands
and thento hismouth. It also spreadsthrough contaminated food and
water. Mainly school agechildrenareinvolved and particularly primary
school children. Neglect of toilet hygiene by children a school playsan
important role. Sometimesit may beseasonal. Flyinginsectstransmit
the disease by transferring shigellaefrom human excretamechanically
to food stuffs. Foods may also be contaminated directly by human
handlers.

CONTROL:

Good hygienic toilet facilities, mainly in schools may re-
duce the spread of infection. Hand washing after the use of toilets
should be taught in schools. During infection hand washing may
reduce only avery little number of bacteria. So people with severe
infection need to stay away from work.

Pointstoremember:

1. Shigella are Gram negative, non motile bacilli. There are four
species. Bacillary dysentery is caused by the genus Shigella. In
bacillary dysentery blood stained muco- purulent stool is passed.

Shigella dysenteriae | produces shigatoxin. It isaneuro toxin.
For treatment oral rehydration with salt solution isrecommended.

Bacillary dysentery spreads by the fecal-oral route. So good
hygienic toilet facilities mainly in schools may reduce the spread
of infection.
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Chpater 8.8
VIBRIO

The genus Vibrio includes more than thirty species that are
found commonly in aguatic environment. The most important
pathogens of man are Vibrio choleraeand Vibrio parahaemolyticus.

Vibrios are short Gram negative rods which are often curved
and actively motile by a single polar flagellum. They produce the
enzyme oxidase and indole. The genus can be divided into non-
halophilic vibrios which grow in media without added salt and
hal ophilic vibrios which grow in ordinary mediawith added elec-
trolytes. Most vibrios grow at 30°C, but hal ophilic species poorly
grow at 37 °C, but V. cholerae and V. parahaemolytics grow even
at 42 °C.

Fig. 8.8-1V.cholerae

The somatic antigenic (O antigen) structureis the important
factor in identification of the organism. More than 200 different O
serogroups have been described. If the vibrio possesses O1 antigen,
the organism isknown as V. cholerae O1. Other strains are collec-
tively known asnon-O1. All strains of V. cholerae share the same
flagellar (H antigen) antigen. Strainsof V. cholerae O1 may be subdi-
vided on the basis of O antigens into two subtypes Inabaand
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Ogawa. There aretwo biotypes of V. cholerae O1. They are clas-
sical and El Tor biotypes. The El Tor variant is distinguished from
the classical biotype by the ability to express the hemolysin and
resistance to Polymyxin-B

CLINICAL MANIFESTATIONS:

Effortlessvomiting and profuse watery diarrheaare the char-
acters of cholera. The rapid dehydration and hypovolaemic shock
may cause death in 12-24 hrs. The watery stool is colourless with
flecks of mucus and distinctive fishy odour and also called “rice
water stool”.

It contains little protein and is different from the mucopuru-
lent blood — stained stool s of bacillary dysentery. Anuriaand muscle
cramps occur and the patient becomes weak and lethargic with
low blood pressure and absent or thready pulse.

PATHOGENESIS:

The Cholera vibrios are ingested in drink or food and the
doseis small. After passing the acidity of the stomach, the organ-
isms begin to multiply in the akaline environment in the small
intestine. With the help of enzymes produced by the organisms,
they penetrate the mucous layer and adhere to the enterocyte sur-
face.

Vibrio Cholerae Enterotoxin :

Themajor virulencefactor invibrio choleraeischoleratoxin.
It is a heat labile enterotoxin with a molecular weight of about
84,000, consisting of sub unitsA (M.W. 28,000) and B. The sub-
unit-B attaches on Ganglio side GH1 which serves as the mucosal
receptor, and it promotes entry of sub-unit A into the cell. The A
sub-unit provides the toxigenic activity intracellularly after pro-
teolytic cleavage into 2 peptidesA; and A,. A, is the active por-
tion of the molecule.
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Activation of A, sub unit increases the levels of intracellu-
lar cAMPand resultsin prolonged hyper secretion of water and el ec-
trolytes. Thereisincreased sodium-dependent chloride secretionand
sodium and chlorideabsorptionisinhibited. Asaresult diarrhoeaoc-
curs, with 20-30litre/day loss of water.

LABORATORY DIAGNOSIS:

Stool specimens are collected and inoculated into alkaline
peptone water. Vibrios grow faster than other organisms. After in-
cubation for 3 — 6 hours, aloopful from the surface is inoculated
on TCBS [Thiosulphate Citrate Bile salt Sucrose] agar. On this
medium V. cholerae strains appear as yellow, sucrose fermenting
colonies. The colonies should be tested for the enzyme oxidase
and then biochemical tests are done. Confirmation of V. cholerae
is done with rabbit antibodies specific for O1 antigen. If aggluti-
nation occurs, it is confirmed.

TREATMENT:

In cholera the main treatment is replacement of fluid and
electrolytes. Oral fluid therapy is sufficient, but in severe cases
intravenous rehydration is required. WHO recommends oral rehy-
dration therapy. Tetracycline, Chloramphenicol and Co-trimoxazole
reduce the period of excretion of V. cholerae in cholera patients.
Tetracycline is also used to reduce environmental contamination.

EPIDEMIOLOGY, PREVENTIONAND CONTROL :

The pandemic of choleraoccurred in the 1800 and early 1900s.
Theclassic biotypewas preval ent through 1960s. The El Tor biotype
whichwasdiscoveredin 1905 becameprevalent inthelate 1960s, and
had caused the seventh pandemic of cholerainAsia, Middle East and
Africa

Choleraisendemicin Indiaand South East Asia. From these
centers it is carried by shipping trade routes and pilgrim routes.
The disease spreads from person to person contact involving indi-
viduals. vibrois survive in water for upto 3 weeks.
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Control measures depend on how people are educated onim-
provement of sanitation, particularly of food and water. Patientsshould
beisolated. Eventhough antimicrobia drugshaveaplacein trestment
vaccineisa so recommended to heavily exposed personsbut it isnot
effective. Asan endemic control measurevery few countriesask for
the vaccination certificatefor cholerabut WHO vaccination certificate
isvaidfor 6 monthsonly.

VACCINE

Immune response is directed against the bacterium and not
against the toxin. Infection with V. cholerae gives complete im-
munity for few years. Traditional whole — cell vaccines are not
very effectiveand are not recommended for travellers. Killed vaccines
arelicensedin some countries and appear to be safe and give protec-
tionfor six monthsonly. Liveattenuated oral vaccinesareontrial.

Points to remember

1. Vibrios are short Gram negative curved rods, which are oxidase
positive. There are many serotypes and among them V. cholerae
01 and 0139 produce epidemic cholera,

2. The organisms are ingested in contaminated water and food.
Effortless vomiting and profuse watery diarrhea are the
characteristicsof cholera.

3. Choleratoxinisresponsiblefor the diarrhoea.
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Chapter - 8.9

CLOSTRIDIUM TETANI

Anaerobic bacteriaarefound through out the human body, on
the skin, on mucosal surfacesand in high concentrationsinthe mouth,
and gastrointestinal tractsas part of normal flora. They do not grow in
presence of oxygen and arekilled by oxygen. Infectionsare produced
when anaerobes of thenormal floracontaminatenormaly sterilesites
of the body. Several important diseases are caused by anaerobic
clogtridium speciesfrom theenvironment or fromthenormd flora. They
arebotulism, tetanus, gas gangrene, food poisoning and pseudomem-
branouscalitis. Clostridiumtetani organismsarestraight, dender Gram
positive bacilli with rounded ends. Thefully devel oped sporegivesthe
bacilli drumstick gppearance.

Thetetanus bacillusis an obligate anaerobewhichismotile
with numerousperitrichousflagela It growswell in cooked meat broth
and produces athin film when grown on enriched blood agar. The
sporesmay behighly resistant to adverse conditionslike boiling water,
dry heat at 160°C and 5% phenol. 1% iodine in water kills the spores
infew hours.

Tetanusbacilli may befound inthe humanintestine, but people
get theinfection fromanimal faecesand soil. Theorganismispresentin
themanured soil. Tetanus sporesoccur very widely and are presentin
gardens, sportsfiddsand roads, inthedust, plaster and air of hospitas
and houses, on clothing and on articlesof commonuse. For thisreason
awound through skin contaminated with soil or manure deservesa
Specia attention.

TOXINS

Two typesof toxinsare produced by C. tetani. Oneisoxygen
labile haemolysinandiscalled tetanolysin. Theother oneistheessen-
tial pathogenic product, aneurotoxin and iscalled tetanospasmin.
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Theestimated lethal dosefor amouse of puretetanospasminis
0.0001 pg. Itis toxic to man and various animals when injected parenter-
ally, but not by oral route.

Fig. 8.9-1 Clostridium tetani

When the disease occurs naturally thetetanusbacilli stay at the
gteof infectionand arenct invasive. But thetoxin diffusesto affect the
spina cord and then the entire system. The toxin is absorbed and
ddiveredtoall nervesby blood.

Thetoxin reachesthe central nervous system by passing
alongthemotor nerves. Toxinfirst passesto part of thebrain stemor
spina cord and causes local tetanus. Then by local spread, up the
spina cord, producesascending tetanus. After reachingthebrain stem,
spreads downwards causing lockjaw followed by descending tetanus.
Tetanustoxin causesover action of motor cellsintheanterior horn of
the spinal cord, and then diffusesinto the whol e central nervous sys-
tem. Thetoxin affectsthe membrane of synaptic vesicles. Thispre-
ventsthere ease of neurotransmitter y-aminobutric acid.

More neuronsareleft under no inhibitory control and undergo
sustained excitatory discharge caus ng the characteri stic motor spasms
of tetanus. Thetoxin exertsits effects on the spinal cord, thebrain
stem, peripheral nerves, at neuromuscular junctionsand directly on
muscles
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PATHOGENES S

Tetanusoccursusualy astheresult of contaminated wound with
C. tetani spores. If washed sporesareinjected into an animal they fail
to germinate and are removed by phagocytosis. Germination of the
spores depends on reduced oxygen tension occurring in devitalized
tissuesand non-viable materia inthewound. Infectionislocdized, te-
tanic condition occurs dueto thetoxin. Tetanustoxin doesnot cause
death of the adjacent tissues and does not bring about the spread from
itsinitial focus. Casesof tetanus have been reported from superficial
abrasion or aminor thorn prick. Gardening enthusiastsform oneof the
recognized risk groups. Otogenictetanus (infection of theexternal au-
ditory mesatus), cryptogenic tetanus (site of infection undiscovered),
uterustetanus, tetanus neonatorum (infection of theumbilica wound of
new borninfants) and post operativetetanus have been reported.

CLINICAL FEATURESOFTETANUS

Symptoms start with some stiffnessand painin or near therecent
wound. Insomecasestheinitial complaint may be of stiffness of the
jaw (Lock jaw). Pain and stiffnessin the neck and back may follow.
Thedtiffnessspreadstoinvolvedl musclegroups. Facid spasmspro-
ducethe“‘sporadic grin” and in some cases spasm of the back muscles
producesthe opisthotonos (extreme arching of the back). It takes 10-
14 days between the injury and the first sign and aso it may vary.
Swesting, tachycardia, arrhythmiaand swingsin blood pressure may
al so be seen.

LABORATORY DIAGNOSIS

Specimensfrom woundsare collected and Gram stained. The
smear shows characteristic Gram positive drum stick shaped ba-
cilli. They may confuse with other bacilli with terminal spores.
Simple microscopy may not be useful, immuno fluorescence mi-
croscopy with a special stain may be effective but not generally
available. Direct culture of the unheated material on blood agar
should be incubated anaerobically. Specimen from wound should
be heated at varying temperatures for various spore forming or-
ganisms. Tetanusmay be produced in miceby sub-cutaneousinfection
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of theanaerobically grown culture. Control miceare protected with
tetanusantitoxin.

TRATMENT

The patient isconscious and requires sedation and congtant nurs-
ing. Intravenousinjection of largeinitial dose of antitoxin (30,000 to
200,000 units) followed by intramuscul ar injection, arerecommended
immediately. Thewound is cleaned and | eft open with aloose pack.
Surgica remova of necrotictissueisessentid.

Thepatient isgiven 10,000 unitsof human tetanusimmunoglobin
(HTIG) insdineby dow intravenousinfusion. Penicillinor metronida:
zoleisgivenfor aslong ascons dered necessary. Previoudy immuni zed
individua when wounded should be given booster dose of tetanustox-
oidto stimulatethe antitoxin production.

EPIDEMIOLOGY:

Tetanuscomesunder themgjor lethd infections. Therearearound
1 million deaths annually from tetanus of which 400,000 are dueto
neonata tetanus. Thusthediseasevariesfrom country to country, and
isuniversally proportional to socio-economic devel opment and stan-
dard of living, preventive medi cine and management of wound. Treat-
ment of theumbilica cord with cow dung, tying of umbilical cordwith
primitivelygaturesand ear piercingwith ungterileinstrumentsmay cause
tetanus.

PREVENTION AND CONTROL:

Wound management is of thefirst and foremost importance.
Otherwisetetanus sporeswill germinateintheuncleanwounds. Active
immunization: Universal activeimmunizationwithtetanustoxoidisman-
datory. All personsshould be actively immunized against tetanusin in-
fancy and their immunity is maintained by booster doses of toxoid at
intervalsof fivetotenyears. Tetanustoxoid isapreparation of refined
toxinthat hasbeen rendered non-toxic by treatment with formal dehyde
(formd toxoid). A solubletoxoid ismade moreeffective by adsorption
on to an duminium hydroxide carrier (adsorbedtoxoid). Tetanus
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toxoidisgiven dong with Diphtheriaand pertussisasatriplevaccinein
childhood.

A courseof three 0.5 ml dosesof tetanustoxoid withinterva sof
6-12 weeksbetween thefirst two, and 6-12 months between the sec-
ond and third injections. A booster dose of 0.5 ml may be given at
intervalsof fiveto ten yearsto maintain immunity. A careful record
should bekegpt of dl prophylacticinjections.

PASSIVE IMMUNIZATION:

Tetanusantitoxin isoften called antitetanus serum or ATS can be
obtai ned by immuni zing horseswith toxoid. Thisserumisof vauein
theprophylaxisof tetanusif givenimmediately after wounding. Itsuse
asacurative agent after development of tetanusislesseffective.

COMBINEDACTIVEAND PASSIVEIMMUNIZATION:

Patientsrecel ving passive protection with antitoxin after injury,
should a so begiven tetanustoxoid. Aninjured non-immune patient
may receivefrom separate syringes, 1500 units of equinetetanusanti-
toxin or 250 unitsof homologousATG intramuscularly inonearmand
0.5 ml of the adsorbed toxoid inthe other. The patient isadvisedto
have asecond injection of 0.5 ml of adsorbed toxoid 6-12 weeks|ater.

Pointsto remember:

1. Clostridium tetani is an anaerobic bacterium. It forms round
terminal spore which gives drum stick appearance to the bacilli.

2. It produces two toxins, one is a potent neurotoxin called
tetanospasmin which acts on neuromuscular junction and causes
lock jaw and characteristic spasm of tetanus. The other is a
hemolysin.

3. Tetanustoxoidisgivenaongwith diphtheriaand pertussisasatriple
vaccinein childhood.
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Chapter - 8.10
CLOSTRIDIUM BOTULINUM

Clostridium botulinumis an anaerobic Gram positive motile
bacilluswith peritrichousflagella. It isasaprophytewidely seenin sail,
vegetable, fruits, leaves, manure and mud of seaand lake. It produces
apotent neurotoxininfood. It produces sporeswhich areoval in shape
and sub terminal. They resist boiling and heating and areusually de-
stroyed by moist heat at 120 deg C within 5 minutes. Insufficient heat-
ingintheprocessof preserving food may causethe multiplication of the
organism.

Toxinsof C. botulinum

Botulinal toxins are among the most poisonous natural sub-
stances known. There are 7 main types of C. botulinum and they
are known as A to G All of them produce antigenically distinct
toxins but their actions are identical and they all cause human dis-
eases, but A, B and E are most common. If antitoxin isgivento a
patient in an emergency, type specific antitoxin will be effective.
Type E strains are associated with marine products but TypeA and
B are associated with soil.

Clinical Features

The period between the ingestion of toxins and appearance
of signs and symptoms is 1 — 2 days but it may be longer also.
Initially there is nausea and vomiting. The oculomotor muscles
are affected and there may be vertigo and blurred vision. Thereis
progressive descending motor loss with flaccid paralysis but with
no loss of consciousness or sensation. The patient isthirsty with a
dry mouth and tongue, there are difficulties in speech and swal-
lowing with later problems of breathing and despair. There may
be abdominal pain and restlessness. Desth is due to respiratory
and cardiac failure.
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Botulism

Botulismisasevere, fatal form of food poisoning with character-
istic neurotoxic effects. The disease hasbeen caused by awiderange
of foodsusually preserved food, home preserved meat, vegetables,
canned products such asfish, liver pasteand even honey.

Foodsresponsiblefor botulism may not show signsof spoilage.
Thepreformed toxinin thefoodisabsorbed from theintestinal tract. It
isaproteinandisnot inactivated by theintestina proteol ytic enzymes.
Thetoxinismadeup of two parts. Aisthesmall part and B isthelarger
one. Thelarger part bindsto the mortor nerve end plates. Thesmaller
part blocksthe cal cium mediated rel ease of acetyl choline.

Wound Botulism

Rare cases of wound infectionswith C. botulinumhave been
reported.

Infant Botulism

Young children usually less than 6 months are affected by
C. botulinumand the organisms colonize the intestine astheresis-
tanceis poor. There are various grades of syndrome. They develop
poor feeding, weakness and signs of paralysis. Thisis one of the
reasons of sudden death syndrome. Organisms and toxin are found
in the faeces and not in the blood. The reason may be the presence
of sporesin the honey which is used for feeding. The spores ger-
minate and produce toxins in the infant gut.

Laboratory Diagnosis

The suspected food samples, faeces or vomit may be taken
as specimens. The organism or its toxin may be detected in the
suspected food. Toxin may be demonstrated in the patient’s blood
by toxin — antitoxin neutralization test in mice. Botulinal toxin is
very dangerous and care should be taken while handling the speci-
men and toxin.

Gram stained smears of the food may be examined for the
sporing bacilli. Thesamples should be heated at 65— 80 °C for various
timesto eliminate non— sporing bacteriaand cultivated anaerobically.
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C.botulinumisgrown from the food remains. Inocul ated bl ood agar
platesare placed inair tight container fromwhich air isremoved and
replaced by nitrogenwith 10% CO.,,. Fluid mediasuch ascooked mezat
medium and thioglycolate medium can a so be used. C. botulinumis
identified based uponitshiological characteristicsand toxigenicity. In
addition, immunofluroscence staining may be usedif conjugated antis-
eraareavailable.

Treatment

Antitoxinisprepared by immunizing animaswith toxoid prepa-
rationsand it isused therapeutically. In genera abivalent serum con-
taining antitoxinsto A and B typesof toxin hasbeen used for prophy-
laxis and treatment. Antitoxin to type E is also added as aroutine.
Intensive care should begivento patients.

Control

Thesporesare present in soil and contaminate vegetablesand
fruits. Chief problem liesin home canned food like peasand pickles.
Home canning of food stuffs should be avoided and commercialy can-
ning must bestrictly controlled. Preservation of vegetablesand other
eatablesby inexperienced hand isdangerous. Fruits may be bottled by
heatingat 100 °C because the organism doesnot grow inacid pH.

A prophylactic doseof polyvaent antitoxin should begivenin-
tramuscularly to all personswho have eaten food suspected of having
caused botulinum. Activeimmunity can beobtained by injecting 3 doses
of mixed toxoid at intervals of 2 months but theincidenceistoo low
and itisnot needed asaroutine. But |aboratory staff who handlesthe
organi Smsor specimen contai ning organismsor toxin should begiven
activeimmunization.

Points to remember

1. Clostridium botulinum toxins are among the most poisonous
natural substances known. Clostridium botulinum causes botulism,
a severe, fatal form of food poisoning with characteristics
neurotoxic effects.
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2. The toxin blocks the release of acetyl choline and causes flaccid
paralysis. It also causes infant botulism.

3. If the botulinum spores are present in the canned or preserved
food, they geminate in the intestine and toxins are produced.
Home canning of food stuffs should be avoided. Preservation of
eatables by inexperienced hand is dangerous.
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Chapter - 8.11
CHLAMYDIA

I ntroduction

Chlamydiae are large group of obligate intracellular para-
sites. They closely resemble Gram negative bacteria. They are
among the most common pathogens throughout the animal king-
dom. Therearefour species. 1. Chlamydiatrachomatis 2. Chlamy-
dia psittaci 3. Chlamydia pneumoniae 4. Chlamydia pecorum.

Common characteristics of Chlamydia

They are non motile, Gram negative, obligate intracellular
bacteria. Particle size varies from 250-500 nm. Multiplication is
by means of an unique developmental cycle (different from other
microorganisms). They replicate within the cytoplasm of the host
cell and produce characteristic inclusion bodies.

Inclusion bodies can be seen by light microscopy. They dif-
fer from the viruses by possessing both RNA and DNA. Cell wall
structure is similar to Gram negative bacteria. They are suscep-
tible to antimicrobial agents such as sulfonamides, chlorampheni-
col, tetracycline and also possess humber of enzymes with lim-
ited metabolic capacity. These metabolic reactions do not yield
energy to the cell, so they are considered energy parasites. They
use energy produced by the host for their own requirements.
Chlamydiae possess group specific, complement fixing antigens.
Theindividual members are identified by their virulence to differ-
ent hosts, pathology produced and possession of specific antigen.

Taxonomy
Order: Chlamydiales
Family: Chlamydiaceae
Genus. Chlamydia
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Species:

1. Chlamydia trachomatis.
2. Chlamydia psittaci.

3. Chlamydia pneumoniae.
4. Chlamydia pecorum.

1. Chlamydiatrachomatis

Itincludesorganismscausing: i. Trachoma ii. Inclusion conjunc-
tivitis iii.Lymphogranulomavenereum (LGV), iv. Genitd tract diseases.
Thesearesenstiveto sulfonamides,

2. Chlamydiapsittaci

Thesedrainsinfect many avian species, and mammals. They cause
diseases such as: Psittacosis, Ornithosi s, Feline pneumonitis, Bovine
abortion. Theseareres stant to sulfonamides

3. Chlamydia pneumoniae
Exclusvehuman pathogen.

4. Chlamydia pecorum
Pathogenicrolenot established .

Elementary body

e

Phagocytes

g ‘Phagocy‘tosis

derived from
host
membrane

Inclusion in

et
cytoplasm N ‘ : \\ /

Inital b dy
Fig.8.11-1 Multiplication of Chlamydia

All Chlamydia share ageneral sequenceof eventsintheir re-
production.
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Theinfectiousparticleisasmall cdll. Itiscaled d ementary body,
0.3 um in size. It contains electron dense nucleoid. It is taken into the
host cell by phagocytosis. A vacuol e derived from host cell membrane
formsaround smdl particle.

Thesmall particleisreorganizedintoalargeone. Itiscalled
Initial body, 0.5 um in size. Itisdevoid of electron dense nucleoid

Large particle grows in size within the vacuole. It divides
repeatedly by binary fission and the vacuole is filled with small
particles called inclusion

Differences between elementary and reticulate body

Elementary body Reticulate body(Initial body)
Size about 0.3um 0.5um

Rigid cell wall Fragile cell wall

Relatively resistant to sonication Sensitive to sonication
Resistant to trypsin Lysed by trypsin

Subunit in cell envelope No sub unit in envelope

RNA:DNA contentis1:1 RNA:DNAis3:1

Toxic for mice Not toxic for mice

Infectious Not infectious
Adapted for extracellular survival Adapted for intracellular growth

Structure and chemical composition
Examination of highly purified materials reveal:

Outer cal wall

It resembles the cell wall of Gram negative bacteria, con-
tains relatively high lipid content.
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Itisrigid and doesnot contain typical bacteria peptido glycan.
Thetetrapeptidelinked matrix isseen. Penicillinbinding proteinsoccur
inchlamydiae. Cdl wall formationisinhibited by penicillinsand cyclos-
erineand substancesthat inhibit trangpeptidation. Lysozymehasno ef -
fect onchlamydia cell wall and N-acetyl muramic acid appearsto be
absent

Nucleicacids

Both DNA and RNA arepresent ininitial and el ementary bod-
ies.

DNA: DNA isconcentrated in e ectron dense nucleoidin el-
ementary body. DNA isdistributed throughout the cytoplasmininitia
body.

RNA: Most RNA exigsinribosomesincytoplasm. Largeinitid
body contains4 timesasmuch RNA asDNA. Small e ementary body
containsequal amountsof RNA and DNA. Chlamydiae possesscircu-
lar DNA asthat of bacterial chromosome. Chlamydiacontainslarge
amount of lipids. They are phospholipidsin nature.

Toxicmoiety

Toxicity isassociated with infectious chlamydiae. It killsmice
after i.v injection of >108 particles. Toxicity isdestroyed by heat but
not by UV light.

Inclusonsof Chlamydia
Fully formedintracdl lular inclusonsare seenin cytoplasm.
Inclusion body

Inclusion in
cytoplasm

-

Inclusion in
cytoplasm

Fig. 8.11-2 Inclusion body

They are seen as compact mass near the nucleus. They ap-
pear dark purple when stained with Giemsa and Red with
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Macchiavello stains. When stained with Lugol’s Iodine they appear as
browninclusions.

InTrachoma, Inclusion conjunctivitisand LGV theindusion body
consistsof acolony of small (elementary and Large (reticul ate) par-
ticlesof varying proportions.

Trachoma

Trachoma is a specific kerato conjunctivitis caused by Chl.
trachomatis, severe complicated cases may lead to partial or total
loss of vision. Severe casesoccur in endemic aress.

Etiology

It is caused by Chl. trachomatis sero group A, B1, B2,
and C.

Epidemiology of Trachoma

It occurs throughout the world . There is no relation to cli-
mate or race. It is a serious public health problem in Africa, Asia,
and Latin America. Spread is from eye to eye through direct or
indirect contact with infected material. Extraocular location oc-
cursand ismainly genital. Venereal transmission does occur. When
the agent localizesin cervix uteri infection of the newborn occurs
similar to inclusion conjunctivitis.

In endemic areas, severity of the disease is influenced by
duration of illness, occurrence of relapse or reinfection. Associa-
tion with Haemophilus and Moraxella complicates disease. In en-
demic areas complication may be seen in young children. Spread
of infection is facilitated by use of common towels, eye cosmet-
ics, contaminated water for washings, Presence of flies.

Pathogenesis and Pathology of Trachoma

On the palpabral conjunctiva, the process begins with dif-
fuse hyperemia, infiltration leading to vascular papillae and lym-
phoid follicles. Both upper and lower lids may be involved. Typi-
cally upper tarsal plateisinvolved, later cicatricial tissues develop
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due to follicular necrosis. Diffuseinfiltration or fibross also seen.
Structura dterationinthelidsdevelop duetoretraction of cicatricia
tissue.

Thisleadstotrichiasisand enteropion leading to partia or tota
lossof vision. In cornes, infiltration and neovascul arization of upper
limbus occur which may extend downwards and reach pupillary area.
Corned conjunctivamay beaffected. Folliclesmay develop at the up-
per limbus. Superficia keratitismay occur. Reabsorption of infiltration
at thelimbusmay |ead to formation of Herbert’s pits and Corneal opacity
may |ead to ulceration. Follicles have been described on urethral and
cervical mucous membranesin extraocul ar cases.

Diagnosis

Inendemic areasthefollowing signsarelooked for: Upper tarsd
follicles, Limbal folliclesor Herbert’s pits, Corneal infiltration and
neovascularization. Conjunctiva scarsof characteristic configuration.

L aboratory diagnosisof Trachoma

Specimens. Conjunctival or corneal scrapingsare collected.

Direct demongtration: Organismsor inclusionbodiesaredem-
ongrated using any of thefollowing staining procedures: Giemsastain,
Gimenez stain, Macchiavell0’s stain, lodine stain or by Immunofluores-
cence

| solation of agents: Growth of the organismsisattemptedin
Eggyolk and Tissueculturesinwhichinclus onsarel ooked for by staining
or by IF. Type specific antibodiesin serum and tearsare demonstrated.

Treatment

Tetracycline, doxycycline, erythromycin, azithromycin or
ofloxacin, rifampin, clindamycin arethedrugsof choice.

L aboratory diagnosisof other chlamydial infections: Collection

of Specimen: Dependson Clinical manifestation.

Clinical manifestations:

1. Inclusion conjunctivitis: The specimens examined are
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conjunctival swab/scrapings, corneal scrapings, and
purulent material fromtheeye.

LGV (L1,L2,L3)

Chlamydial genital infections : Specimens such as Urethral
swab, cervical swab/endometrial/ salpingeal purulent
materias, pus from bubo, rectal swab and nasopharyngeal
swab are collected and examined.

Chlamydia pneumonia and

Psittacosis : Sputum and respiratory materials are collected
and examined.

Transport tothelaboratory : Materidsarecollected intrans-

port medium such as Sucrose phosphate with bovine serum or
Sucrose phosphate gluconate with  bovine serum. They are
transported immediately or refrigerated at -40°C or -60°C.

Diagnostic procedures: such as 1.Cytology, 2.Cultureand 3.

Antigen detection are undertaken.

Pointstoremember:

1

Chlamydiae are intracellular microorganisms that resemble Gram
negative bacteria.

They cause variety of human infections such as ocular infections,
genital infections and respiratory infections.

They have specialized sequence of events in their reproduction
and produceinclusion bodiesinside the cells.

Chlamydiae possess group and species specific antigens.

Trachoma is caused by serogroup A, B and C, urethral infections
by B, D, E to K, and lymphogranuloma venereum by L1, L2
and L3.

Trachomais a specific keratoconjunctivitis. Severe infectionslead
toloss of vision which occurs world wide.
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Chapter -8.12
MYCOPLASMA

Introduction

Nocard and Roux discovered mycoplasma 100 years back.
These organi smspassed through bacteriastoppingfilter. They caused
pleuropneumoniain cattleand werea so called “Pleuropneumonia like
organisms” (PPLO). They were also called Eton’s agents. They are
pathogens of respiratory and urogenital tracts. In  humans, Myco-
plasma pneumoniae causes pneumonia. Ureaplasma urealyticum
has been associated with non gonococcd urethritisinmen. M. hominis
caused post partum fever inwomen and al soin uterinetubeinfections.

General Characteristicsof Mycoplasma

Thesmdlest Szeis125—250nm. They are highly pleomorphic,
lack rigid cell wall, bound by atriplelayered unit membranethat con-
tainssterol. They are compl etely resi stant topenicillins because they
lack cell wall. But they areinhibited by tetracycline or erythromycin.
They grow in cell freemedia. The centre of the colony isembedded
beneath the surface giving afried egg appearance. Growthisinhibited
by specific antibody. They have an affinity for mammalian cell mem-
brane.

Morphology

Becauseof lack of cell wall, morphol ogy isnot specific. Growth
influid mediagivesriseto many different formslikerings, bacillary and
spird bodies, filamentsand granules. Growth on solid medium shows
plastic protoplasmic masses of indefinite shapeand are easily dis-
torted.

Culture

Mycoplasmagrowsin heart infusion peptonebroth with 2%
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agar, pH 7.8towhich 30% human asciticfluid or anima serumisadded.
Incubation at 37°C for 48 — 96 hrs reveals no turbidity in fluid but
centrifuged sedimentsshow pleomorphismin Giemsa stain.

Growth Characteristics

Extremely smal in sze. They grow on complex but cdll freeme-
dia. They passthrough filtersand are comparablewith Chlamydiae or
large viruses. Many Mycoplasmas use glucose asasource of energy
and Ureaplasmasrequireurea[ 10%)]. They grow on cell freemedia
that contain lipoprotein and sterol.

Classification

They belong to the class Mollicutes (soft skin). They lack cell
wall and cell wall precursors. Mollicutesaredivided into 2 orders (1)
Mycoplasmata es and (2) Acholeplasmata es. Mycoplasmatales are
divided into two families (1) Mycoplasmataceae and (2)
Spiroplasmataceae. Mycoplasmataceae has two genera (1) Myco-
plasmaand (2) Uregplasma.

8.14-1 Diseases caused by Mycoplasmas

In Humans someare normal inhabitants of genitourinary tract,
particularly females. In pregnant women it isassociated with chorio
amnionitis, post partum fever and low birth weight of infants. U.
urealyticumrequires 10% ureafor growth. It causes non gonococcal
urethritisand may cause maleinfertility. M. pneumonia causes pneu-
monia

InAnima smycopl asmacauses pleuro— pneumonia which is a
contagiousdisease of the cattle, with occasiond degths.

Human infections

There are over 150 speciesin the class of cell wall free bac-
teriaknown asMollicutes. Atleast 15 of these species are thought
to be of human origin. In humans 4 species are of primary impor-
tance. Mycoplasma pneumoniae causes pneumonia and joint
infections. Mycoplasma hominis produces post partum fever, and
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uterine tube infections. Ureaplama urealyticumis associated with
non gonoccal urethritis, lung diseases and in premature infant of
low birth weight. Mycoplama genitalium is related to M.
pneumoniae, and causes pneumonia and also urethral and other
infections.

Mycoplasma pneumoniae

The morphology appears different according to methods of
examination. Growth in fluid media gives rise to many different
formsincluding rings, bacillary, spira bodies, filaments and gran-
ules. Growth on solid mediaconsists of plastic protoplasmic masses
of indefinite shapethat are easily distorted. M. pneumoniae causes
atypical pneumonias.

Pathogenesis

From the respiratory secretions through inhaation organ-
isms enter the respiratory tract. They attach to the receptor on the
respiratory epithelial cells, multiply and cause the disease.

Clinical Findings:

Pneumonia caused by mycoplasma is generally a mild dis-
ease. It starts from asymptomatic infection to serious pneumoni-
tis, withoccasional neurol ogic and hematol ogic involvement. After
the onset symptoms of fever, headache, sore throat and cough
follows. The cough is non productive, later blood streaked spu-
tum and chest pain may be seen. It may progress to very severe
illness. Death is very rare but may cause cardiac failure.

Lab Diagnosis:

Sputum, blood, throat swab, inflammatory exudates and res-
piratory secretion are collected. Direct microscopic examina-
tion is of no use. Specimens are inoculated in media to grow the
organisms. Mycoplasma grows in heart infusion peptone broth
with 2% agar, pH 7.8 to which 30% human ascitic fluid or animal
serum has been added. Following incubation at 37 °C for 48 to
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96 hrstheremay benoturbidity but Giemsastainsof the centrifuged
sediment showsthe characteristic pleomorphic structure and subcul -
tureon solid mediayieldsminutecolonies. Thecoloniesareroundwith
agranular surface and adark centre, typically buried intheagar. They
can be sub cultured by cutting asmall bit of agar with the colony.

Ser ology

Risein theantibody can bedemonstrated by Complement Fixa:
tion Test, Immunofluorescencetest, Passive Haemagglutination test,
Cold agglutination test with human O RBC [Non — specific test]. A
titre of 1:64 or more supports thediagnosis.

Treatment
Tetracylineand erythromycin areused for treatement.

Prevention & Control

Close contact with infected individual s must beavoided. No
vaccineisavailablefor clinica use,

MYCOPLASMA HOMINIS

This can be associated with avariety of diseases but demon-
strated only inafew cases. Itisisolated from upper urinary tract infec-
tioninabout 10% of patientswith pyelonephritis. It isassociated with
infection of uterinetubes, salpingitis. It isalsoisolated fromwomen
with post — abortal or post — partum fever and from joint fluids of
arthritispatients.

MYCOPLASMA GENITALIUM

Thisorganismisisolated from nongonococcd urethritis. Culture
of M. genitalium is difficult. PCR, molecular probesand serologic
testsare used for diagnosis. Data suggests that M. genitaliumis
associated with non Gonococca acuteand chronic urethritis.
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UREAPLASMAUREALYTICUM

This has been associated with many diseasesbut it is demon-
strated only in few cases. It requires 10% ureafor growth. It causes
non gonococcd urethritisinfew menbut mgority of NGU iscaused by
Chlamydia trachomatis [50%]. U. urealyticum is common in the
femaegenital tract. U. ureal yticumhasbeen associated with lung dis-
easein prematurelow birthweight infants. They acquirethe organism
duringbirth. Itisassociated withinfertility aso.

Pointsto remember
1. Mycoplasmasare cell wall less bacteria.
2. They cause variety of infectionsin man, animals and plants.

3. In man it causes respiratory, and urogenital infections most
commonly and other typesrarely.

4. They can be cultured in artificial culture medium and sensitive to
tetracycline and erythromycin.
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SECTION -1V

MEDICAL PARASITOLOGY, MYCOLOGY,
VIROLOGY AND ZOONOSIS

Chapter - 8.13

LEISHMANIA
(Leishmaniasis)

Leishmania species are protozoan parasites belonging to the fam-
ily Tripanosomatidae and the class Mastigophora. There are many species
of Leishmania that cause infections in man. Among them L. donovani
causes Visceral Leishmaniasis or Kala Azar.

Characteristics of class Mastigophora

Parasites of this class possess one or more flagella Which have
the power of motility. They exist in flagellated phase to use them when
the habitat is fluid medium as in blood or in intestine. Flagellum is used
for motility and procurement of food. Change of habitat results in alter-
ation in mode of life. Morphological variation is seen as flagellated forms
in blood and non flagellated forms in tissues. Flagellated parasitic
protozoa can be divided into 2 groups The one which infects vascular
system and other tissues are called haemoflagellates and the others which
infect intestine of man are called intestinal flagellates

Haemoflagellates

They belong to the family Trypanosomidae and pass through a
cycle in the gut of insects. Insects serve as intermediary host or vec-
tors. Originally they were parasites of gutof insects, later adopted to
be parasites of man.

General morphological structure

They possess complex morphological structures. Flagella for lo-
comotion, and nucleus for special functions.
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NUCLEUS

Itis alarge round oval body situated in the center of the body
and known as trophonucleus which is concerned with nutritive func-
tion. It stains red in Leishman stain.

KINETOPLAST

This is equivalent to the nucleus of other cells. It is round or rod
shaped, has two portions. The posterior portion is called parabasal
body and anterior portion is blepharoplast.

FLAGELLUM

Flagellum is a hair like structure originating from blepharoplast.
The portion from blepharoplast to surface of the body is called ax-
oneme. Axoneme projects from anterior end as free flagellum.

UNDULATING MEMBRANE

Itis formed by the flagellum while curving around the body and
is thrown into many folds.

According to the arrangement of these structures there are five
different morphological types.

1. LEISHMANIAL FORM OR AMASTIGOTE FORMS

Kinetoplast

Axoneme

Fig. 8.13-1 Amastigote

Body is round or oval, has nucleus and kinetoplast. Axoneme is
present and there is no flagellum. It measures 2-3 m.

164



2.  LEPTOMONADFORM OR PROMASTIGOTE FORM

The body is elongated, has central nucleus and anterior kineto-
plast and free flagellum.

C Fig. 8.13-2

3. CRITHEDIAL FORM OR EPIMASTIGOTE FORM

It has elongated body, central nucleus and kinetoplast in front of
nucleus. Undulating membrane and free flagellum is present.

Fig. 8.13-3
4. TRYPANOSOMAL FORM OR TRYPOMASTIGOTE
OR OPISTHOMASTIGOTE
Fig. 8.13-4

This has elongated body, Central nucleus, and posterior kineto-
plast. Undulating membrane is present along with free flagellum.
S.METACYCLIC TRYPANOSOMES

Itis slender trypomastigotes

On the basis of life cycle family Trypanosomidae is divided into
many genera: Important ones are: Genus Leishmania and Genus
Trypanosoma.
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GENUS LEISHMANIA

This genus is named after sir William Leishman by Rossin
1903. It exists in blood and tissues of vertibrates as amastigote
form. In culture and in insects as promastigote form. They have both
vertibrate and insect as hosts. The species parasitic to man are
Leishmania donovani, Leishmania tropica and Leishmania
brasiliensis.

LEISHMANIA DONOVANI

The parasite is named after the discoverers; both reported the
organisms at the same time.

History

In India Kala azar was reported before the discovery of the or-
ganisms. In Assam, several epidemics occurred. It was confused with
ancylostomiasis and severe form of malaria. Leishman in May 1903
reported the finding of the parasite in a soldier died of fever contracted
in Dum Dum Calcutta - called Dum Dum fever. Donovan in July 1903
reported the organism in a patient from Madras.

GEOGRAPHICAL DISTRIBUTION

It is endemic in many countries like India, China, Africa,
Southern Europe etc. In India it is more common in Assam, Bengal
and along the coasts of Ganges and Brahmaputra.

HABITAT

Inside vertibrate host itis present as amastigote forms. It infects
Reticulo endothelial sysem, monocytes, polymorphs and endothelial
cells. In sand fly and culture it is present as promastigote form.

CULTURE

It was first cultivated by Rogers in 1904 at 22 °C. Now the

medium used is NNN medium. Novy, MacNeal, Nicolle medium.
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MORPHOLOGY:

Ultra structure of Promastigote

/ bolgi apparatus

Endoplasmir reticulum

Sub pellicular
ricro tubules

Basal body
Kinetoplast

NUcleUs
Mitochondria

Lipid granule Fig. 8.13-5

Fig. 8.13-6

L.donovani multiplies inside reticulo endothelial system. It
divides by binary fission and the cells are packed with 50-200
amastigotes - called Leishman-Donavan (LD) bodies. They are liber-
ated by the lysis of the cells and the parasites invade fresh cells. Blood
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sucking insects take free leishmania and phagocytosed ones. In sand
flies amastigotes transform into promastigotes. They multiply by binary
fission in the mid gut and spread forward and reach buccal cavity in 6-
9 days. This is called Anterior station development. These are intro-
duced into the new host by the bite of P. argentipus.

Pathogenicity and clinical manifestations

L. donovani produces a disease known an Leishmaniasis. Incu-
bation period varies from 3-6 months. The following clinical manifesta-
tions may be seen.

A. Inapparent infection

Infection is present but the disease is absent. Skin test is positive
and antibody is present. Hepatic granuloma without disease may also
be seen.

B. Kala azar

In some cases there is acute onset of fever 104°F, rarely two
peaks in 24 hr seen. In more chronic cases no fever may be present.
Characteristically marked fever with little constitutional symptoms are
seen so that patient’s ambulant Lymph nodes are moderately enlarged
usually the inguinal and femoral nodes (Africa). Spleen gradually en-
larges and fills right iliac fossa: first soft and then hard. Jaundice is seen
in 10% of cases and IgG may rise to 4 g %. Reduction in platelets and
half life of RBC and RES destruction are seen.

C. Unusual form of visceral leishmaniasis

Tonsilar lesion with cervical lymph node enlargement with severe
toxic form may be seen in some cases. There is rapid multiplication of
oraganisms with necrosis and death in 4-6 weeks.

D. Cutaneous leishmaniasis

Two kinds of clinical diseases are seen. (1) The first one is
caused by: L.tropica major. Single or multiple skin lesions are seen
with short incubation period. Considerable tissue reaction is seen with
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little parasite in the tissue. Healing occurs within one year. (2) The sec-
ond is caused by L. tropica minor. It causes single lesion. The incuba-
tion period is longer and slower growth of parasite is seen. Less tissue
damage is present and healing takes more than one year.

LABORATORY DIAGNOSIS OF LEISHMANIASIS

¥

DIRECT EVIDENCE INDIRECT EVIDENCE

v v

Demonstation of leishmania of Demonstration of response to
its components parasites : Immune response

/ \A and other parameters

Demonstration of Demonstration /\

organisms of its components

1. Peripheral blood 1. By immunological Blood count Serum
staining: tests: FAT,CIE  leucopenia tests
LD bodies ELISA

2. Blood culture 2. Blot hybridization

NNN medium 3. PCR Non Specific ~ specific
tests tests
3. Biopsy
Bone: spleen: lymph Rise in immunoglobulin G
marrrow node (rarely M) in KA Agglutination test:
notin CL Immobilization lysis
test Indirect
haemagglutination

test Fluorescent
antibody test.

Non specific tests:
(All these depend on extreme hyper Y globulinemia)
1.Distilledwater precipitate test 2. Formal gel test

3. Urea Stilbamate test (Napier test) 4. CFT: Using WKK antigen
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Treatment

Response to therapy depends on the species of Leishmania and
type of disease. Sodium stibogluconate, a pentavalent preparation of
antimony is used.

Prevention

Possible prevention methods include spraying dwellings with re-
sidual insecticides and applying insect repellents to the skin. Fine mesh
netting may also be used. Reservoir control has been unsuccessful in
most areas. Individuals with lesion should be advised to use some type
of covering to protect the lesion from insect bite. Patients should be
educated about the possibility of autoinoculation and infection.

Points to remember

1. Leishmania species are protozoan parasites belonging to the family
Tripanosomatidae and the class Mastigophora. There are many spe-
cies of Leishmania that cause infections in man. Among them
L. donovani causes visceral Leishmaniasis or Kala Azar

2. Inside vertibrate host L. donovani is present as amastigote forms.
Itinfects RES, monocytes, polymorphs and endothelial cells. In sand
fly and culture it is present as promastigote form.

3. L. donovani produces a disease known an Leishmaniasis. Incuba-
tion period varies from 3-6 months. The following clinical manifes-
tations may be seen.

a. Inapparent infection

s

Kala azar

Unusual form of visceral Leishmaniasis

g0

Cutaneous leishmaniasis
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Chapter - 8.14

TRYPANOSOMES
Introduction

Since very early times, protozoan blood and tissue parasites,
were responsible for many of the most savage diseases of man-
kind. They have crumbled civilizations, humbled armies, drained
the energies of tropical people, prevented man to use vast areas of
fertile agricultural lands and caused untold human misery. Two
most important groups of these protozoa are the haemoflagellates and
sporozoa.

Fig. 8.14-1. Life cycle of T. brucei gambiens and T. brucei rhodesiense

African Trypanosomes

Trypanosomes are microscopic flagellate protozoan that infect
the blood and other body fluids of humans. There are two closely re-
lated morphologically identical species of “human” trypanosomes,

171

Trypanosoma brucei gambiense and Trypanosoma brucei
rhodesiense. Both are transmitted by several species of blood sucking
fly found only in tropical Africa, of the genus Glossina, known as
tsetse fly.

Trypanosoma brucei gambiense

This species causes West African sleeping sickness or Gambian
sleeping sickness.

Geographical distribution

T. brucei gambiense is present in west and central Africa. Within
this geographical location, it is restricted to forests bordering rivers and
lakes around which Glossina palpalis lives.

Life cycle and transmission

Man is the only known natural host for T brucei gambiense.
The transmission cycle begins with the tsetse fly sucking the blood of a
human infected with the parasite. Within the gut of the fly, the trypano-
somes elongate and multiply by asexual division. These slender forms
penetrate the gut wall, enter the body cavity, and migrate to the salivary
glands. In the salivary glands, they undergo further transformation, fi-
nally becoming short, stumpy forms known as metacyclic trypanosomes.
The metacyclic trypanosomes infect the new human host when intro-
duced by the bite of the tsetse fly. The cycle in the fly takes about 15 to
30 days. The length of the time is dependent upon temperature, humid-
ity, and age of the fly.
Clinical features

The Gambian sleeping sickness is chronic and malignant. After
some years it gives rise to torpor and coma. This is classic sleeping
sickness. Untreated patients almost always die of the infection.

During early stages Trypanosomes are present in the blood in
low numbers. In this phase there is intermittent fever. Later, the para-
sites tend to disappear from blood and enter the lymphatics of the neck
region. The cervical lymph nodes become enlarged. Still later, the
organisms migrate to central nervous system and at this stage they are
present in cerebrospinal fluid. At this stage neurological symptoms
occur.
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Laboratory diagnosis

1. A rapid check for the presence of trypanosomes is made by
examining a wet blood film

2. A thick and thin blood smears should be made and stained by
Giemsa’s stain for the trypanosomes

3. A small amount of blood is inoculated intraperitoneally into
mice or rats. The animal blood is examined for the trypano-
somes after 7 days. T. brucei gambiense produces low grade
infection where as T. brucei rhodesiense follows a fulminating
course and kills the animal.

4. 1In low grade parasitemia blood may be concentrated by
centrifugation and examined.

5. Inlate stages CSF may be examined for trypanosomes by wet
film examination and staining.

Serological and other tests

Indirect haemagglutination test and indirect fluorescent antibody
test have been used for the diagnosis.

There is a marked, more than ten times elevation of serum IgM.

Trypanosoma brucei rhodesiense

T. brucei rhodesiense is endemic in east and central Africa and
prevalent in the Savanna woodlands. Gambian trypanosomiasis is re-
stricted to humans but Rhodesian trypanosomiasis is a zoonosis with
the wild antelope of the Savanna acting as reservoir host.

Life cycle and transmission

Lifecycle and transmission is the same as that for 7. brucei
gambiense.

Clinical features

Gambian trypanosomiasis is a slow death for the infected hu-
man. On the other hand, T. brucei rhodesiense kills its untreated vic-
tim in weeks or months. It produces a fulminating parasitemia and rap-
idly invades the central nervous system.
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Parasitologic diagnosis

T: brucei rhodesiense 1s usually present in microscopically de-
tectable amounts at all stages of infection except very early stage.
Diagnosis can be made by wet or stained thick blood film examination.

IgM is elevated during the later stages of infection.

Treatment and prevention:

Suramin is the drug of choice for treating the early blood or lym-
phatic stage of the disease. Alternatives for treating the early stage are
pentamidine isothionate and DFMO (deflornithine, DL-o-
difluoromethylornithine). Melarsoprol is the drug of choice when CNS
involvement is suspected.

The most effective control measures include an integrated ap-
proach to reduction of the human reservoir of infection and the use of
insecticide and fly traps. Persons visiting areas where the infection is
endemic should wear protective clothing (long sleeved shirts and long
trousers). Other measures include reduction in vegetation around hu-
man settlements and the use of insect repellents, bed netting and screens.

Trypanosoma cruzi

Trypanosoma cruzi causes American trypanosomiasis or oth-
erwise called Chagas’ disease which is a zoonosis. Patients can present
with either acute or chronic disease. A large number of patients with
positive serologic tests can remain asymptomatic.

Morphology

The trypomastigote is spindle-shaped, approximately 20 um
long and characteristically assumes a C or U shape in stained blood
film. Trypomastigotes occur in the blood in two forms, a long slender
form and short stubby one. The nucleus is situated in the center of the
body, and a large, oval kinetoplast is located at the posterior end. A
flagellum arises from the basal body and extends along the outer edge
of undulating membrane until it reaches the anterior end of the body,
where it projects as a free flagellum. When the trypomastigotes are
stained with Giemsa stain, the cytoplasm stains blue and the nucleus,
kinetoplast and flagellum stain red or violet.
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The amastigote, 2 to 6 um in diameter, is indistinguishable from
those found in leishmanial infections. It contains a large nucleus and
rod-shaped kinetoplast that stain red or violet with Giemsa stain and
the cytoplasm stains blue.

Life cycle

Trypomastigotes are ingested by the reduviid bug (triatomids,
kissing bugs) as it takes a blood meal. The trypomastigotes transform
into epimastigotes and multiply in the posterior portion of the midgut.
After 8-10 days, metacyclic trypomastigotes are passed in the faeces.
Humans contract Chagas’ disease when the reduviid bug defecates while
taking a blood meal and metacyclic trypomastigotes in the faeces are
rubbed or scratched into the bite wound or onto mucosal surfaces. In
human, 7. cruzei can be found in two forms, amastigotes and
trypomastigotes. The trypomastigote is the stage present in the blood,
which infects host cell. The amastigote form multiplies within the cell,
eventually destroying the cell and both amastigotes and trypomastigotes
are released into the blood.

Clinical aspects of Chagas’ disease

The severity of infection depends upon the virulence of the strain
of T. cruzi and host factor such as age and the ability to mount an
immune defense. During the first six months of infection the clinical mani-
festation is severe and is referred to an acute phase. The patient suffers
from fever, enlargement of the lymphatic glands, liver, and spleen, and
damage to the heart. Children are particularly susceptible.

The acute phase leads to chronic infection in which enlargement
of heart is seen. There is mechanical damage to the heart muscle cells.
Progressive destruction leads to heart failure and death. Because of the
destruction of the neurons of the nervous system supplying the intestinal
tract, mega colon develops.

Epidemiology

Chagas’ disease is a zoonosis occurring throughout the Ameri-
can continent, including Central and South American continent.
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Laboratory diagnosis

1. A rapid check for the presence of trypomastigotes is made by
examining a wet blood film.

2. A thick and thin blood smears should be made and stained by
Giemsa’s stain for 7. cruzi.

3. A small amount of blood is inoculated intraperitoneally into
Guinea pigs. The animal blood is examined for the
trypomastigotes after 7 days.

4. Xenodiagnosis: By allowing a laboratory-bred parasite free
reduviid bug to feed on an individual suspected to be
suffering from Chagas disease and two weeks later examining
the intestinal contents for the presence of the parasite.

5. In late stages CSF may be examined for trypomastigotes by
wet film examination and staining.

6. Biopsy of an involved lymph node or muscle (calf or deltoid)
may reveal the presence of amastigote forms of 7. cruzi.

Serologic diagnosis

Complement fixation, indirect fluorescent antibody and indirect
hemagglutination tests are routinely used for the diagnosis of chronic
Chagas disease.

Treatment and prevention

Nifurtimox (Lampit) and benznidazole (radamil) reduce the se-
verity of acute Chagas’ disease. Allopurinol is effective in treating
Chagas’ disease. Chagas disease is controlled through

(1) insecticides to eliminate the reduviid vector.
(2) construction of reduviid —proof dwellings

(3) and education.
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Points to remember

1.

Trypanosomes are microscopic flagellate protozoan that infects
the blood and other body fluids of humans. There are two
closely related morphologically identical species of “human” trypano
somes, Trypanosoma brucei gambiense and
Trypanosoma brucei rhodesiense. Both are transmitted by
several species of blood sucking fly found only in tropical Africa, of
the genus Glossina, known as tsetse fly.

The Gambian sleeping sickness is chronic and malignant.
Gambian trypanosomiasis is restricted to humans but Rhodesian
trypanosomiasis is a zoonosis with the wild antelope of the
Savanna acting as reservoir host. 7. brucei rhodesiense Kkills its
untreated victim in weeks or months. It produces a fulminating
parasitemia and rapidly invades the central nervous system.

Trypanosoma cruzi causes American trypanosomiasis or otherwise
called Chagas’ disease which is a zoonosis. Patients can present
with either acute or chronic disease.
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Chapter - 8.15
Parasitic helminthes
Fasciola hepatica

Introduction

The parasitic worms, or helminthes, which occur in humans com-
prise 4 major groups. They are

1. flatworms (phylum Platyhelminthes), the trematodes or
digeneans (flukes)

cestodes (tapeworms),
3. the nematodes (or roundworms; phylum Nematoda) and

the acanthocephalans (or thorny-headed worms; phylum
Acanthocephala).

A direct life cycle is one in which the final host is reinfected di-
rectly without the involvement of intermediate hosts. An indirect life
cycle is one in which intermediate hosts or paratenic hosts harbour one
or more life history stages. The final or definitive host harbours the adult
(sexual adult in the case of the Digenea). Intermediate hosts are those
in which one or more larval stages develop as a necessary part of the
life cycle. A paratenic host is one in which larval stages may survive but
do not normally develop; they are often not a necessary part of the life
cycle.

Phylum Platyhelminthes (Trematodes and Cestodes)

The platyhelminths or flatworms are bilaterally symmetrical, dor-
soventrally flattened worms with a definite head end and lacking a body
cavity. They include a variety of free-living turbellarians, which occur in
aquatic and terrestrial conditions (a small number are parasitic), and
a number of entirely parasitic groups. These comprise 3 classes: the
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Monogenea (mainly ectoparasites of fishes); the Cestoidea (tapeworms;
endoparasites); and the Trematoda (endoparasitic flukes; mainly
digeneans). Only the latter 2 classes infect humans.

Trematodes (flukes) (Phylum- Platyhelminthes, Class: Trematoda)
are non segmented, flat worms, usually leaflike, with one or more suck-
ers by which they attach to their host tissues (the oral suckers sur-
rounding the mouth). They vary in size from a few millimeter to large
fleshy species such as Fasciola. Their bodies are covered by a cuticle
without epidermis or external cilia. The digestive tract consists of a
mouth, pharynx and usually a bifurcated intestine. With the exception of
the family Schistosomatidae, they are monecious (both sexes are in the
same individual) and produce operculated eggs.

Class Cestoidea

Main features. Platyhelminthes. Primarily intestinal parasites of
vertebrates. Usually with single generation in life cycle and sexual adult
in vertebrate; rarely with asexual reproduction in intermediate host. Life
cycleis invariably indirect (one exception); wide variety of invertebrates
and vertebrates used as intermediate hosts. Adult is segmented or not;
with duplication of reproductive organs along body (polyzoic) or not
(monozoic); segmented forms polyzoic; and unsegmented forms are
monozoic or polyzoic. Distinct scolex (head) is present or absent. Syn-
cytial tegument is usually but not always unarmed (at light microscope
level) and gut is absent.

The cestodes, or tapeworms, occur as intestinal parasites of all
groups of vertebrates. Their closest relatives are the monogeneans, ec-
toparasitic flukes mainly of fishes, from which they are likely to have
been derived. There are 2 subclasses, the Cestodaria, which are
monozoic forms, lacking a scolex (head) and parasitic in fishes and
turtles, and the Eucestoda, the majority of which are segmented and
polyzoic. Only the latter subclass parasitizes humans.

The trematodes or ‘flukes’ are flatworms which originally
evolved as parasites of molluscs and virtually all species retain a
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molluscan element in the their life history. There are 2 subgroups, the
Digenea and the Aspidogastrea, but only the former occurs in humans
and other mammals.

Characteristics of Trematoda

They are non segmented flat worms and have leaf like appear-
ance. They attach to the host with one or two suckers. They possess
two groups of suckers, the oral suckers which surround the mouth and
ventral suckers. The size of the worms varies from few millimeters to
large fleshy species Fasciloides and Fasciola. Their bodies are covered
with a cuticle without epidermis or external cilia. The digestive system
consists of a mouth, pharynx and bifurcated intestine, with the excep-
tion of family Schistosomidae, they are monecious. Both sexes are
present in the same individuals.

Fasciola hepatica

Sheep, cattle, watercress, and snails are some of the main ele-
ments contributing to the epidemiology of the two closely related
flukes, Fasciola hepatica and Fasciola gigantica. These parasites
inhabit liver and bile ducts. They are the largest trematodes to infect
humans. F. gigantica is amonster fluke, attaining a length of 5 cm and
F. hepatica approximately 3 cm in length.

Geographical distribution

Humans are only accidental hosts of Fasciola hepatica and F.
gigantica. F. hepatica is normally a parasite of sheep and F.
gigantica is a parasite of cattle. The infection is more common in these
domestic animals where they are grazed in boggy meadows near ponds
or in which watercress and other aquatic plants grow. Human infec-
tions with F. hepatica occur in sheep-raising areas.

Life cycle and transmission

The adult fluke lives within the intrahepatic portion of the bile
duct system. They lay unembryonated eggs, which take about 14 days
to mature after they have been passed with the feces into a suitable
water environment. When maturation is complete the operculum opens
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Fig. 8.15-2. Life cycle of Fasciola hepatica

and the miracidium is released. F. hepatica miracidium seeks a suitable
snail host. In the molluscan tissue, it undergoes the typical trematode
asexual reproductive process. The biological phase is completed in about
40 days with the release of the tadpolelike cercariae. The second inter-
mediate host is not a host in the conventional sense since it does not
involve metacercarial development within crab, fish, or other animal
tissues.
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Instead, the Fasciola cercaria attaches itself to an aquatic plant or crawls
onto a blade of grass near the water’s edge. On the plant surface the
cercaria takes on a round shape and secretes a protective cyst wall
around itself. Transformation to the mature, infective metacercaria takes
about 6 months. Transmission occurs when the definitive host (cow,
sheep or human) ingests the infective metacercaria. Humans become
infected when they partake of a watercress- metacercaria salad or in-
gest the parasite when biting away the skin of contaminated water chest
nut. After it has entered the body of the definitive host, the metacer-
carial cyst wall is dissolved in the duodenum. The minute larval fluke
is released and begins its journey by penetrating the intestinal wall to
enter the peritoneal cavity. It wanders about the peritoneal cavity until it
reaches the surface of the liver. It invades the liver and migrates through
the hepatic tissues for about a month until it arrives at bile ducts where
growth into the sexually mature adult takes place. The adult fluke be-
gins to lay his/her eggs (Fasciola is a hermaphrodite), two to three months
from the time it was ingested as a metacercaria.

Fig. 8-15-3. Fasciola hepatica - egg

Clinical findings :

Infection with F. hepatica or F. gigantica is known as Fascio-
liasis. In mild infections Fascioliasis may be asymptomatic. Infection
with large number of flukes can be so severe and may cause death of
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the host. In the early stages hemorrhage and necrosis of the liver tissues
occur due to the migration of the young flukes. At this stage fever, ab-
dominal pain, eosinophilia and diarrhea occur. Once adults are estab-
lished in the bile ducts, these symptoms may disappear but abdominal
pain and attacks of fever and nausea may persist for years. In heavy
infections fluke induced fibrosis of the bile duct may lead to obstructive
jaundice.

Laboratorydiagnosis
Treatment prevention and controlode

For infection with Fasciola species, bithionol and
hexachloroparaxylene are effective. Triclabendazole is found to be highly
effective against adult and immature stages of Fhepatica.

An important preventive measure is to educate the public re-
garding the mode of transmission of the parasite and the dangers of
eating uncooked, contaminated vegetables. Prevention of fecal con-
tamination of waters used for plant growing where infected
sheep and cattle or swine and humans are present is also essential.

Points to remember

1. The platyhelminths or flatworms are bilaterally symmetrical,
dorsoventrally flattened worms with a definite head end and
lacking a body cavity. Trematodes (flukes) (Phylum-
Platyhelminthes, Class: Trematoda) are non segmented, flat
worms, usually leaflike, with one or more suckers by which they
attach to their host tissues (the oral suckers surrounding the
mouth).

2. Sheep, cattle, watercress, and snails are some of the main
elements contributing to the epidemiology of the two closely
related flukes, Fasciola hepatica and Fasciola gigantica.

3. These parasites inhabit liver and bile ducts. Infection with
F. hepatica or F. gigantica is known as Fascioliasis. In heavy
infections fluke induced fibrosis of the bile duct may lead to
obstructive jaundice.

4. Stool specimen is examined for the presence of ova.
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Chapter - 8.16

TAENIA SOLIUM
(Taeniasis, pork tapeworm infection)

Class Cestoidea
Main features of Platyhelminthes.

They are primarily intestinal parasites of vertebrates. Usu-
ally they have single generation in life cycle and sexual adult in
vertebrate; rarely with asexual reproduction in intermediate host.
Life cycle is invariably indirect (one exception); and a wide variety of
invertebrates and vertebrates are used as intermediate hosts. Adult is
segmented or not; has duplication of reproductive organs along body
(polyzoic). Distinct scolex (head) is present or absent. Syncytial tegu-
ment is usually but not always unarmed (at light microscope level). Gut
is absent. Two important species viz. Taenia solium and Taenia
saginata cause taeniasis in human. Infection caused by T.solium is called
pork tape worm infection and by 7 saginata is called beef tape worm
infection.

General features of Tape worms

Tapeworms lead a complex developmental life, and most spe-
cies have one or more intermediate host in which the larval stage(s)
lives. Adult tape worms are gutless flatworms that absorb nutrient di-
rectly through the integument. The tape worm is made up of chain of
segments. The first segment is called the head or scolex. It has special-
ized structures called suckers.

These suckers are in some species armed with hooks to anchor
the worm to the host’s intestinal wall. The scolex is also the germinal
center from which all other segments arise. A tape worm segment is
called a proglottid. Near the neck of the scolex the proglottids are
sexually immature, in the middle of the chain they are sexually functional
mature proglottids and at the end of the chain they are mere sacs of
eggs called gravid proglottids.
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Fig. 8.16-1. Taenia solium

Geographic distribution

Taenia solium infections occur in countries where pigs are raised,
sanitation is poor and pork or pork products are eaten raw or
undercooked. It is endemic throughout latin America, tropical Africa,
South east Asia and in the Indian subcontinent.

Life cycle and transmission

The adult tapeworm, about 10 feet in length, lives in the human
small intestine. Eggs and gravid proglottids are passed with the faeces.
The pig eats food contaminated with human faeces and ingests the eggs.
The oncosphere hatches from the egg and enters the blood system
enroute to the muscles and other tissues where a fully developed cys-
ticercus matures in two or three months. The pig may be so heavily
infected that its meat looks as if it was seeded with the translucent
bladders, a condition known as measly pork. When a man eats the
pork and three months later he acquires a complete worm. The worms
can live for up to 25 years.

Clinical manifestations

Most infections cause little discomfort. Majority of the patients
are unaware of the worm within. Some patients complain of abdominal
discomfort, hunger pains, and episodes of diarrhea alternating with pe-
riods of constipation.
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Laboratory diagnosis Fig. 8.16-2. Taenia Solium

Dignosis depends on identifying the eggs or proglottids in the
stool. Recovery of scolex may also be required. Twenty feet worm
may be removed by the drug but if 3-mm head remains alive and at-
tached to the intestinal wall it can in time regenerate an entire new tape-
worm.

Eggs can be concentrated from the stool by both sedimentation
and flotation techniques. If proglottids are found in the stool, species
identification is done by counting ueterine branches.

Indirect hemagglutination test is used as a serodiagnostic test for
Taeniasis.

Cysticercosis

Eggs passed in the faeces if ingested by cattle, pig or man, the
intermediate hosts, the eggs develop into larval (cysticercus) stages.
This disease is termed cysticercosis.

Human to human transmission occurs in the following ways: 1.
Autoinfection of humans can occur with 7. solium eggs transmitted
directly from anus to mouth. 2. Transmission can occur between
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individuals through contaminated hands or food. 3. Internal autoinfec-
tion whereby gravid proglottids enter the stomach via vomiting or re-
verse peristalsis can also occur. 4. Humans most commonly become
infected like pigs through the ingestion of 7. solium eggs contaminating
the environment viz drinking water contaminated with inadequately
treated sewage or eating vegetables fertilized with raw sewage.

T solium cysticerci develop in muscle tissues and show few symp-
toms. The cysts can occur in the eye. Most commonly the cysts are
present in vitreous humor and subretina and the inflammatory response
can lead to retinal detachment and blindness. Myocardial cysticercosis
frequently occurs in massive infections. Involvement of central nervous
system can cause serious clinical disease resulting from either an in-
flammatory response or an obstruction.

Treatment

Niclosamide and praziquantel are effective for human taeniasis.
Praziquantel has the advantage in that it effectively removes the scolex
and causes destruction of strobila with out release of gravid proglot-
tids. Itis also effective in human cysticercosis

Control

Eradication may be achieved in beef and pork through manda-
tory and improved surveillance procedures at slaughter. Eradication is
attempted in humans through screening and drug therapy. Ultimately,
by improvements in sanitary and economic conditions and in public
health education the disease can be controlled.

Points to remember

1. Taenia solium is a cestode parasite which causes taeniasis and
cysticercosis in human. Humans act both as definitive and
intermediate host for this parasite.

2. Adult worm causes taeniasis when it lives in the intestine. Larval
stage causes cysticercosis where cysticerci can be present in
muscles, heart, and CNS.

3. Niclosamide and praziquantel are used for treatment.

4. Improvements in sanitary and economic conditions and public
health education are necessary for effective control of the disease.
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Chapter - 8.17

CANDIDA ALBICANS

The genus Candida is yeast like fungi. The yeasts are spherical,
oval or elongated and reproduce by budding. The buds usually sepa-
rate from the mother, but sometimes some buds remain attached. In
such cases, when the cells are elongated, the terminal bud becomes
longest and the yeast cells appear elongated. This form is called a
Pseudomycelium. The yeasts which produce pseudomycelium are
usually called Yeast like fungi. There are several species in nature and
they cause many diseases in man, but 90% of the infections are caused
by Candida albicans.

Candida albicans is normally present in the mouth, intestine and
vagina. When the immunological conditions and defense mechanisms
are compromised, it causes infections in the sites it is present and also
else where in the body.

Candida albicans is thin walled, non-capsulated, oval yeast
with or without bud which produces pseudomycelium in the body and
in the culture when the aeration is poor. In nutritionally poor media, at
temperatures below 26° C it produces thick walled chlamydospores,
and it also produces curved elongated germ tube when transferred to
mammalian serum from a peptone containing medium at 37°C . The
yeast cell and the pseudo mycelium are stained by Gram’s method (Gram
positive).

Candida albicans grows well on Sabouraud’s medium and on
Blood agar. Its growth characteristics in other media, assimilation pat-
tern, fermentation of carbohydrates and failure to split urea are some
of the characters to differentiate from other Candida species.
Candida albicans is not sensitive to antibacterial antibiotics.
Candida albicans 1s pathogenic for rabbits, guinea pigs, and mice.
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Fig. 8.17-1 Pseudomycelia

Fig. 8.17-2 Yeast cells

PATHOGENESIS

Candida albicans causes infection when the defense mecha-
nisms and the immunological conditions of the body are suppressed.
So the infection by Candida albicans is also known as opportunistic
infection. Candia is present in the healthy and moist areas of the skin.
Infections of the mucus membrane are known as thrush. The infections
may be of different types. When it causes infection in the vagina, itis
called vaginitis or vaginal thrush. Pregnant women are affected more.
There is whitish discharge with the pH below 5.2. If observed under
microscope some pus cells and many yeast cells with pseudomycelia
can be seen.

Clinical Manifestations:
Cutaneous and Mucosal Candidiasis:
The superficial candidiasis is seen in the normal persons. AIDS,

pregnancy, diabetes, young and old age, birth control pills and trauma
are the risk factors associated with candidiasis.

Oral thrush occurs on the tongue, lips, gums or palate. Itis a
white patch with epithelial cells, yeast and pseudo hyphae. Oral thrush
develops in most of the AIDS patients.

Candida invades the mucosa of the vagina and causes vulvo
vaginitis which is characterized by irritation, pruritis and vaginal
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discharge. This alters the microbial flora, local acidity or secre-
tions.

Candida invades the skin and causes infection in the moist, warm
parts of the body such as the axillae, groin and intergluteal folds. The
infected area becomes red and moist and may develop deep vesicles.
Interdigital involvement is most common in home makers, cooks, veg-
etable and fish handlers. It also causes infection of the nails and around
the nail plates and is called onychomycosis, a painful, erythematous
swelling of the nail fold.

Systemic Candidiasis:

In normal persons if candidemia occurs, normal host defences
eliminate candida. But candida invades blood stream in persons after
surgery, intravenous drug abuse and in indwelling catheter patients. Sys-
temic candidiasis is associated with chronic administration of corticos-
teroids or other immunosuppressive drugs. Candida causes endocarditis
and also kidney infections, whereas urinary tract infections are often
associated with catheters, diabetes, pregnancy and antibacterial antibi-
otics. In cellular immuno deficiency persons, candida causes chronic
mucocutaneous infection from early childhood. There is no specific site
for candida infection in the body.

LABORATORY DIAGNOSIS

Swabs are used to collect the specimen from the infected areas.
Exudates, sputum and faeces are also collected. Candida may be dem-
onstrated in wet preparations. Smears are made and Gram stained and
observed under microscope.

Culture: The specimens are inoculated onto Sabouraud’s me-
dium or on Blood agar. Candida albicans is differentiated from other
Candida species by the colony morphology and Germ tube test. The
production of pseudomycelium separates Candida from other genera
and the assimilation of sugars differentiates it from other species of
Candida. The interpretation of the results depends on the comparison
of the number of organisms. A small number of yeasts in a single speci-
men of vaginal discharge cannot be considered.
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Serological tests have no significance. Patients with chronic Can-
dida infections and healthy members may have similar level of antibod-
ies in the serum.

TREATMENT AND PREVENTION:

As the Candida species cause opportunistic infections, the un-
derlying cause for the infections must be identified. If the underlying
conditions are like poor hygiene or diabetes, they can be corrected and
the body takes care of candida. Polyene anti fungal agents or nystatin
can be applied locally. For systemic infections Amphotericin-B with 5-
Flurocytosine or with Clotrimatazole can be given.

Since this is an endogenous infection, it cannot be prevented by
immunization but the frequency can be made less by good medical prac-
tice and avoiding long term use of antibacterial antibiotics and immuno-
suppressive drugs. Cross infections can be controlled by avoiding con-
tacts with infected persons and infected dusts.

Points to remember:

1. Candida is yeast like fungus which produces pseudomycelium.
There are several species in nature and they cause many diseases
in man. The important species is C. albicans.

2. Candida albicans causes infection when the defense mechanism
and the immunological conditions of the body are suppressed.

3. Vaginitis, oral thrush, skin and pulmonary infections are some of
the infections caused by C. albicans.

4. Candida infections are diagnosed by Gram stain of the direct
smears and by culture on Sabouraud’s agar and biochemical
identification.

192



Chapter - 8.18
CRYPTOCOCCUS NEOFORMANS

The genus Cryptococcus of yeasts produces no pseudomycellium
and differs from Candida in this aspect. There is only one pathogenic
species which is known as Cryptococcus neoformans. It is a spheri-
cal yeast with a capsule of various thickness. It reproduces by budding.
The cell measures from 5-20 pm in diameter and the capsule can be
well seen in wet, India ink preparations. It is stained by grams method
[Gram positive].

Fig. 8.18-1 Cyptococcus neoformans

Crytpcoccus neoformans causes cryptococcosis which is a dis-
ease of the CNS, although the primary site of infection is the lungs. The
disease occurs throughout the world but it is now seen most often in
AIDS patients.

Clinical Manifestations

Meningitis is the main form of the disease but initially it causes
infection in lungs.
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Pathogenesis

The organism enters into the body through inhalation and reaches
deep into the lung. The disease is more common in men than women. A
mild pulmonary infection is the commonest form of cryptococcosis.
There are no clear diagnositic features in symptomatic pulmonary in-
fection. Lesions are formed, some may heal and some may become
enlarged and encapsulated. An acute pneumonic type of disease has
also been described.

Meningeal form of cryptococcosis may occur in healthy indi-
viduals also but it occurs in patients with abnormalities of the lympho-
cyte function. Around 3 — 20 % of individuals with AIDS develop
cryptococcosis. Initially chronic meningitis or meningoencephalitis de-
velops, with headache and low grade fever followed by changes in
mental state, anorexia, visual disturbances and finally coma. The dis-
ease may last from a few months to several years and is fatal always
unless treated. It produces chronic meningeal form in AIDS patients.
Even though a disease of the CNS, it produces lesions on the skin,
mucosa, viscera and bones. Sometimes it resembles tuberculosis and
rarely it produces lesions on the skin and bones without any evidence
of the infection.

Crytpcoccus neoformans causes cryptococcosis which is a disease
of the CNS.

Laboratory Diagnosis

Direct Microscopy and staining: CSF can be used for direct ex-
amination. In AIDS patients the yeast cells are more in number. The
yeast cells of C. neoformans are round, 4 — 10 um in diameter and are
surrounded by a mucopolysaccharide capsule. CSF is mixed with a
drop of India ink or nigrosine and observed under the microscope. The
capsule can be seen as a clear halo around the yeast cells.

Sputum, pus or brain tissues should be digested in potassium
hydroxide before examination. For the examination of tissue sections,
special fungal stains like PAS can be used. Alcian blue and musicarmine
stain the capsular material and is useful to differentiate C. neoformans
from other capsulated organisms.
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Culture

The yeast cell is cultured on Sabouraud’s agar at 25 —30° and
37°C. Colonies appear in 2 — 3 days but culture should be kept for 3
weeks. In culture, C. neoformans appear as creamy white to yellow
brown colonies and some are mucoid with well developed capsules
and some may be dry which lack prominent capsules. Buds appear at
any point on the cell surface but mycelium or pseudomycelium are not
produced. Direct demonstration of capsulated yeast cells in CSF is the
preliminary identification. It is confirmed by its ability to produce the
enzyme urease.

Antigen detection

Latex agglutination test is used for the detection of capsular
polysaccharide antigen in CSF or blood. This test is highly specific and
sensitive for the detection of cryptococcal meningitis and gives better
results than microscopy and culture. In AIDS patients over 90 % shows
positive by this test. ELISA can also be used for the detection of anti-
gen.

Antibody detection

A whole cell agglutination test for serum antibody is in less than
50% of the proven cases of Cryptococcal meningitis. This is because
the antibodies are neutralized by antigen released during infection. An-
tibodies may reappear after treatment in the normal persons but not in
the AIDS patients.

Treatment

Immunocompetent persons are treated with oral fluconazole or
itraconazole. For immunocompromised persons amphotericin B in com-
bination with flucytosine is given intravenously. AIDS patients usually
relapse after the initial course of therapy and may react badly to the
drugs.

Control

Individuals at risk of developing cryptococcosis should avoid
contact with birds.
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Points to remember

1.

The yeast cells of C. neoformans are round, 4 — 10 um in
diameter and are surrounded by a mucopolysaccharide
capsule.

Crytpcoccus neoformans causes cryptococcosis which is a
disease of the CNS. Meningitis is the main form of the
disease but initially it causes infection in lungs.

It produces chronic meningeal form in AIDS patients. Even
though a disease of the CNS, it produces lesions on the skin,
mucosa, viscera and bones.

Latex agglutination test is used for the detection of capsular
polysaccharide antigen in CSF or blood. This test is highly
specific and sensitive for the detection of cryptococcal
meningitis.
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Chapter - 8.19
MYCETOMA

Mycetoma is a chronic suppurative granulomatuos sub-cutane-
ous infection with multiple discharging sinuses. This is otherwise known
as fungal tumour. Usually it occurs in the foot and it is known as Madura
foot. Other parts of the body like hand, neck, shoulder and head are
also affected.

Fig. 8.19-1 Mycetoma

This is caused by two types of organisms. They are, 1. Actinomycotic
agents, 2. Eumycotic agents. The actinomycotic agents are
(a) Nocardia sps. (b) Streptomyces sps. (¢) Actinomyces.
Eumycetoma is caused by true fungi. They are (d) Madurella mycetomi
(e) Madurella greisea (f) Pseudllecheria boydii (g) Acremonium
falciformi (h) Exophiala jeanselmi. There are some other fungi which
also cause mycetoma infrequently (i) Curvularia lunata
(j) Curvularia geniculata (k) Penicillium mycetogenum
() Fusarium solani
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PATHOGENESIS:

The fungi are inhabitants of soil and vegetation. The causative
agent enters through minor trauma. The disease usually begins as a
small subcutaneous swelling of the foot, which enlarges, burrowing into
the deeper tissues. It opens out through multiple sinuses discharging
fluid with granules. The granules are micro colonies of the organism.
The colour and consistency of the granules vary with the different agents.

S. No | Eumycetes Actinomycetes
1 The hyphae size ranges The filaments size range
from 2-10 um from 1-2 um

2 The cell wall contains The cell wall contains
chitin, glucan and mannan | peptidoglycan

3 There is definite nucleus Only nuclear area
The cytoplasm contains
mitochondria and
endoplasmic reticulum Not present
5 Usually reproductionby [ By binary fission
spore formation and fragmentation
6 Eumycetoma is caused Actinomycetoma is caused
by higher fungi by higher bacteria
7 Antibiotics are not very | Antibacterial antibiotics

successful. Amputation is | are useful for treatment.
done sometimes

LABORATORY DIAGNOSIS

SELECTION OF SPECIMEN
1. Pusiscollected with granules
2. Swabs from deeper parts of the infection

3. The scrapings of the deeper parts [superficial parts may be
contaminated with bacteria]

4.  Biopsy material
5. Dressings which contain drained pus.
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TRANSPORT

Specimen should be placed in a sterile container, promptly trans-
ported to the laboratory to avoid contamination. The granules should
be washed with sterile saline repeatedly to remove the bacteria.

Colour, size, consistency, microscopical appearance of granules
should be noted.

DIRECT EXAMINATION:

Granules are crushed and examined in saline and KOH.
STAINING:

Gram stain: The granules are crushed, fixed and Gram stained.
The filaments are Gram positive. From the size of the filament it is known
whether it is Eumycotic or Actinomycotic granules.

MORPHOLOGY OF EUMYCOTIC GRANULES:

Madurella mycetomatis: The granules are black in colour. They
are made up of filaments which are found in cement like substances.
They are uniformly pigmented.

Madurella greisea:

The granules are black and are pigmented only at the periphery
and the centre is hallow with pale hyphae. Cement is present only in
ring.

Pseudo allacheria boydii:

The granules are white or yellow in colour. The hyphae are broad

septate seen at the periphery, they have club shaped ends.

Acremonium falciforme the granules are white or yellow, soft
with hyaline hyphae. No cement substance is seen.

Exophiala jeanselmi the granules are black or dark brown in
colour. They are elongated and soft. They look like worm cyst.
ACTINOMYCOTIC GRANULES:

White or yellow or pink granules are produced by them.

For isolation SDA medium with or with out antibiotics is used. The
plates are incubated at room temperature and 37°C.
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Biochemical test are used mainly for Nocardia and Streptomyces spe-
cies.

Animal pathogenicity is done for Nocardia species for which swiss
mice are used.

CULTURES:

Samples should also be cultured at 25-30°C and 37°C, on Brain
heart infusion agar or blood agar for Actinomycetes and on Sabouraud’s
agar for Eumycotic agents. The fungi that cause eumycetoma are all
septate moulds. They appear in culture with in 1to 4 weeks. Serologi-
cal precipitin tests are used to differentiate between eumycetoma and
actionomycetoma and also to identify the specific organisms. But they
are of little value for diagnosis in routine use.

TERATMENT:

Eumycetoma does not respond to chemotherapy and radical
surgery is usually necessary. For the cutaneous form treatment with
potassium iodide is satisfactory . In disseminated disease intravenous
amphotericin B is required.

EPIDEMIOLOGY AND CONTROL.:

Organisms producing mycetoma occur in soil and on vegetation.
Barefoot farm labourers are most exposed. Proper cleaning of wounds
and wearing shoes are reasonable control measures.

Points to Remember

1. Mycetoma is a chronic, suppurative sub cutaneous fungal
infection. Two types of the organisms cause the infection, they are
actinomycotic agents and eumycotic agents.

2. Different types of granules are seen in the mycetoma. They are
collected, cleaned, washed and crushed for diagnostic purposes.
When stained with Gram’s staining, they become Gram positive.

3. Eumycotic mycetoma does not respond to chemotherapy.
Mycetoma producing organisms occur in soil and on vegetation.

5. Wearing of shoes while doing gardening is a reasonable control
measure.
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Chapter - 8.20
HERPES VIRUSES

The herpes viruses, a large family infecting many animal species,
including humans, share a number of features, like structure, mode of
replication, capacity to establish lifelong latent infection and re-activa-
tion.

At present there are eight human herpes viruses have been shown
to be common in all populations. Studies with the eighth are awaited.

1. Herpes Simplex virus 1 HSV -1
2. Herpes Simplex virus 2 HSV -2
3. Varizella— Zoster virus \VAY

4. Epstein — Barr virus EBV

5. Cytomegalo virus CMV

6. Human Herpes virus 6 HHV -6
7. Human Herpes virus 7 HHV -7
8. Human Herpes virus 8 HHV -8

STRUCTURE:

The Herpes virus is icosahedral, composed of 162 hallow hex-
agonal and pentagonal capsomeres. The core of double stranded DNA,
in the form of a toroid is found in all herpes viruses and is surrounded
by the icosahedral capsid. The nucleocapsid is surrounded by a lipid
envelope derived from the infected cell’s nuclear membrane. Viral gly-
coprotein spikes measuring 8nm in length are present on the surface of
the envelope. An amorphous structure, containing several proteins found
between the envelope and capsid is designated the tegument. The en-
veloped virion measures 120-200 nm; and the naked virion, measures
100nm.
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CLASSIFICATION:

Classification of the numerous members of the herpes viridae is
complicated.

1.  Alpha herpes viruses:

They are growing fast with a relatively short replicating cycle (12-
18 hours) and are Cytolytic with a variable host range. They tend to
establish latent infection in sensory nerve ganglia. Eg. HSV 1 & 2, VZV.

2. Beta herpes viruses:

They are slow growing viruses with a long replicating cycle (more
than 24 hours) and have a narrow host range. They tend to produce
enlargement of infected cells (cytomegaly) and cause latent infection of
salivary glands and kidneys. Eg. EBV & HHV 8.

HERPES VIRUS REPLICATION:

Herpes viruses multiply inside the nucleus of the infected cells.
The series of events are described as follows. The glycoprotein spikes
attach to the specific receptors present on the surface of the host cell.
After attachment, the viral envelope fuses with the cell membrane. The
nucleocapsid is transported through the cytoplasm to the nucleus.
Uncoating occurs and the DNA becomes associated with the nucleus.
Replication of viral DNA takes place within the nucleus. The viral capsid
proteins are synthesized in the host cell cytoplasm, later migrate from
the cytoplasm to the nucleus, where capsid assembly occurs and a new
viral DNA is inserted and located in the inner shell. Viral glycoprotein
spikes are processed in the golgi complex and incorporated into the
inner layer of nuclear membrane from which the viral envelope is ac-
quired. Mature viral particles are transported to the cell surface by mem-
branous vacuoles and released. The length of replication cycle varies
from 18-72 hours depending on the virus type. Cells productively in-
fected with herpes viruses generally do not survive.

HERSPES SIMPLEX VIRUS

Herpes Simplex viruses are extremely widespread and are highly
cytolytic. The Herpes Simplex viruses are responsible for a spectrum
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of diseases ranging from gingevostomatitis to keratoconjuctivits, en-
cephalitis, genital diseases and infections of new born. They establish
latent infections in trigeminal and sacral nerve ganglia, and recurrences
are common.

TYPES:

There are two types of HSV namely HSV 1 (HHV type 1) and
HSV 2 (HHV type 2). The two viruses cross react serologically. They
differ in their mode of transmission. HSV 1 spreads by direct contact,
usually involving infected saliva or droplet spread from cases or carri-
ers. HSV 2 is transmitted sexually or from a maternal genital infection
to new born. This results in different clinical features of human infection.

PATHOGENESIS:

Primary infection is usually acquired in early childhood between
2-5 years of age. Primary HSV infections are usually mild; infact most
of them are asymptomatic. HSV is transmitted by the contact of a sus-
ceptible person with an individual excreting virus. The virus enters mu-
cosal surfaces or broken skin, multiplies locally with cell to cell spread.
Then it invades local nerve endings and is transported to the dorsal root
ganglia. After further replication in the ganglia, latency is established.
Antibodies may not prevent recurrences but can reduce the severity of
the clinical disease.Cell mediated immunity is more important in resis-
tance and recovery from HSV infections. HSV diseases are more fre-
quent and severe in AIDS patients. Generally HSV 1 produces ‘above
the waist” and HSV 2 ‘below the waist’ lesions but the rule is not abso-
lute. HSV 2 infection confers some protection against HSV 1 but not
vice versa.

Latent infection:

Following asymptomatic/symptomatic primary infection, virus
resides in latently infected ganglia in a non-replicating state for the life of
the host. Proper provocative stimuli like fever, stress, and exposure to
UV and axonal injury can reactivate the virus from the latent state; the
virus is transported back to the peripheral site and replication proceeds
at the skin or mucous membranes.
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Clinical Manifestation:

Oropharyngeal diseases:

Primary HSV -1 infections are usually asymptomatic. Symptom-
atic infection is common in children (1-5 years) and involves the buccal
and gingival mucosa of the mouth. Symptoms include fever, sore throat,
vesicular and ulcerative lesions, edema, gingivostomatitis and gingivitis.

In adults, HSV1 causes pharyngitis and tonsillitis. Recurrent dis-
ease s characterized by a cluster of vesicles most commonly localized
at the border of the lips.

Skin and cutaneous infections:

Traumatic herpes: Localized lesions caused by HSV — 1 or
HSV -2 may occur in aberrations that become contaminated with the
virus.

Herpatic whitlow: An occupational disease seen on fingers of
dentists and hospital personnel.

Herpes gladiatorum: In this condition lesions are seen on the
bodies of wrestlers.

Eczema herpetieum is a primary infection, usually with HSV —1
in a person with chronic eczema. Crops of vesicles appear on the
affected area with widespread ulceration. In rare instances the illness
may be fatal.

Fever blister or herpes febrilis is due to viral reactivation in fever
patients.

Eye infection: HSV infection is the most common cause of cor-
neal blindness in some developed countries.

Acute keratoconjuntivitis is a primary infection with HSV -1 in
the eye. In Follicular conjunctivitis vesicle formation is seen in the lids.

Keratitis: Recurrent lesions of the eye are common and appear
as dentritic keratitis or corneal ulcers or as vesicles on the eye lids.

Blindness: Recurrent keratitis with progressive involvement of
the corneal stroma may lead to permanent opacification and
blindness.
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Encephalitis: HSV — 1 encephalitis is considered as the most
common acute encephalitis in most parts of the world. HSV can cause
sacral autonomic dysfunction, Guillain-Barre syndrome and Bell’s palsy.

Genital herpes: Genital disease is more frequently caused by
HSV -2, although HSV -1 can also cause genital herpes. Genital her-
pes is characterized by vesiculo-ulcerative lesions of the penis of the
male or of the cervix, vulva, vagina and perineum of the female

LABORATORY DIAGNOSIS:

The diagnosis of the herpes virus infection may be made by mi-
croscopy, antigen or DNA detection, virus isolation, serology.

Microscopy

The Tzanck smear is a rapid, fairly sensitive and inexpensive di-
agnostic method. Smears are prepared from the base of the vesicles
and stained with 1% aqueous toluidine blue for 15 seconds. Multi-
nucleated giant cells, faceated nuclei with ground glass chromatin (Tzanck
cells) are seen in a positive smear.

Intra nuclear type A inclusion bodies may be seen in Giemsa’s
stained smears.

The herpes antigen may be demonstrated in smears or sections
from lesions by the fluorescent antibody technique.

Isolation

Virus isolation remains the definitive diagnostic approach. Virus
may be isolated from herpetic lesions (skin, cornea or brain). It may
also be found in throat washings, CSF and stool both during primary
infection and during asymptomatic periods. Inoculation of tissue cul-
tures is used for viral isolation. The appearance of typical cytopathic
effects in cell culture in 2-3 days suggests the presence of HSV.

Serology

Serological methods are useful in the diagnosis of primary infec-
tion. Antibodies appear in 4-7 days after infection and reach a peak in
2-4 weeks. They can be measured by NT (Neutralization test), CFT
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(Complement fixation test), ELISA, Radio Immuno Assay or Immuno
Fluorescence

CONTROL:

Transmission of HSV can be reduced by alleviating over crowd-
ing, practicing simple hygiene and education regarding the infectious
stages. Sexual transmission may be significantly reduced by the use of
condoms.

Points to remember:
1. There are eight human herpes viruses
2. They are icosahedral double stranded DNA viruses

3. They replicate inside the nucleus and produce intranuclear
inclusion bodies

4. Herpes viruses reside latently in the infected ganglia and get
reactivated following different kinds of stress

5. HSV produces different kinds of clinical illness

206



Chapter - 8.21
HEPATITIS VIRUSES

Introduction:

The term ‘viral hepatitis’ is used to describe infections
caused by a diverse group of viruses. They primarily infect liver.
Six heterogeneous groups of viruses have been recognized, and
named as Hepatitis A, B, C, D, E and G. Acute hepatitis may also
occur in other viral infections, such as CMV, EB virus, HSV, and
yellow fever virus. All these viruses present a similar clinical pic-
ture during the acute phase of the illness. A specific diagnosis can
only be made in the laboratory. Common clinical manifestations
are anorexia, nausea, vomiting, right upper quadrant pain, elevated
liver enzymes and jaundice. The majority of infections are totally as-
ymptomatic. Hepatitis virus type A and E are enterically transmitted.
Hepatitis virus type B, C, D and G parenterally transmitted.

Hepatitis A - “Infectious Hepatitis”

This virus belongs to the family Picornaviridae. This is a small,
non-enveloped icosahedral particle, 27 nm in diameter, containing a
positive sense single stranded RNA genome.

PATHOGENESIS:

Virus enters via the feco-oral route. Replication takes place in the ali-
mentary tract and spreads to infect the liver, where it multiplies in hepa-
tocytes. Incubation period is 3-5 weeks (mean 28 days). Viraemia is
transient. Virus is excreted in the stools for two weeks preceding the
onset of symptoms, milder disease than Hepatitis B; and asymptomatic
infections are very common, especially in children. Adults, especially
pregnant women, may develop more severe disease. Although conva-
lescence may be prolonged, there is no chronic form of the disease.
Fulminant hepatitis is rare (0.1% of cases )
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Fig. 8.21-1 Hepatitis A typical sequence of
events following infection

MODE OF TRANSMISSION:

Large numbers of virus particles are excreted in stools before
the onset of symptoms.

It is transmitted from case-to-case, via faecal-oral route. Out-
breaks in creches are very common. Through contamination of food or
water with sewage and infected food handlers or shell fish grown in
sewage-polluted water the virus may be transmitted.

LABORATORY DIAGNOSIS:

Virus cannot be cultured in vitro from clinical material, and diag-
nosis is made on the presence of HAV-specific IgM in the patient’s
blood.

PREVENTION: Prevention is effected by 1) Passive immunization
by the administration of normal immunoglobulin given to travelers to
third world countries and household contacts of acute cases or by 2)
active immunization with inactivated cell culture-derived vaccine.

Hepatitis E

Recently identified cause of enterically transmitted non-A, non-
B hepatitis. It belongs to “Hepatitis E like virus” (earlier put in calicivirus).
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Itis a spherical, non enveloped, 27-34 nm particles containing a ssSRNA
genome.

PATHOGENESIS:

Similar to hepatitis A; virus replicates in the gut initially, before
invading the liver, and virus is shed in the stool prior to the onset of
symptoms. Viraemia is transient. A large inoculum of virus is needed to
establish infection. Incubation period is 30-40 days. Clinical picture
presents as acute, self limiting hepatitis, no chronic carrier state exists.
Predominantly affects young adults of age 15-40 years.

Complications lead to fulminant hepatitis in pregnant women.
Mortality rate is high (up to 40%).

EPIDEMIOLOGY:

Little is known yet. Large outbreaks have been described in In-
dia, Mexico and North Africa where the source of infection is usually
gross faecal contamination of drinking water supplies. Case-to-case
transmission to household contacts appear to be uncommon. This sug-
gests that a large inoculum is needed to establish infection.

LABORATORY DIAGNOSIS:

No routine laboratory tests are available as yet. Virus cannot
be cultured in vitro.
Diagnosis is mainly done by:

1. Demonstration of Calicivirus-like particles in the stool, by
electron microscopy. 2. Specific [gM in serum. 3. PCR HEV-specific
sequences in stool.

PARENTERALLY TRANSMITTED HEPATITIS -
B,C,Dand G

Hepatitis B

It belongs to the family Hepadnaviridae. Virion measures
around 42 nm in size which contains a circular dSDNA genome. Itis
also known as “Dane particle.”
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Antigens of HBV:

HBsAg - surface antigen
HBcAg - core antigen
HBeAg - secreted protein
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Fig. 8.21-2 Hepatitis B typical sequence of
events following infection

PATHOGENESIS:

Infection is parenterally transmitted. Incubation period ranges from
2 to S months. Primary virus replication takes place in the liver. Virus
particles and viral surface proteins are shed in the blood stream. Pro-
longed viraemia is seen and the patient’s blood is highly infectious. HBV
causes a more severe disease than Hepatitis A. Asymptomatic infec-
tions occur frequently. 5% of infected individuals fail to eliminate the
virus completely and become persistently infected. High risk group in-
cludes babies, young children, immunocompromised patients. HBV
persists in the hepatocytes and on-going liver damage occurs due to
the host immune response against the infected liver cells.

Two types of Chronic infection are seen:

. Chronic Active Hepatitis - There is aggressive destruction of
liver tissue and rapid progression to cirrhosis or liver failure.
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. Chronic persistent Hepatitis - the virus persists, but there is
minimal liver damage.

Patients who become persistently infected are at risk of devel-
oping hepatocellular carcinoma (HCC). Fulminant hepatitis is rare and
accounts for less than 1% of infections.

EPIDEMIOLOGY:

World-wide there are 450 million persistent carriers of hepatitis
B. Carriage rates vary markedly in different areas.

Mode of transmission:

Hepatitis B is parenterally transmitted.

1) Blood:

Through blood transfusions, serum products, sharing of needles,
razors, tattooing, acupuncture, renal dialysis, organ donation.

2) Sexual intercourse

3) Horizontal transmission in children, families, ‘close
personal contact’.

This is the major mode of transmission in South Africa where the
majority of individuals become infected at between three and nine years
of age.

Horizontal transmission also occurs in children’s institutions and
mental homes.

4) Vertical transmission - perinatal transmission from a
carrier mother to her baby.

LABORATORY DOIAGNOSIS:

Serology is based on the detection of viral antigens and antibod-
ies, using RIA, ELISA.

Viral antigens:

1. Surface antigen (HBsAg) is secreted in excess into the blood
as 22 nm spheres and tubules. Its presence in serum indicates
that virus replication is occurring in the liver.
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2 ‘e’ antigen (HBeAg) secreted protein is shed in small amounts
into the blood. Its presence in serum indicates that a high
evel of viral replication is occurring in the liver.

3. coreantigen (HBcAg) core protein is not found in blood

Antibody response:

1)  Surface antibody (anti-HBs) becomes detectable late in
convalescence, and indicates immunity following infection.
It remains detectable for life and is not found in chronic
carriers.

2) e antibody (anti-HBe) becomes detectable as viral
replication falls. It indicates low infectivity in a carrier.

3)  Core IgM rises early in infection and indicates recent
infection
4)  Core IgG rises soon after IgM, and remains present for life

in both chronic carriers as well as those who clear the
infection. Its presence indicates exposure to HBV.

Prevention
1) Active Immunization
Two types of vaccine are available:

Serum derived - prepared from HBsAg purified from the se-
rum of HBV carriers

Recombinant HBsAg - made by genetic engineering in yeasts

Both vaccines are equally safe and effective. The administration
of three doses induces protective levels of antibodies in 95% of vac-
cine recipients. Universal immunization of infants was introduced in April
1995. Infants receive 3 doses at 6, 10 and 14 weeks of age. Vaccine
should be administered to people at high risk of infection with HBV:

1. Health care workers
2. Sexual partners of chronic carriers

3. Infants of HBV carrier mothers.
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2) Passive Antibody
Hepatitis B immune globulin should be administered to non im-

mune individuals following single episode exposure to HB V-infected
blood. For example: needle stick injuries.

Hepatitis C

The major cause of parenterally transmitted non A non B hepati-
tis. It belongs to the family Togaviridae. It has a sSRNA genome and
does not grow in cell culture, but can infect Chimpanzees.

PATHOGENESIS

Incubation period is 6-8 weeks. It causes a milder form of
acute hepatitis than does hepatitis B. But 50% individuals develop
chronic infection, following exposure. Major complications are Chronic
liver disease and Hepatocellular carcinoma. Itis endemic in many coun-
tries and prevalent world-wide.

Transmission of HCV is by blood transfusions, blood products,
organ donation, and by intravenous drug abusers.

The mechanism of community acquired infection is unclear. The
other mode of transmission is through sexual intercourse.

LABORATORY DIAGNOSIS:

1)  Serology: Reliable serological tests have only recently become
available. Detection of HCV-specific IgG indicates exposure,
not infectivity.

2)  PCR detects viral genome in patient’s serum.

Hepatitis D (Delta Agent)

Itis a defective virus which requires Hepatitis B as a helper
virus in order to replicate. Infection therefore only occurs in patients
who are already infected with Hepatitis B. The virus particle 36 nm in
diameter encapsulated with HBsAg, derived from HBV delta antigen is
associated with virus particles sSRNA genome.
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CLINICALFEATURES:

HDV increases the severity of liver disease in Hepatitis B carri-
ers.

Hepatitis G (HGV)

It belongs to the family of Flaviviridae and is distantly related to
HCV. It was originally cloned from the serum of a surgeon with non-A,
non-B, non-C hepatitis, has been called Hepatitis G virus. It was impli-
cated as a cause of parenterally transmitted hepatitis, but is no longer
believed to be a major agent of liver disease.

Points to remember:

1. Six heterogeneous groups of viruses have been recognized, and
named as Hepatitis A, B, C, D, E and G. which are implicated in
viral hepatitis

2. HAV, and HEV are transmitted from case-to-case, via faecal-oral
route. Hepatitis virus type B, C, D and G parenterally transmitted.

3. HAV and HBYV infections can be prevented by active immuniza-
tions
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Chapter - 8.22

HIV
Introduction

HIV, the etiological agent of Acquired immune deficiency syn-
drome (AIDS), belongs to the lentivirinae subfamily of the family
Retroviridae. The subfamily lentivirinae includes the causative agents of
the slow virus diseases Visna/Maedi in sheep and infectious anemias in
goats and horses. Besides HIV, the related animal Immunodeficiency
viruses such as SIV(Simian Immunodeficiency virus), FTLV are also
assigned to this subfamily.

8.25-1 Structure

HIV is a spherical enveloped virus measuring from 90-120nm in
size. The nucleocapsid has an outer icosahedral shell and an inner cone
shaped core. The core encloses two molecules of single-stranded RNAs
and the enzyme reverse transcriptase, an RNA-dependant DNA poly-
merase.

Replication

HIV, in general Retroviruses differ from other RNA viruses in
that they replicate and produce viral RNA from a DNA copy of the
Virion RNA. HIV attaches to the CD4 receptor of T-helper lympho-
cytes by means of its external envelope glycoprotein gp120. Attach-
ment is followed by entry of the virus by fusion of the two membranes,
mediated by gp41. Once the RNA is released, the reverse transcriptase
acts to form the double stranded DNA copy (pro virus). The viral DNA
is transcribed into viral m-RNA and RNA using host RNA polymerase.
Virions are assembled at the cell membrane where envelope and core
proteins are located. When the naked virus budsout through the host
cell surface membrane, it accuires a lipoprotein envelope, which con-
sists of lipid derived from host cell membrane and glycoprotein which
are virus coded. The major virus coded envelope proteins are surface
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glycoprotein spike [gp120] and the transmembrane pedicle glycopro-
tein [gp41]. This type of growth cycle is termed as productive growth
cycle. In the productive cycle the host cell is destroyed. Most often the
double stranded DNA (provirus) is integrated into the host cell chro-
mosome and remains latent. Once inserted into the host DNA, infec-
tion with HIV is permanent.

RNA

Reverse
transcriptase

gp120

Fig. 8.22-1
Structure of HIV

Pathogenesis

The typical course of HIV infection spans about ten years. There
are various stages of HIV infection including primary infection, dis-
semination of virus to lymphoid organs, clinical latency, induction of
HIV expression, clinical disease and death.

The duration between primary infection and progression to clini-
cal disease averages about 10 years. Death usually occurs within 2-5
years after the onset of clinical symptoms.
Clinical manifestations

According to the Center for Disease Control, (USA) the HIV
infection and its sequalae are classified into four groups.

Group I -Acute HIV infection/seroconversion illness.
Group II—Clinical latency/asymptomatic.
Group III - Persistent generalized lymphadenopathy.

Group IV — A — Constitutional disease ; B — Neurologic disease
C — Secondary infectious disease ; D — Secondary cancers
E — Other conditions.
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Acute HIV infection:

This is otherwise called as seroconversion illness. The patient
with HIV infection for 2-6 weeks experience symptoms resembling
glandular fever and adenopathy. Itis recognized in 5-10% of patients.
Recovery occurs within weeks. Initially HIV antibodies are negative
and rise during the course of illness.

Clinical latency:

ANl HIV infected individuals pass through a phase of asymptom-
atic infection otherwise called clinical latency, which extends up to sev-
eral years. Patients are infectious and tests for HIV antibodies are posi-
tive. Viral multiplication takes place throughout the period of clinical
latency. The CD4 T cell count decreases steadily and when the count
falls to 200 or less full blown AIDS develops.

Persistent generalized lymphadenopathy:

The persistence of enlarged lymph nodes in two or more non
contiguous extra inguinal sites for more than three months, in the ab-
sence of any other causes of adenopathy such as lymphomata is called
as persistent generalized lymphadenopathy.

Constitutional diseases:

Patients in this group suffer from a variety of constitutional symp-
toms fever, persistent diarrhea and marked weight loss or with minor
opportunistic infections. The patients are severely ill and present with
generalized lymphadenopathy and splenomegaly. These symptoms are
called as AIDS related complex (ARC) and the patients may progress
to AIDS.

Neurologic disease:

About 90% of HIV patients have neurologic diseases such as
toxoplasmosis, cryptococcosis and lymphoma of the central nervous
system. Distinct neurological syndromes such as subacute
encephalitis,vacuolar myelopathy, aseptic meningitis and dementia com-
plex frequently occurs in patients with AIDS.

Secondary infectious diseases:

The major cause of death among AIDS patients is secondary
infectious diseases caused by opportunistic pathogens. As a result of
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the breakdown of the immune defense mechanisms these opportunistic
infections progress rapidly leading to death.

The common bacterial opportunistic pathogens are:

Bacterial infections: Tuberculosis with M.tuberculosis and
M.avium- intracellulare., Salmonellosis with recurrent septicaemia,
Streptococal infections, Legionellosis.

Fungal infctions: Candidiasis, Cryptococcosis, Pneumocystis
carinii pneumonia, Aspergillosis and Histoplasmosis.

Parasitic infections: Cryptosporiadiasis, Isosporiasis and Toxo-
plasmosis of brain.

Viral infections: CMV retinitis, HSV infection in bronchi lungs
and oesophagus, Kaposis sarcoma due to HHVS.

Sceondary cancers: Most common types of AIDS associated
cancer are non- Hodgkins lymphoma and Kaposi’s sarcoma. Anogenital
cancers, Hodgkin’s lymphoma, Burkit’s lymphoma are the other can-
cer types seen in AIDS patients.

Paediatrics AIDS:

Paediatrics AIDS is acquired from HIV infected mothers. The
infected children develop severe humoral immunodeficiency and suffer
from recurrent bacterial infection, chronic diarrhea, tuberculosis, lym-
phoid interstitial pneumonia and pulmonary lymphoid hyperplasia. How-
ever the children may also suffer from infections seen in older patients.
Immunity:

HIV infection and AIDS are characterized by profound immu-
nosuppression. Antibodies to the envelope glycoproteins and core
proteins(p24) develop with in two months of primary infection. When
the clinical signs and symptoms develop the anti p24 antibody level
declines. In asymptomatic individuals high titres of anti-p24 antibody is
present. During the asymptomatic period the number of CD4 T-cells
decreases leading to the impairment of resistance to infection. The num-
ber of CD8 T- cells, increases as the disease develops.The destruction
of CD4 T-cells occurs by replication of HIV, lysis of infected cells by
cytotoxic T-cells, NK Cells & ADCC [Antibody dependent Cell-me-
diated cytotoxicity.] As a result of the decrease in CD4 T-cells and
increase in CD8 T-cells, immunological changes like decrease in func-
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tion of lymphocytes, macrophages and natural killer cells, decrease in
the production of IL-2, interferon — @ and other lymphokines, polyclonal
activation of B-cells are observed. As the disease progresses, the full
blown AIDS develops. The total lymphocyte count decreases to 2000
cu.mm, CD4 T-cell count decreases to 200 and the CD4:CD8 T-cells
ratio is reversed. In majority of individuals with AIDS, loss of cutane-
ous hypersensitivity is seen.

Laboratory Diagnosis: Diagnosis of HIV infection can be done by
virus isolation., antigen detection, and performing PCR. [Polymerase
Chain Reaction), Serological test & Test for immunodeficiency are done.

Modes of transmission: HIV is transmitted by the following meth-
ods. Sexual contact with infected persons, by blood and blood prod-
ucts, sharing of needles in drug addicts, needle stick injury in health
care workers and from infected mother to baby.

Prevention:

1. The best method of checking sexual transmission of HIV is health
education regarding the danger of promiscuity and other high risk
activities.

2. Persons indulging in high risk sexual practices should be counseled
regarding ‘safer sex’. The use of condoms offers considerable though
not complete protection. The risk of HIV transmission increases
with multiple partners.

3. Screening of blood donors is now mandatory. To eliminate
complete danger in transfusion of blood and blood products p24
antigen screening is done.

4. Any person indulging in high risk practices should be restricted
from donating blood, semen, cornea, bone marrow and other
organs.

5. The use of disposable syringes, needles and other equipments should
be obligatory.

6. Medical and nursing personal should take adequate precaution
against the danger of ‘needle-stick’ injury.

7. To prevent vertical transmission from mother to baby, infected
women should be advised against pregnancy. HIV is rarely
transmitted through breast milk.
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8. Normal social and domestic contact like shaking hands, hugging,
putting cheeks together or dry kissing are safe. There is no
confirmed evidence of transmission through saliva, mosquitoes, bed
bugs, other blood sucking insects, air, food, water or fomites.

Prophylaxis:

No specific vaccine is available. The high mutability, diverse an-
tigenic types and subtypes, long latency and persistence in infected cells
as ‘Provirus’ pose serious problems in the development of vaccines.

Treatment:

Approaches to the treatment of AIDS include, the treatment and
prophylaxis of infections and tumors. Prompt diagnosis and appropri-
ate treatment of opportunistic infections and tumors in the early stage of
AIDS helps the patients to resume normal life between episodes of
illness. General management of the patient requires the understanding
and cooperation of the health staff and relatives at home. Immuno re-
storative therapy such as administration of interleukin-2, thymic fac-
tors, leucocyte transfusion and bone marrow transplantation are not
very helpful. Specific treatment with anti HIV drugs like Zidovudine
(Azidothymidine, AZT), Didanosine, Zalcitabine, Lamivudine,
Saquinavir, Ritonavir, Indinavir are used as monotherapy or in various
combinations.

Points to remember:

1. HIV, the etiological agent of Acquired immune deficiency syndrome
(AIDS), belongs to the lentivirinae subfamily of the family
Retroviridae.

2. There are various stages of HIV infection including primary infec-
tion, dissemination of virus to lymphoid organs, clinical latency,
induction of HIV expression, clinical disease and death.

3. HIV is transmitted by the following methods. Sexual contact with
infected persons, by blood and blood products, sharing of needles
in drug addicts, needle stick injury in health care workers and from
infected mother to baby.

4. Itis essential to follow the preventive measures mentioned.
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Chapter - 8.23

BRUCELLOSIS

The genus Brucella consists of a group of Gram negative bacilli
that are pathogens of animals, mainly domestic animals like goats, cattle,
sheep and pigs. Infection in pregnant animals leads to abortion. In-
volvement of mammary glands leads to the excretion of brucella organ-
ism in milk for months or even years. Human beings get the infection
from milk or milk products.

Brucellosis is a typical zoonotic disease and it spreads from ani-
mal to man but it does not spread from man to man. Fever, chills,
sweating, malaise, weakness and various types of pains occur in man.
Acute brucellosis causes intermittent or undulations of temperatures.
So this fever is also known as undulant fever. But these types of symp-
toms do not occur in all the brucella infections and can be seen only in
some.

Brucellae are Gram negative bacilli and are so short that they
appear like cocci [coccobacilli]. They are non-motile, non-capsulated
and non-sporing. They are aerobes and grow well in the presence of
5-10% carbon-di-oxide. They survive in the soil and manure for along
time. They have been isolated from butter, cheese and ice cream pre-
pared from infected milk. They survive in meat, pork and may remain
viable after refrigeration for several weeks. They are killed in 10 min-
utes by temperature of 60°C and infected milk is safe for use after
Pasteurization.

There are three main species of Brucella and they differ in their
animal host, some cultural and biological characters and in the amount
of two antigens that are common for the three. They are Brucella
melitensis, which infects goat and sheep, B. abortus which infects cattle
and B.suis that infects pigs.
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Pathogenesis

The incubation period may last about 10-30 days and the infec-
tion may persist without showing any symptoms. If there is no fluctua-
tion in the temperature, diagnosis may be difficult. All the species are
pathogenic to man. The organism enters the body through skin abra-
sions, the mucus membrane of the alimentary and respiratory tracts. It
reaches blood stream through the lymphatics. The infection may be
there without producing any symptoms or it may cause classical undu-
lant fever. The organism produces granulamatous lesions in the reticu-
loendothelial system, liver, spleen and bone. Complications may in-
volve any part of the body. The organisms may survive inside the
granulamata and cause relapses or hypersensitivity reaction.

Clinical manifestations

Symptoms are associated with continued illness and vague symp-
toms of malaise, low grade fever, insomnia, irritability and joint pain
with swelling. After such chronic brucellosis acute attack may be seen
after many years.

Laboratory diagnosis

Blood is collected as specimen and is cultured in glucose serum
broth, in duplicates. Subcultures on to solid media are made and char-
acteristic colonies are looked for. The blood cultures are kept at least
for 6 weeks before they are discarded as negative.

Serology

Antibodies may be detected 7-10 days after onset of clinical
infection. In the acute stage agglutinating antibodies give high titre and
begin to fall. Both agglutinating and complement fixing antibodies are
found in the acute stage. Agglutinating antibodies are IgM and the
complement fixing antibodies are IgG. When the disease becomes
chronic, the IgM antibodies decrease and the agglutination titre may fall
low or may show nil even when the patient is ill. But IgG antibodies are
present during infection and they can be detected by complement fixa-
tion test. One more method to detect the non agglutinating antibodies

222



is the use of anti-human globulin serum. This helps in agglutinating
Brucella suspension which is already sensitized by the non agglutinating
antibodies in the patient serum.

Epidemiology

B. melitensis was the first organism to be studied. The organism
was first isolated from the spleen of fatal cases by an Army doctor,
David Bruce in 1886. He was serving with the British Army on the
island of Malta. So this fever was called Mediterranean or Malta fever.
He described it as a coccus. During that time more Army and Navy
personnel were affected. The name Brucella was given in honor of
Bruce, to establish it as the cause of Mediterranean fever by transmit-
ting the infection to monkeys. After 20 years Zammit a bacteriologist
showed that the organism Brucella was transmitted to man through goat’s
milk.

In Great Britain B.abortus is the only species which causes hu-
man brucellosis. In spite of wide spread vaccination of cattle B.abortus
infection remains endemic among cattle and milk is the major source of
infection. A milk ring test is the screening test to detect the presence of
agglutinating antibody in dairy cattle. B.suis causes infection when
people eat infected pig meat or have contact with infected pigs. Horses
are susceptible to all the three species of Brucella

Prevention and control
Vaccination

Cattle should be vaccinated between 6 and 8 months of age to
avoid abortion due to invasion of the organism to the uterus. A live
attenuated vaccine, similar to one used to immunize cattle, has been
used to immunize the persons who are at risk [veterinarians and farm-
ers]. Otherwise this vaccine is not used for normal persons because of
undesirable side effects.

Pasteurization

Pasteurization eliminates Brucella organisms from infected milk
and milk products.
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Points to remember

1.

Brucella causes a zoonotic disease called brucellosis. Disease
spreads from animal to man and does not spread from man to man.

Acute brucellosis causes intermittent or undulations of temperatures.
So this is called undulant fever.

They are coccobacilli and grow well in the presence of 5-10% car-
bon-di-oxide. There are three important species and they are
Brucella melitensis, B. abortus and B. suis.

The organisms produce granulamatous lesions in the reticuloendot-
helial system, liver, spleen and bone.

They cause acute infections and later the infection becomes chronic.

Blood cultures are done. IgM antibodies appear in the acute infec-
tion and disappear completely. IgG antibodies are seen in chronic
infection.

Animals are vaccinated to avoid abortion. Milk is pasteurized to
eliminate the spread of brucellosis to man.
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Chapter - 8.24

LYME DISEASE

Introduction

Lyme disease is an infection caused by a spirochete called Bor-
relia burgdorferi. Initially many cases were identified in a town Lyme in
Connecticut, USA and hence the illness is named as Lyme disease. It is
an extremely complex illness, affecting skin, joints, heart, nervous sys-
tem and others. Distinctive skin lesions called erythema migrans along
with headache, stiff neck, myalgia, arthralgia, fatigue, and possible swell-
ing of the lymph node usually recognize the disease, Not all the symp-
toms are present in every case. Untreated persons may develop men-
ingoencephalitis, myocarditis, or even arthritis particularly of knees.

Definition:

Lyme borreliosis is a tick transmitted spirochetal illness charac-
terized by expanding skin lesions, Erythema migrans (EM) accompa-
nied by flu like or meningitis like symptoms (stage 1), followed by frank
meningitis, cranial or peripheral neuritis, carditis or migratory muscu-
loskeletal pains (stage2), leading on to chronic arthritis or chronic neu-
rologic or skin abnormalities (stage3).

Etiology

Lyme disease is caused by the spirochete, Borrelia burgdorferi.
This spiral bacterium is named after the discoverer, Willy Burgdorfer.
This spirochete is 11-39 micrometers long and 0.3-0.4 micrometer
wide.The spirochete is highly flexible, has 7-11 flagella and moves by
rotation and twisting. It can readily be stained by simple stains and
Giemsa stain. They survive in liquid environment such as mud water or

blood. It grows in BSK (Barber, Stonner and Kelly) medium. The or-
ganism possesses 3-7 plasmids, one of which codes for two major
proteins 3lkDa OSP A protein and 34 kDa B protein. These proteins
appear to undergo antigenic variation during the course of infection.
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Epidemiology

Distribution: Lyme disease has worldwide distribution and is
present in USA, Eurasia, Japan, Australia etc.

Vectors : Ixodid ticks act as vectors. These include, /.
dammini, I. pacificus, [. ricinus, I. persulcatus.

Reservoir animals

Small mammals: Wood mouse, yellow necked field mouse,
black striped mouse, bank vole, edible dormouse, meadow vole, wa-
ter shrew, pigmy shrew and common shrew.

Medium size mammals: Hedge hog, varying hare, brown hare,
brown rat, black rat, grey squirrel, red squirrel.

Birds: Tree pipit. robin, thrush nightingale, blue throat, great tit,
pheasant, redstart, black cap, white throat, wren, black bird, song
thrush.

Pathogenesis
Tick bite —Skin = Erythema migrans

Blood

Muscle £/ NN g organs Fig. 8.24-1 Pathogenesis

JointsBrain Heart
After injected into the skin, the spirochetes may migrate outward
in the skin producing Erythema migrans. It may also spread
hematogenously to other organs. It has been isolated from skin, blood,
CSF, sinovial fluid, and also has been seen in affected tissues.

Clinical manifestations:

Lyme disease occurs in stages with remissions and exacerbation
and different clinical manifestations at different stages.

STAGE 1

ERYTHEMA MIGRANS (EM)

After an incubation period of 3-32 days, EM occurs at the site
of the tick bite. It begins as a red macule or papule that expands to
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form a large annular lesion. Usually it has a bright red outer border and
partial central clearing. As the Ixodid ticks are small, many patients do
not remember the preceding bite. Lesions can be located anywhere.
Generally they are commonly seen in the thigh, groin, and axilla. Lesion
is warm but not often painful. Spirochetes may be present in the local
site or they spread hematogenously through out the body. EM patients
may develop secondary annular skin lesions. Dermal symptoms may
accompany others like severe headache, mild neck stiffness, fever chills,
migratory musculo skeletal pain arthralgia malaise and fatigue. Less
common manifestations seen are generalized lymphadenopathy,
spleenomegaly hepatitis, sore throat nonproductive cough conjunctivi-
tis, and testicular swelling. Fatigue and lethargy last for several months.
Others may disappear within several weeks.

STAGE 2

NEUROLOGICAL SYMPTOMS

Symptoms suggestive of meningeal irritation may occur in early
Lyme disease when EM is present. After several weeks to months about
15 percent of the patients develop frank neurological abnormalities.
These include meningitis, subtle encephalitic signs, cranial neuritis, bi-
lateral facial palsy, chorea or myelitis alone or in various combinations.
CSF shows lymphocytic pleocytosis(100 cells/il), elevated proteins,
normal or slightly low glucose. These symptoms may resolve within
months. Chronic symptoms may occur later.

CARDIACINVOLVEMENT

Within several weeks after the onset of illness, about 8% of pa-
tients develop cardiac symptoms. Most common abnormality was
atrioventncular block. Rare cardiac symptoms are cardiomegaly, pan-
carditis. Cardiac symptoms may last for few weeks but may recur.
Musculoskeletal symptoms may also be noticed commonly during this
stage. Migratory pain in joints, tendons, bursae, muscle or bone are the
symptoms present.

STAGE 3:
ARTHRITIS:

Within weeks to 2 years after the onset of infection 80% of
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untreated patients develop joint symptoms. They include subjective joint
pains, intermittent attack of arthritis to chronic erosive synovitis. The
typical pattern is.oligoarticular arthritis in large joints such as knee joints.
Symptoms last for weeks to months. Small joints and periarticular sites
may also be involved. Recurrence may last for many years. Chronic
arthritis may lead to erosion of cartilage and bone.

LABORATORY DIAGNOSIS

Specimens: Skin biopsy, slit smear, intradermal aspirates, Blood, and
CSF are collected for examination

Direct examinations : Dark field microscopy, and Giemsa staining
are done to demonstrate the organisms.

Polymerase chain reaction(PCR) :Blood, Plasma, Buffy coat, CSF,
urine and Ticks are collected. From these specimens DNA is extracted
and using Borrelia specific primers, the DNA is amplified and de-
tected.

Culture : Specimens are inoculated into BSK medium, and the growth
of the organisms are looked for.

Serololgy : Indirect immunofluorescence test and ELISA tests are
done : Four fold rise in titre of specific 1gM antibodies are demon-
strated. Western blot test is done to confirm the diagnosis.
Treatment: Tetracyclines, doxy cycline, minocycline are used.
Penicillins: Amoxycillin with probenecid are also effective.
Prophylaxis: Avoid Tick Bite.

Points to remember

1. Lyme borreliosis is zoonotic disease. It is transmitted through the
bite of Ixodid ticks.

2. Reservoir animals are small mammals and birds

3. Skin lesions, cardiac involvement, and CNS infections are
common.

4. If not treated may lead to chronic arthritis.

5. Dark field microscopy, and Giemsa staining are done to demon-
strate the organisms. Also, diagnosis is made by demonstrating
specific antibodies.
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Section V

IMMUNOLOGY

Chapter 9.1

ORGANS AND CELLS OF IMMUNE SYSTEM
DEVELOPMENT OF CELLS IN THYMUS

In the previous class we have seen the structure and develop-
ment of immune system. We have studied the structure of thymus gland
and its functions. Thymus plays an important role in T cell develop-
ment.

Thymus

Thymocytes

Fig. 9.1-1 Thymus

Thymus in mammals is a bilobed organ, located in the thoracic
cavity overlying the heart and major blood vessels. Each lobe is orga-
nized into lobules separated from each other by a connective tissue
called trabeculae within each lobule the lymphoid cells (thymocytes)
are arranged into cortex and medulla.
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The cortex contains relatively immature thymocytes. In medulla
more mature thymocytes are seen. Immature prethymic cells from bone
marrow come to cortex where they mature. Three types of epithelial
cells are present in the thymic lobules. They are

1. Epithelial nurse cells which are in the outer cortex
2. The cortical epithelial cells which form a epithelial network and
3. The medullary epithelial cells which are organized into clusters.

In addition to these cells interdigitating dendritic cells (IDC) and
macrophages both derived from bone marrow are also seen in thymus.
These two cells are found in cortico-medullary junction. Epithelial cells,
IDC and macrophages possess major histocompatibility MHC mol-
ecule which are crucial for T cell development and selection.

Development of T cells in thymus

In the embryonic life the thymus develops from the third pharyn-
geal pouch. Initial epithelial rudiment is seeded with blood borne stem
cells. The ectoderm of the third branchial cleft forms the epithelium of
the thymic cortex. The endoderm of the third pharyngeal pouch differ-
entiates into epithelium of thymic medulla.

Stem cells migrate into the thymus due to chemotactic signals
emitted from rudiment, 32 microglobulin and components of MHC
Class I molecule. The prethymic bone marrow derived stem cells that
enter the thymic rudiment is a multipotent cell. The nurse cells present in
the cortex support the proliferation of stem cells arriving from the bone
marrow. These stem cells develop into large, actively proliferating, self
renewing lymphoblasts which generate the thymocyte population. Cor-
tical thymocytes are less mature than medullary thymocytes. The corti-
cal cells migrate to and mature in the medulla. The most mature T cells
leave the thymus via post capillary venules located at the cortico- med-
ullary junction.

The T cells change their phenotype during maturation. Differen-
tiation markers of functional significance is either acquired or lost dur-
ing the progression from stem cells to T cells.
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During T cell maturation, sequential changes occur in the mem-
brane antigens. In the first stage, cells express CD,” and CDg” pheno-
type. In this stage cells are capable of giving rise to other lineages. In
the second stage cells express CD,"and CDg" phenotype. In the third
stage cells show major phenotypic changes. They become either CD,
T cells or CDg T cells. Immature cell markers are absent as they
become mature T cells. During this maturation in thymus, T cell recep-
tor diversity and positive and negative selection occur.

Points to remember:

1. Thymus plays an important role in T cell development. It is organised
into various sections containing different types of cells.
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Chapter -9.2

ANTIGEN AND ANTIGEN PRESENTATION
Definition:
Antigenisany substance that can bind to specific antibody mol-
eculeand specificreceptorson lymphocytes.
Antigen can beeither compl ete antigen/ Immunogen which can
induce specificimmuneresponses and react with theproductsof these
responses or incomplete antigen/hapten. Thisisachemically defined

substance of low mol ecular weight that can not induce an adaptiveim-
muneresponseby itself

Requirementsfor immunogenicity: (properties)

Immunogenicity isnot aninherent property of amolecule. It de-
pendson variousfactors:

1. Foreignness

Antigen moleculemust beforeignto thehost. For examplewhen
rabbit proteinisinjected in to rabbit no antibody response occurs. But
when human proteinisinjected into rabbit antibody responseisin-
duced. Foreignness depends a so on the presence in amolecul e of
chemica grouping entirely unfamiliar toan organism

2. Sizeand shape

Mol ecular shapedoesnot seemtoinfluenceimmunogenicity but
molecular sizeaffectsimmunogenicity. Smaler themolecular sizeitis
lessimmunogenic. Insulin MW 6000 isapoor immunogen. Higher the
molecular weight itisapowerful immunogen. For exampleflagellais
moreimmunogenic than polymerized flagdllin whichinturn moreim-
munogeni ¢ than monomer of flagdlin

3. Complexity and composition
Synthetic polypeptides are generally used to study the effect of
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complexity and composition. Increasing complexity contributesto
molecul€’s immunogenicity

4. Recognition by two lymphocytetypes

1. T.independent antigens
CertainT cell independent antigensrequireonly stimulation of
specific B cells to produce antibodies
Ex: Staphylococcd  enterotoxins,

2. T dependent antigens
Many antigensrequirerecognitionby bothB and T cells
Ex: SheepRBCinmice

3. Amolecule’s immunogenicity also depends on the Species.
Example: Dextranisimmunogenicinmanand micebut notin
rabbitsand guineapigs.

5. Immuogenicity also depends on the dose and route of
adminigtration

Very small dose may not induceimmune response but may in-
ducetolerance. Very high dose may induce paralysis. Optimum dose
inducesgood response.  Routedf injectioninfluencesimmuneresponse.
Inintravenousinjection centra stimulation occursand good antibody
responseisinduced. Inintradermal administration local lymph node
stimulation occursleadingto CMI response

6. Intervalsbetween injectionsinfluenceimmuneresponse
Antigen must beadministered withintervals

7. Uses of adjuvantspotentiate immuneresponse
Epitope

Epitopesarethe parts of an antigen which contact the antigen-binding
stesof anantibody or the T cell receptor. It isan antigenic determining
gteof theantigen molecule,
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Fig.9.2-1 Epitopes present on the antigen

OVALBUMIN
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INJECT

INJECT

REACT IN

NO ANTIBODY -
ANTI-HAPTEN ANTICARRIER

Fig.9.2-2 Mechanism of Haptens

HAPTENS

These are substances of |ow molecular weight that can not in-
duceaspecificimmuneresponseby itsef. But arecapableof reacting
with preformed antibodiesand preinduced CMI.
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CARRIER

A moleculewhichwhen conjugated to anon immunogenic mol-
eculemakesthelatter immunogenic by providing epitopes(for heper T
cdls) whichthe hapten lacks phagocytic or nonphagocytic celswhich
possessclass| or classll MHC moleculesontheir surfaces.

Antigen presenting cells

CELLS PHAGO TYPE LOCA- CLASSII
CYTOSI$ TION EXPRES
SION

(Monocyte + Monocytes Blood (+) to +++
/ Macrophage Macrophages| Tissue inducible
lineage Marginal zone| Spleenand

macrophages | lymph nod¢

Kupffer cells | Liver

microglia Brain
Non-phagocytic -- Langerhan’s | Skin ++
Condtitutive cels Lymphoid | constitutive
antigen- Interdigitating | tissue
presenting cells dendriticcells

Fallicular Lymphoid

dendriticcells | tissue -
Lymphocytes -- B cellsand Lymphoid | --To ++

Tcells tissuesand| inducible

sites of at sites of

immune Immune

reactions reactions
Facultative + astrocytes Brain inducible
antigen Follicular cdls| thyroid Inducible
presenting cells endothelium | Vascular

& lymphoid
Fibroblast Connective| - To ++

Macrophages which are phagocytic cellsthat possessclass||
MHC moleculesaretheclassical antigen presenting cells. Depending
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ontheir locationthey have different names. (Table 9.1). Langerhan’s
cdls, Interdigitating dendritic cdlsandfollicular dendriticcdlsaresome
of thenonphagocytic cellsthat act asantigen presenting cells

Development of APC

Precursor for theAPC isthe stem cellsfrom bonemarrow. Pre-
cursor givesriseto monocytein blood. Monocytesin tissuesform mac-
rophages. Stem cellsalso giveriseto dendritic cellsfound in tissue.
Dendritic cellsdevelopinto Langerhan’ cells in the tissues. Langerhan’
cells pick up antigen, and movefrom thetissueto the lymph nodes.
Fromthepool of recirculating T cdlls, they select and stimul ate specific
Tcdls.

Development of antigen presenting cells

Fig.9.2-1 Development of antigen presenting cells

Antigen processing (general view)

Antigenisattracted to the cellsby chemotaxisand isattached to
cell surface. Then it is internalized by phagocytosis. Theantigenis
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brokeninto smal fragments. Antigen fragmentisboundwithMHC 1 or
I moleculeand transported to membrane.

Protein antigen

MHCII

Antigen
Fragment

Lysosome

Complex

Fig.9.2-2 Processing of endogenous antigens
Processing of endogenousantigens

Endogenous antigens are produced withinthecell asinvira

infection or the oneswhich are generated asa result of atered self
antigens.

~ _Peplides

Proteosome
cleavage

. Endogenous
anligen
>

Fig.9.2-3 Cleavage of endogenous antigen
Theseantigensarecleaved in proteosomes.

Fragmentsare carried by protein 2/7
Ddivered to TAP1 and TAP2 (transport associated proteins)
Peptide bindsto MHC class| moleculewith 2 microglobulin.
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CELL SURFACE "-

‘ TRANSPORT THROUGH
GOLGI

Fig.9.2-4 Peptide/MHC complex with TAP passthrough Golgi system
They appear on the surface of cells to present the antigen to
T céls

Exogenousantigen processing

Class!l MHC moleculesareassembled from o and 3 chainsin
the endoplasmicreticulum (ER) inassociationwithinvariant chain.
Theinvariant chainensures correct folding of the nascent classl|
molecules and inhibits premature binding of peptidesinthe ER
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Fig.9.2-5 Overdl view of exogenousantigen presentation
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ER before class Il reaches the endocyte compartment
containing antigen. Itscombinationwith classll dlowstransport
totheGolgi and helpstransport through Golgi.

Exogenousantigen (any infectiousagent ) is phagocytosed with
early endosome formation and then degradation of antigen
occurs. Lateendosomal vesicleisformed.

Lateendosomefuseswith classll MHC havingainvariant chain.
It contains partly degraded proteinsfrom exogenous source and
after the fusion, degradation of invariant chain occurs. The
peptide is now found in the grove of MHC Il. Now the
complexesaretransported to the membranefor presentationto
theT cdls.

Points to remember

1

Antigen is any substance that can bind to specific antibody
mol ecul e and specific receptors on lymphocytes.

Immunogenicity is not an inherent property of a molecule. It
depends on variousfactors:

There are phagocytic and nonphagocytic antigen presenting cells
Endogenous antigens are processed and presented to T cells via
MHC | molecules

Exogenousantigensare processed and presentedto T cellsviaMHC
I molecules
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Chapter -9.3

STRUCTURE AND CHARACTERISTICS OF
ANTIBODIES

I ntroduction:

In X1 standard you have already studied the structure and
functions of antibodies. In this class you will be studying little
moreabout antibodies.

Definition of antibodies:

Antibodies are glycoprotein molecules which are produced
inresponseto an antigen, and react specifically withitinan observable
manner.

Antibody isa so known asimmunoglobulins.

I mmunoglobulin classes

In man 5 major classes of Immunoglobulins are described.
They are (1) Ig G which isthe major serum component. (2) Ig M:
It isamacroglobulin appearsfirst after an antigenic stimulus. (3).
Ig A which is present predominantly in secretions. (4) Ig D which
isan important cell membrane receptor form. (5) Ig E isan immu-
noglobulinthat israised during dlergic responses.

Structureof antibodies

Thegeneral formulafor antibody is(H2 L2)n. Theimmuno-
globulins are made up of 2 heavy chains and 2 light chains. These
are held together by covalent bonds. These bonds are interchain
disul phide bridges. Each chainismade of anumber of loops. These
loops are known as domains. Each domainisformed by intrachain
disulphide bonds. There are 2 loop sections per L chain and 4 loop
sections per H chain. There are two terminals in each chain. One
is called C terminus and the other is called N terminus.

241

Fab 55

N terminus Sirsltradisulphide bond

C terminus

s5

Heawy chain

L

@
'\ Interdisulphide bond

]

Fig. 9.3-1 Structure of antibody

Fab 55

Light chain

C terminus contains the constant region.
N terminus contains the variable region.
L chainisnamed as Kappa (k) and lambday(l).

L chain
220 AA
N [ YL | L ]c
\ VL CL C Fig. 9.3-2 Light Chain

It containstwo domains, domain at N terminusisvariabledomain of

light chainandiscalled VL and domain at C terminusis constant
domaincalled CL.
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Typesof heavy chain

Thereare5different typesof H chains. Based onthetypeof H hain
theclassof antibody isdetermined

They are:

. y Gamma -1gG
. o Alpha -IgA
. p Mu - IgM
. ¢ Epsilon -IgE
. o Deta -1IgD

5 }'1 H chain
N S C

g 55 55 55

X or Fig.9.3-3 v, H Chain

g | | (¢ H chain)
wH CHI CHZ CH3
55 55 5 55 55

™N 5 C
55 55 55 55 |
3
7 N 7
X Oor & - 1 Chain
55

Inter heavy chain disulphide
in polymers of IgA

Fig. 9.3-4 o H Chain
Propertiesand functionsof immunoglobulins

lgM

IgM isthemainimmunoglobulin produced early in primary im-
muneresponse. Itispresent onthe surface of al uncommitted B lym-
phocytes. IgM isapentamer and thevalenceis 10. Itispresent largely
in blood. It is frequently associated with the immuneresponseto

243

Antigenicaly complex, blood borneinfectiousagents. IgM isthemost
efficentimmunoglobulinin aggl utination, complement fixationand other
antigen antibody reactions. It isapotent activator of classical pathway
of complement. Thisantibody doesnot crossplacenta. It playsanim-
portant rolein the defense against bacterial and viral diseases.

5

yH | [CHT CHZ, /CH3 3 tH4, 5 domains
55 55 g 55 55 55
N g C
7
Xorh Mast cell

binding site

Fig. 9.3-5 Overadl structure of
immunoglobulin

IgG

Ig G hastwo identica antigen binding Stesandisbivaent. There
arefour subclassesnamely Ig G1,1g G2, IgG3 and 1gG4. Ig G isthe
predominant antibody in secondary immuneresponse. It playsanim-
portant rolein defense against bacteria, viruses. It so neutraizes tox-
ins. It crosses placentaand isfound in large quantitiesin newborns.
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Ig G subclasses:

Structure: they differ in number and arrangement of interchain
disulfidebonds.

Effector functions lgG1 19gG2 gG3 IgG4
C classical pathway ++ + +++ -
Placental transfer + + + +
Bindingto Staph

Protein A +++ +++ - +++
Bindingto strep

protein G +++ +++ +++
Bindingto Fcy RI +++ - 4+ ++
Binding to Fcy Rllla + - + -
Bindingto Fcy RIII + - + -
IgA

IgAisfound mainly insecretionslikemilk, tears, salivaand se-
cretionsof respiratory, intestinal and genital tracts. It protectsthe mu-
cusmembranesagains microbia attack. Many microbesenter thebody
through these mucus membranesand IgA offersthefirst line of de-
fense. Each 1gA moleculeconsists of two H,L, unitsand aJchainand
asecretory component. The secretory component isapol ypeptide syn-
thesized by epithdlia cdlsandit helpsigA to passthemucosa surface,
and resistsdigestion by intestind digestiveenzymes.

IgE

IgE antibody is present in increased quantities in allergic
individuals. The Fc portion of themolecule bindsto mast cellsand
eos nophils. When thisantibody combineswith itsantigen onthemast
cell surface, it leadsto allergic response.

Beneficial roleof IgE

IgE playsamajor rolein the defense against parasitic worms.
Parasites liberate large quantities of alergens in the gut. These
stimulate production of IgE and 1gG in gut associated lymphoid
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tissue(GALT). Mast cellsmaturinginthe GALT aresensitized with IgE.
These cellsmigrateto gut mucosa. They aretriggered to release me-
diatorsthat recruit eosinophilsand neutrophils. Thesecdlscankill IgE
or 1gG coated worms by variety of mechanisms

gD

IgD hasno antibody function. It may act asantigen receptor on
cdls. Inserumitispresent inonly trace amounts.

Points to remember:

1. IgM antibody isthe one which appearsfirst. IgG antibodies appear
later and stay for longer times. IgA antibodies offer first line of
defense. IgE antibodies are involved in alergic reactions.
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Chapter - 9.4

ANTIGENANTIBODY REACTIONS
IMMUNO FLUORESCENCE

FLUORESCENCE

Fluorescence is a phenomenon defined as an emission of
light of a particular colour by a substance when it is irradiated
with light of a different colour.

FLUOROCHROMES

Substances which exhibit the phenomenon of fluorescence
are called fluorochromes. Fluorochromes are organic substances
obtained by synthesis or natural methods.

Therearemany fluorochromes: For [abel ling antibodiesthe Fluo-
rochrome should havethefollowing properties:

1. Should have chemical group capable of forming stable
compounds with protein molecules (azo carbamide,
thiocarbamide, sulfonamide)

2. Fluorochromes that have not been coupled should be easy to
remove.

3. Fluorescent light emitted should be powerful & should
decline minimally.

4. Should not contain chemical groups that in combination with
aprotein could disturb the reaction.

5. The fluorescent colour of the conjugate should be different
from that given off by normal cellular substrate
(Autofluorescence)

6. The conjugate resulting from the coupling with the protein
should be as stable as possible in normal condition of
preservation.
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7. Immunological reactivity should be retained .

8. Coupling method should besmple

9. Fluorochrome should be easy to synthesise, easy to
mani pulate, cheap and safe to those who manipulate them.

FLUOROCHROMESUSED IN IMMUNOLOGY:

1. Fuoresceinisothiocyanate (HTC)

2. Lysamine — rhodamine B-200 Sulphonyl chloride

3. Rhodamine B isothiocyanate (RBITC)

FLUOROCHROME LABELLING OF
IMMUNOGL OBULINS:

General considerations: Serum or gamma globulins can be
used for coupling

1. Gamma globulin is better because albumin in sera bind fast
and

2. NH, S0, isusedfor precipitation of gammaglobulin. It must be
removed. Otherwiseit competeswith gammaglobulinfor thedye.

3. Another factor is the weight ratio between fluorochrome &
proteins.

4. pH of the environment is important. Alkaline pH enhances
thespeed & amount of coupling.

REMOVAL OF EXCESSLABELLED:

Dialysis, precipitation, adsorption to active charcoal,
sephadex gel filtration G25 and ion exchange columnsare used.

VARIOUSTECHNIQUESOFIMMUNOFLUORESCENCE:

First used by Coon’s in 1942 for Pneumococcus in tissue
sections.
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Direct technique: or singlelayer technique

In this method antigen is treated once with antibody tagged
with fluorochrome.

e %o
R

Antigen

Example: Demongtration of Rabiesantigeninimpression smear.

1. Impression smear from hippocampus of infected dog is made
and fixed

2. It is treated with antirabies antibody tagged with FITC and
incubated

3. It iswashed to remove un-reacted antibody.
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4. Thepreparationisexamined for fluorescence

Similarly various other antigens can be demonstrated.

1. To demonstrate viruses and bacteriain respiratory specimens
2. TodemonstrateAdenovirus, Chlamydiain conjuntival smear

3. Todemonstrate GC and Mycoplasmain urethral smear.

INDIRECT TECHNIQUE/ANTIGLOBULIN METHOD/
DOUBLE LAYER TECHNIQUE:

PRINCIPLE:

To demonstratethe antigen, first unlabelled specific antibody is
used. Subsequently it istreated with tagged antibody to gammagl obu-
lin. (Thusif thefirst layer israbbit antibody then the second layer isanti
rabbit gammaglobulin- tagged).
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PROCEDURE:

To demonstrate an unknown antigenin fixed preparation. Thetestis
donein two steps:

Sep:1

1. Unknown antigen is present in a fixed preparation.

2. Itistreated with specific nonfluorescent serum

specific
Antigen antibody{Rabbit)

3. Incubated at 37°C for 10 — 20 min in wet chamber

4. Washed 3—4 successive baths 5 min each in phosphate buffered
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sdline. Antigen antibody complex is resistant to washings. The
preparationis washed & dried.

Sep 2

1. To the washed dried preparation labeled anti species anti-
globulinisadded and incubated at 37°C for 15 — 30 minutes in
wet chamber. Itiswashed and dried asin step 1.

When antigen — antibody complex has been formed in the first
step, labelled antiglobulin will couple to specific antibody to
antigen and afinely fluorescent complex will beformed.

INDIRECT METHOD

Indirect method can be used for the detection of unknown
antissrumwith known antigen:

Itisasousad forthedetection of unknown organismusing known
antiserum:

USES

In bacteriology
Itisusedfor typing, differentiation, identification, rapid diagnosis
of bacteriaand bacterial infections.

For Mycoplasma

For demonstration in tissue culture, Intra cellular location
andfor pleuro pneumonialike organism etiology of primary atypical
pneumoniaby FA technique.

Chlamydia

This test is used for demonstration and quantitation in in-
fected cells

In virology:
Immunofluorescent test is used for the following

1. Identificationof vird antigensinvarioussubstrates
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2. Edablishingthesiteinthehost cell wherethe antigensare synthe-
szed
3. ldentification & quantitation of antibody in sera
4. Dynamicsof replicationof viruses
5. Edablishingthepathogenesisof somevird infections
6. Etiologica diagnossof somehumanandanima vird infections
COMPARISON OFDIRECTAND INDIRECT
METHODS
DIRECT INDIRECT
Sensitivity Less High (10 timeshigher
than direct)
Application Narrow onelabelled antibody.
Every antibody anti globulin from a species
must be labelled Many different tests can be
eg: anti brucella put up. eg: anti brucella, anti
labelled antibody typhi anti toxoplasma
anti typhi labelled antibody (rabbit),
antibody anti labelled rabbit anti
toxoplasma gamaglobulin.
labelled antibody
Antibody titre | May not be High titre can be obtained.
very high
Isolation and Isolation and
purificationdifficult.| purification easy
Specificity High (very few May below (cross
Cross reactions) reaction dueto infectionin
animas
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Pointstoremember

1

Fluorescence isaphenomenon defined as an emission of light of a
particular colour by a substance when it isirradiated with light of a
different colour

Substances which exhibit the phenomenon of fluorescence
arecalled fluorochromes.

Fluorochromes are attached to immunoglobulins to trace
the antigen — antibody reactions.
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Chapter -9.5
ELISA

ELISA isanimmuno assay which uses|abelled reagentsfor de-
tecting antigensand antibodies. Thetestisexquisitely sensitive. Itis
a sovery economical intheuseof reagents. Thistestisthemost widely
used oneof all immunol ogica assaysbecauselarge number of testscan
beperformedinshort time. Thiscan also be automated.

1. Sensitize the plates . Antigen
with antigen )
2.Wash
Antibody
3. Add test antdhody o,
h_
4, Wash
Ligand Enzyme
5. Al ligand .
6.wash colorless
— lorl 0
substrate OI:::I(:? 0
0p0
7. Add chromogen { } —
8. Develop plate :::.
- colored @0®
Ligand is a molecule that can detect antihody product
ligand is covalently linked to an enzyme

Fig. 9.5-1 Direct method to detect antibody

Asinimmunoflourescence assay adirect and indirect ELISA
test can bedone.
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DIRECT ELISA:

Inthedirect test solid phase (plastic plates) issensitized withthe
antigen. In other words antigen iscoated onto the solid phase. Itis
washed to remove unattached antigens. Thetest antibody isadded
and alowed to react with the antigen and excess unreacted antibody is
washed off. Then aligand contai ning enzymeisadded which bindsto
theantibody molecule.

Theenzyme used may be either alkaline phosphatase or Horse
radish peroxidase. After washing, to removetheunattached ligand, the
substrate for the enzyme used is added. If the enzyme s attached
through theligand to antibody molecule, it will react and releaseachro-
mogenic compound (col oured substance).

Fig. 9.5-2 Indirect binding assay

Thefind intensity of the colour isread with thehelp of aspectro-
photometer.
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Intheindirect assay method an antigen is coated on to the sur- 2. Invisible antigen antibody complexes are made visible by tagging

faceof polystyrenewells. The specimen containing specificimmuno- the antibody with enzymes and reacting with its substrate to
globulin for the suspected antigen is added followed by the enzyme produce acoloured end product.
|2belled specificimmunoglobulin (conjugate). 3. This test is highly sensitive and is very useful for detecting

.. L ) ] ] pathogens or antibodies.
In apositive case, an invisible antibody-antigen complex is

formed. The complex ismade visibleby the addition of asubstrate,
which the enzymein the conjugate atersto produceacolour change.
Thisreaction can be seen by the naked eye or measured by el ectronic
means such asa spectrophotometer.

Intheindirect method the antibody to immunoglobulinistagged
with theenzymeand not to the antibody that reactswith the antigen.

APPLICATIONS:

The ELISA technique offersimportant advantagesover severa
other techniques used for theidentification of viruses. Theseadvan-
tagesincludelower cost for supplies, greater sengtivity, and better re-
agent sability.

ELISA isusedfor theidentification of thevird pathogenssuchas
HepatitisB virus, Rotaviruses, Cytomegal o viruses, Herpesviruses,
Rubella, bacteriasuch as speciesof Legionella, Streptococcus, Neis-
seria, Staphylococcus, and the protozoon Toxoplasmagondii etc. The
detection of IgM and 1gG antibodiesisal so possiblewith thistech-
nique.

Theapplication of ELISA isreliablefor therapid detection of
variousvira infections, including Herpes Simplex virus 2, infectious
mononucleosis, polio, HepatitisB, mumpsand meadles.

Points to remember:

1. ELISAisenzymelinked immunosorbent assay.
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Chapter -9.6
HYPERSENSITIVITY REACTIONS

Althoughimmunesystem is protective, thesameimmunologic
mechanismsthat defend the host may sometimesresult in severedam-
agetotissuesand cause death occasionaly. The harmful reaction asthe
result of antigen and the productsof immune responseresultsin hyper-
sensitivity. Thistype of immune response may beimmediate or de-
layed.

For hypersensitivity reaction to occur theindividua should have
initia contact with thedlergen[antigen] whichleadsto sensitizing B or
T cdls. Thisiscaledassengtizing or priming dose. Subsequent con-
tact withthedlergen causes manifestations of hypersengtivity. Thisis
caled asshocking dose.

Classification of hyper sensitivity reactions:

Hypersengtivity reactionscan bebroadly classifiedintoimmedi-
ateand delayed hypersensitivity reactions.

Immediate hypersensitivity reactionsareasfollows.

1.  Typel hypersenstivity—Anaphylaxss(Reaginic)

2. Typell hypersengtivity — cytotoxic amd cytolytic reactions
3. Typelll hypersensitivity— Immunecomplex disease
Deayed hypersengtivity reactionisasocdled

4.  TypelV hypersengtivity or Delayed hypersensitivity.

These hypersengtivity reactionsare classified based onthetime
required for asensitized host to devel op clinical reactionsonceheis
exposed to an antigen.
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Immediate hypersensitivity Delayed hypersensitivity
1. Appears and recedes 1. Appearsdowly
quickly. and lastslonger.
2. Induced by antigens or 2. Induced by infection, injection

haptens by any route. of antigenintradermally or
with adjuvantsor by

skin contact.

3. Circulating antibodies
may be absent and not

3 Circulating antibodies are
present and responsible

for reaction. responsiblefor reaction.
4. Antibody mediated reaction. Cell mediated reaction.
5. Passive transfer possible 5. Cannot be transferred with
with serum. serum but can be transferred
by lymphocytes.
6. Desensitization easy 6. Desengtizationdifficult

doesnot last long. but long lasting.

Typel hypersensitivity reaction:
Definition:

Typel hypersengtivity reactionsareinitiated by antigensreact-
ingwith cell bound antibody usually IgE. IgE iscaled reaginic antibody.
IgE antibodies are cytotropi ¢ antibodi es because they arefixed onthe
surface of tissue cells such asmast cellsand basophils. The antigen
combineswiththecdll fixed antibody |eading to rel ease of pharmaco-
logically active substances (vasoactive amines) which produceclinical
resction.

e Clinical syndromesof Type hypersensitivity are Anaphylaxis and
Atopy

e Anaphylaxis (Ana- without; prophylaxis— protection)

Anaphylactic hypersendtivity can be passvely transferred from
asengtivedonor toanormal recipient by injection of serum. Itiscaused

by IgE (reaginicantibody).
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M echanism of anaphylaxis:

IgE antibody isacytotropic antibody. It hasaffinity for mast
cellsand basophils. Soit will beattached on the surface of mast cells
and basophils. When an alergen entersit will crosslink to antibody
moleculesthat are attached to the membrane of the mast cells. This
causes an influx of Ca?* and adecreasein thelevel of CAMP. Asa
result of this, degranulation of mast cells occursand primary and sec-
ondary mediatorsof anaphylaxisarereleased.Primary mediatorsare
Histamine, serotonin and secondary mediators are prostaglandin and
platel et activating factor. Thesemediators cause different typesof ana

phylaxis

Fig. 9.6-1 Mast Cell

Typesof Anaphylaxis: Anaphylaxisiscategorized asfollows.
1.  Cutaneousanaphylaxis
2. Passvecutaneousanaphylaxis
3. Angphylaxisinvitro
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Cutaneousanaphylaxis

When asmall shocking doseof anantigenisgivenintradermaly
to asensitized host, there will belocal “wheal and flare” response
[local response[local anaphylaxis]. Wheal isapale, central areaof
puffiness due to edema, which is surrounded by a hyperemia and
erethema| redness|. Cutaneous anaphylaxisisuseful intesting hyper-
sengtivity of sendgtizedindividuashenceasyringeloaded with adrendin
should aways be kept ready to counteract the adverse effectsof ana-
phylaxis.
Passive Cutaneousanaphylaxis[PCA]

Thisisan extremely sensitive invivo method for detecting anti-
bodies. A small volumeof antibody isinjected intradermally into anor-
mal animal. If antigen, dongwith adye such asevansblueisinjected
intravenoudy 4— 24 hours afterwards, therewill beanimmediate blu-
ing at thesiteof intradermal injection dueto vasodilation and increased

capillary permesbility.
Anaphylaxisin-vitro

Guineapigsshould be sensitized with aknown antigen. Tissues
areisolated from guineapig and placed in Ringer’s Solution. Whena

specific antigen is added to the bath, the tissues will contract
vigoroudy[fadt]. Thisiscdled as*“Schultz— Da e phenomenon”.

Atopy

Theterm Atopy meansout of place or strangeness. Theantigens
commonly involvedin atopy are characteristically inha ants. Eg— Pol-
len, housedust or ingestants. Eg— Eggs, Milk. Some of them are con-
tact alergens, to which skin and conjuctivaareexposed. Theatopens
[antigens] are not aways good antigens but induce IgE antibodies.

Hay Fever [Allergic Rhinitig]

It isan exampl e of an atopic allergy involving therespiratory
tract. Initid exposureinvolvesair-borneallergenssuch asplant pollen,
fungal spores, house dust mites, and they sensitize mast cellslocated
withinthemucousmembranes. Re-exposureto dlergen causesthetypi-

262



cal anaphylactic responseslikeitchy & teary eyes, congested nasal
passage, and coughing and sneezing.

Fig. 9.6-2 Mechanism of Type | hypersensitivity reaction

Demonstration of IgE antibodies

IgE can be detected by passive hemaggl utination and by RAST.
[RadioAllergo Sorbent Tet].

Therapy
1.  Antihisaminescanbegiven.
TYPEIIHYPERSENSITIVITY REACTIONS
[Cytotoxic Reactions]
Definition

Cytotoxictypell reactionsareinitiated by antibody usualy, 1gG
or IgM reacting with cell bound antigen.
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Mechanism of pathogenesis

IgG or IgM antibodiesreact with the antigen on the surface of
cells(RBC.). Thisantigen— antibody reaction activates complement
cascade. Thisresultsin opsonization and phagocytosisand later cell
deathorlysis.

Clinical Features

Many typesof cytotoxic reactions can be grouped according to
thenature of target cells or tissue damagethat occursinthereaction.

1. Red blood cell lysis is the most important clinical
phenomenon associated with cytotoxic reactions. Example
isincompatibletransfusion reactions

Transfusion reactions

Fig. 9.6-3 Mechanism of Transfusion reactions
l.a. Haemolyticdiseaseof thenew born

Hemolytic disease of thenew bornisapotential fatal disease
caused by maternal 1gG antibodiesdirected against paternal antigens
expressed onfetal red blood cells. Theusual target of thisresponseis
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the Rh blood group antigen. Maternd anti Rh antibodies crossthepla
centato attack thefetal red blood cells. Thisconditionsisaso called
erythroblastossfetais.

2. Autoimmunehemolytic disease

Inthisdisesse, the symptomsincludefatigue, fever, jaundiceand
splenomegaly dueto the presence of antibodiesdirected against self
red blood cell antigensand resultin anemia.

3. Druglnduced reactions
Sedormid [ Sedative] bindsto platel ets and causes thrombocy-
topenic purpura.
Chloramphenicol bindsto WBCsand |eadsto agranul ocytosis.
Phenacetin [tranquilizer] bindsto RBC and induces hemolytic
anemia
4.  Inrheumatic fever antibodies against group A streptococci
crossreact with cardiac tissues

TYPEIII HYPERSENSITIVITY
[lmmuneComplex mediated disease]
Definition
Immune complex mediated reactionsareinitiated by antigen—

antibody [immune] complexesthat either areformed locally at thesite
of tissuedamage or aredeposited therefrom thecircul ation.

Types & Examples

Arthusreaction and Serum Sickness are examples of typelll
hypersengitivity reactions
1.Arthus Reaction

In 1903, Arthus observed thisreaction in rabbitswhen they were
injected subcutaneoudy with horseserum. Initid injectionswerewith-

out any local effect, but with later injections, edema, induration and
hemorrhagic necrosisresulted. Thisiscaled asArthusreaction.
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M echanism of Arthusreaction

When anantigenisinjectedintradermally it combineswith anti-
body inthe serumto form antigen— antibody complexes[Immune com-
plex]. Theseimmune compl exes activate complement. Complement
causesmast cell degranulation and attract neutrophilsinto thetissue. As
aresult of mast cell degranulation vasoactiveaminessuch ashistamine
& leucotrienesarere eased. Theseincrease the blood flow and capil-
lary permesbility. Lysosoma enzymescauseinflammiation of theblood
vessel endothelial membrane. Asaresult of theaccumulation of im-
mune complexessmall thrombi are seen in blood vessal swhich cause
reduced blood supply and lead to tissue necrosis.

Fig. 9.6-4 Mechanism of Arthus Reaction

2. Serum Sickness.

Serum sickness was described by Von Pirquet and Schick in
1905.
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Thisappeared 7— 12 daysfollowingasingleinjection of ahigh
concentration of foreign serum.

The clinical syndrome consists of fever, lymphadenopathy,
spleenomegaly, arthritis, glomerulonephritisrashesetc.

Mechanism of Pathogenesis

Theforeign serumand theantibodiesagaingt it formimmunecom-
plexes. Theseimmune compl exes get deposited ontheendothelid lin-
ing of blood vesselsin various parts of the body causing inflammatory
reection. With moreamount of antibody production theseimmunecom-
plexesare phagocytosed. Thisreaction becomessdlf limited.

Glomerulonephritis

Acute post streptococcal glomerulonephritisisawell known
immune complex disease. Itsonset occurs severa weeksafter agroup
A betahemolytic streptococcd infection

TYPEIVHYPERSENSITIVITY-
Delayed type hypersensitivity(DTH)

InTypelV hypersengtivity theantigen activates specificaly sen-
stized T lymphocytes|eading to the secretion of lymphokines, which
mediatethishypersengtivity. Itisadelayed type hypersenstivity. Two
typesof delayed type hypersensitivitiesarerecognized.

They are
(1) Tuberculintype
(2) Contact dermatitistype

1. Tuberculin type

Thisform of hypersensitivity was described by Robert Koch.
He observed that when patientswith tubercul osiswere given asubcu-
taneousinjection of tuberculin [alipoprotein antigen derived from tu-
berclebacilli], they devel oped fever & generdized sickness, and the
injection siteswelled and hardened.
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Mechanism of tuberculin hypersensitivity

Whenasmall doseof tuberculinisinjected intradermally inan
individual sensitized to tubercul oprotein, after 12hourslymphocytes
beginto migratefromloca blood vessdls.

Theselymphocytesgo to the site of the antigen along with mac-
rophages. Theselymphocytes & macrophagesreact with the antigen
and produce erythemaé& induration after 24-48 hoursof theinjection.

2.  Contact dermatitis hypersensitivity:

Deayed type hypersensitivity sometimes resultsfrom skin con-
tact with avariety of chemicalssuch asnickel, chromium, picryl chlo-
ride, drugssuch aspenicillin.

Mechanisms of Contact dermatitis

Thesedrugsor chemicalsapplied on the skin behavelike hap-
tens.

When these haptens combine with skin proteins, which act as
carrier they form hapten-carrier complex. Antigen presenting cdl I APC]
carry thishapten-carrier complex to thelymphatics, from thelymphat-
icsthey go to theregiond lymph nodes.

Inthe lymph nodes the antigen presenting cell s present the hap-
ten—carrier complextothe T-cell§CD T cells]. TheseCD T cellsrec-
ognize the hapten-carrier compl ex*and release Iympﬁoki nes or
interleukins

Theseinterleukinsactivatethe T — cellsand macrophages, which
inturn degradetheles onsvarying from maculesand papulestovesicles
that breakdown leaving behind raw weeping areastypical of acuteec-
zematousdermatitis. Thesereactionsappear after 24— 48 hours. This
iscalled ascontact dermétitis.

Thishypersensitivity can bedetected by aPatch Test.
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Tests for delayed type hypersensitivity

Tuberculinskintest for
tuberculintypehypersengtivity.

Patchtest for
contact dermatitis.

Therapy.

Avoidtheuse of dlergens. Inflammatory responseisreduced

with the use of aspirin. Other immunosuppressive drugs can aso be
used.

Points to remember

1.

The harmful reaction of the immune system is the hypersensitivity
reaction. This type of immune response may be immediate or
delayed.

The immediate type reaction is actibody mediated and the delayed
typeis cell mediated. Together there are four types.

Type | immediate hypersensitivity reactions are initiated by
antigensreacting with cell bound antibody usually IgE.

Ig E is called reaginic antibody. In type I, the antigen when
combines with cell bound antibody, pharmacologically active
substances are released and they produce clinical reactions.

Type Il reactions are mediated by 1gG or IgM antibodies which
react with cell bound antigens. The antibodies react with antigens
present on the RBCs.

The specific antibody for the RBC antigen combines with the
antigen and thereislysis of RBC.
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4. Typelll reactionsare mediated by antigen antibody complex. Either

they areformed locally at the site of tissue damage or are deposited
therefromthe circulation. Glomeronephritis comes under thistype.

TypelV Itisacell mediated (T cell) delayed type hypersensitivity.
They aretuberculin type and contact dermatitis hypersensitivity.
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Chapter - 9.7
TISSUE TRANSPLANTATION

Transplantation in immunology means the transfer of cells, tis-
sues or organs from one site to another. Many diseases can be cured
by implantation of healthy organ or tissues or cells (a graft) from one
individual (the donor) to another who is in need of a transplant (the
recipient or host). The immune system protects the body from attack
by foreign agents, and the same mechanism rejects grafts from anyone
who is not genetically identical to the recipient.

Alexis Carrel reported the first transplantation in 1908. He in-
terchanged both kidneys in nine cats. Some transplanted cats main-
tained urinary output for 25 days. Even though all the cats died, it was
established that the transplanted organ could carryout normal function.
Then in 1935 a Russian scientist attempted first human kidney trans-
plantation. But the patient died because the kidney was rejected. Then
the first successful human kidney transplantation was carried out in Boston
in 1954 between identical twins.

Nowadays kidney, pancreas, heart, lung, liver, bone-marrow and
cornea transplantations are performed even among non-identical indi-
viduals.

Immunological basis of graft rejection:

The immune response to a graft varies with the type of graft.

Autograft is self-tissue transferred from one body site to an-
other in the same individual. This is done usually in burn patients.

Isograft is the tissue transfer between genetically identical indi-
viduals. Ininbred mice the transfer of tissues can be carried out. In
humans it is carried out between identical (monozygous) twins.
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Allograft is tissue transferred between genetically different mem-
bers of the same species. Example: organ donation from one person to
another.

Xenograft is the transfer of tissue from one species to another.
Example: the graft of a monkey heart into a human.

Autografts and isografts are usually accepted by the host be-
cause there is genetic identity between the graft and the host. In the
case of allograft, it is recognized as foreign and rejected by the immune
system. Xenografts exhibit greatest genetic variations and the grafts
are rejected vigorously.

Antigenically similar tissues are called histocompatible, and they
do not induce tissue rejection. Tissues that show antigenic differences
are called histoincompatible and they induce immune response followed
by rejection.

The rejection of foreign tissue is the result of an immune response
to cell surface molecules, called histocompatibility antigens. There are
two types of histocompatibility complex. They are major histocompat-
ibility complex and minor histocompatibility complex. The major histo-
compatibility complex is a collection of genes arranged with in a con-
tinuous stretch of DNA on 6 chromosome in human and on 17t
chromosome in mice. MHC is referred to as the HLA complex in
humans and H, complex in mice. There are three classes of MHC
genes.

Class I MHC genes:

They encode glycoproteins expressed in all nucleated cells. The
main function of Class I gene products is the presentation of peptide
antigens to Tc cells.

Class II MHC genes:

They encode glycoproteins expressed on antigen presenting cells
(Macrophages and B cells). They present the processed antigen to Ty
cells.
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Class III1 MHC genes :

These genes encode mainly the proteins that have immune func-
tions, including components of complement system, and molecules in-
volved in inflammation.

T cells play a key role in allograft rejection. Rodents born with-
out a thymus have no mature T cells and cannot reject transplants. In
normal rats if the thymus is removed before mature T cells are released
or irradiated, they cannot reject grafts. If T cells are inoculated into
these animals again, they regain the ability to reject grafts.

Blood Group Typing

Before doing transplantation the cells of donors and recipient
should be matched by matching blood group antigens and histocom-
patibility antigens.

Donors and Recipients are typed for RBC antigens. Differences
in blood group antigens and MHC antigens are responsible for most of
the graft—rejections.

Various tissue typing procedures have been developed to find
out the potential donor and recipient. Initially both are screened for
ABO blood — group compatibility. The blood group antigens are ex-
pressed on RBCs, epithelial cells and endothelial cells. If antibodies
are produced to any of these antigens present on the graft that will
induce antibody mediated complement lysis.

MHC antigen typing:

HLA typing of potential donors and a recipient can be detected
with a microcytotoxicity test. In a microtitre plate, white blood cells
from the donors and recipient are distributed into a series of wells and
then antibodies specific for various Class I and Class I MHC alleles
are added to different wells. After incubation complement is added to
the wells. If the white blood cells contain MHC antigens for which
specific antibody is added, the cells are lysed upon addition of comple-
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ment. These dead cells will take up a dye such as trypan blue. Anti-
body mediated microcytotoxicity will indicate the presence or absence
of MHC allele.

Cell mediated graft rejection occurs in two stages:
1. Sensitization stage

2. Effector stage.

Sensitization stage:

During this phase CD4+ and CDg+ T cells recognize the allo
antigens (antigens present on the allograft) and proliferate in response.
Both major and minor histocompatibility antigens are recognized. Host
T, cell becomes activated when it interacts with an antigen — presenting
cell. Recognition of the alloantigens expressed on the cells of a graft
induces vigorous T cell proliferation in the host. The major proliferat-
ing cellis the CD 4+ T cell, which recognizes Class IT alloantigens. This
amplified population of activated Ty cells is thought to play a
central role in inducing the various effector mechanisms or allograft
rejection.

Effector stage:

A variety of effector mechanisms participate in allograft rejec-
tion. The most important ones are cell mediated (T cell mediated)
reactions which include delayed type hypersensitivity and cytotoxic lym-
phocyte mediated cytotoxicity. Antibody plus complement mediated
lysis and antibody dependent cell mediated cytotoxicity are less com-
mon.

Graft rejection depends upon the type of tissue or organ grafted
and also the immune response. Hyper acute rejection occurs within the
first 24 hours, after transplantation. Acute reaction begins in the first
few weeks after transplantation and chronic rejection reactions occur
from months to years after transplantation.
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Immune suppression:

Allogenic transplantation needs some amount of immunosuppres-
sion if the transplant is to survive. But the immunosuppressive drugs
act against all the antigens, which place the recipient at great risk of
infection. Patients on long term immunosuppressive therapy are at in-
creased risk of cancer, hypertension and other diseases.

Azathioprine is given just before and after transplantation. It
inhibits mitosis. Both B and T cell proliferation is decreased in the
presence of Azathioprine. Corticosteroids such as prednisone act as an
anti-inflammatory agent. Cyclosporin A and Rapamycin are fungal
metabolites with immunosuppressive properties. Lymphocytes are ex-
tremely sensitive to X-rays, so X-ray irradiation can be used to elimi-
nate them in the transplant recipient just before grafting.

The most commonly transplanted organ is the kidney. Many
common diseases such as diabetes and various types of nephritis result
in kidney failure, as a result transplantation is required.

Graft versus — host disease:

In leukemia, the patients are treated with cyclophosphamide (im-
munosuppressive drug) and the body is irradiated to kill all cancerous
cells. Now this patient is immunosuppressed and will not reject any
graft.

To have normal immune function (to fight infections etc) bone
marrow cells which contain immunocompetent cells are transplanted
from normal donors. In this case the bone marrow cells are not re-
jected by the recipient, but instead the immunocompetent cells present
in the bone marrow, recognize the recipient tissues as foreign and reject
the host.

This happens after activation, proliferation and production of
cytokines leading to inflammatory reactions. This is called graft versus
host (GVH) reaction. The reactions occur in the skin, gastrointestinal
tract and liver. In severe GVH reaction liver failure occurs.
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Points to remember:

1.

Transplantation is the transfer of cells, tissues or organs from one
place to another in the same person or from one person to another.

Body recognizes foreign substances and fight against them by pro
ducing antibody or inducing cell mediated immunity.

The rejection of foreign tissues is the result of an immune response
against cell surface molecules called histocompatibility antigens.
There are three classes of MHC genes that play an important role in
the rejection.

Before doing transplantation the cells of donor and recipient should
be matched by matching blood group antigens and also histocom
patibility antigens.

The immunity of the recipient is also suppressed by immunosup
pressive drugs and corticosteroids to avoid rejection.

The most commonly transplanted organ is the kidney.
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Chapter 9.8
VACCINES (IMMUNIZING AGENTYS)

Introduction

Immunizing agents prevent the occurrence of disease by giv-
ing protection to the host. There are three ways by which one can
prevent infections. One way is by reducing the exposure to patho-
genic microorganisms. Another way is by acquiring immunity to
the particular pathogen. The third way is by using antimicrobial
agents to prevent colonization and infection.

IMMUNIZATION

It is the process by which an individual resists and over-
comes infection by acquiring resistance. This resistance can be
natural or artificially acquired. Resistance can be artificially ac-
quired by the use of immunizing agents. There are two types of
immunization:
1.  Active immunization
2. Passive immunization

Active immunization

Active immunization involves the vigorous participation of
the immune system to produce resistance. It may be achieved by
giving 1. Live attenuated vaccine, 2. Killed/inactivated vaccine,
3. Toxoids, 4. Recombinant DNA vaccine, 5.Synthetic peptides,
6. Internal image antibody or by 7.DNA vaccines.

Live attenuated vaccine

Administration of live attenuated vaccine generally results
in subclinical or mild clinical illness to limited extent. It provides
both local and durable humoral immunity. It also induces cell me-
diated immunity.
Killed or inactivated vaccine

Killed or inactivated vaccine gives immunogenicity with out
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infectivity. It generally results in antibody production and the CMI is
not induced.
Passive immunization

Passive immunization involves administration of preformed
antibody obtained from humans or animals those have been actively
EXAMPLES OF AGENTS USED FOR ACTIVE IMMUNIZA-
TION

Bacterial Vaccines Type Administration

Frequency

Typhoid vaccine (TAB) killed organisms S/C in two doses

Cholera vaccine killed S/C 6 months

Plague vaccine killed S/C in 3 injections,
o5 ml 1 week apart

BCG Live attenuated I/M soon after birth

Tetanus/diphtheria Toxoid I/M infancy & childhood.

Adults every 10 years
Viral Vaccines
Poliomyelitis Live attenuated oral polio vaccine
Inactivated injectable vaccine

Mumps/measles/rubella Live attenuated S/C once

Yellow fever Live attenuated S/C once /10 year

Hepatitis B Inactivated I/M 3 doses

Passive immunization is carried out in the following infections
In Bacterial Infections

1. DIPHTHERIA  Diphtheria antitoxin I/M or I/V 10,000 to100,000U
2. TETANUS Tetanus immunoglobulin  (TIG) /M 250U
3. PERTUSIS Pertusis I/M 1.5 ml at an interval
immunoglobulin of 5-7 days
4. BOTULISM Botulinum antitoxin I/Morl/V
Viral Infections
1. RABIES Human rabies immunoglobulin I/M two doses
2. HEPATITISB  Hepatitis B immunoglobulin I/M two doses
3. MEASLES Immunoglobulin ™
4. VARICELLA- Hyperimmune serum
From immunized donors /M
5. EBOLAVIRUS Serum from convalescent
persons ™
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Vaccines : Vaccines are live or killed microorganisms or their prod-
ucts, which are used for immunization. There are different kinds of
vaccine known. They are killed/inactivated vaccines, live attenuated
vaccine, Sub unit vaccine, Recombinant DNA vaccine, Synthetic pep-
tide vaccine, Internal image antibody vaccine, or DNA vaccine.

Killed/inactivated vaccine: This type of vaccines are prepared by
killing the microorganisms by heat, formalin, alcohol, phenol, U-V light
or Beta propiolactone. Any one of these methods inactivates the mi-
croorganisms. Examples of inactivated vaccines are TAB vaccine for
enteric fever (Bacterial vaccine) and Salk polio vaccine (Viral vaccine).

TAB vaccine : TAB vaccine contains 1000 million S. typhi, 750
million S. paratyphi A and S. paratyphi B in 1 ml. These organisms
are killed by heating at 50-60°C and preserved in .5% phenol. The
vaccine is given in two doses of 0.5 ml subcutaneously at an interval of
4-6 weeks. In India, TAB vaccine has been replaced by the divalent
typhoid-paratyphoid A vaccine eliminating paratyphoid B that is very
rare in the country.

Advantages of killed vaccine :Killed vaccines are safe because they
do not revert back to live or virulent forms

Disadvantages of killed vaccines : 1. Immunity lasts for short pe-
riod of time 2. Booster dose is required.

LIVEATTENUATED VACCINES

Attenuation: It is the loss of virulence of microorganisms that they are
antigenic but not pathogenic. Attenuation can be done by passage of
the microorganisms through unfavorable hosts, repeated culturing in
artificial media, growing them at high temperatures, growing in pres-
ence of weak antiseptics, desiccation (drying), and by prolonged stor-
age of culture. Attenuated organisms are antigenic but not patho-
genic. Example: BCG (Bacillus Calmette, Guerin)

BCG vaccine: This vaccine is prepared from a strain of Mycobacte-
rium bovis. This M.bovis is attenuated by 239 serial subcultures in glyc-
erin bile potato medium over a period of 13 years. Injection of BCG
leads to dissemination and multiplication of the bacilli in different organs
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with the production of small tubercles. Within a few weeks the bacilli
stop multiplying although they survive in the tissues for an indefinite
period of time. The lesions do not spread but instead disappear slowly.
This self-limited infection induces delayed hypersensitivity and immu-
nity (CMI).

COMPARISON OF LIVE AND KILLED VACCINES

Characteristics Killed/ Inactivated Live attenuated

Immunity Strong and appropriate | May be weak

Booster Doses Required Both humoral and CMI are
induced at the site where
the immunity is required.

Adjuvants required Not required

Safety Safe if side effects Not safe in

checked immunocompromized

persons

Spread Nil Vaccine strain spreads in
the community

Advantages of live attenuated vaccines
1. Immunity lasts for several years.
2. Booster doses are not necessary
Disadvantages:

The live organisms may revert to virulent forms
TOXOIDS

Toxins when treated with formalin is converted into toxoid which
retains the antigenicity but loses its toxicity.

Tetanus toxoid and Diphtheria toxoid are used routinely for im-
munization.
Points to remember:

Vaccines are used to protect individuals from infections. Both live and
killed vaccines are used. Both of them have advantages and disadvan-
tages.
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Section - 1

GENERAL MICROBIOLOGY

Evaluation
Part I (Objective types)

Division A : Choose the correct answer

1.

The discovery of the microbial world of ‘animalcules’ was
made by -

a. Robert Koch.

b. Edward Jenner.

c.  Anton Von Leeuwenhoeck.
d. Fleming.

The theory of spontaneous generation finally was disproved
by the work of —

a. Jenner & Koch.

b. Redi & Spallazani.

c. Flory & Chain.

d. Pasteur & Tyndall.

The system of antiseptic surgery was developed by
a. JohnTyndall

b. Joseph Lister

c. Louis Pasteur

d. Robert Koch

Postulates to establish a causal relationship between a
specific microorganism and a specific disease were laid down
by
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a. JacobHenle

b. Theodore Schwann
c.  Felix Pouchet

d. Robert Koch

The fermentation of beer and wine by yeast was demonstrated
by

a. JohnNeedham

b.  Franz Schulze

c. Francesco Redi

d. Theodore Schwann

The credit of making a compound microscope goes to
a. Robert hooke

b. Zaccharias

c. Knoll

d. Zemike

Unstained Treponema pallidum is seen through
a.  Phase contrast microscope

b.  Electron microscope

c.  Dark field microscope

d.  Fluorescent microscope

Complete detail of living cell is detectable under
a.  Phase contrast microscope

b.  Electron microscope

c.  Dark field microscope
d

Fluorescent microscope
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10.

I1.

12.

13.

Light microscopes have a resolution of

a. 0.lum
b. 02um
c. 0S5um
d. 0.8um

Fluorescent microscope is used in medical microbiology to

observe pathogens such as

a. Treponema pallidum

b. Mycobacterium tuberculosis
c.  Staphylococcus aureus

d. E.coli

Micro organisms may be controlled by
a. Removal

b.  Inhibition

c. Killing

d. Alltheabove

Which of the following is not a heavy metal?
a. Mercury

b.  Chlorine

c. Silver

d. Copper

The concentration of hypochlorite used should provide atleast
a. 0.1 ppm of residual chlorine

b. 0.5 ppm of residual chlorine

c. 1 ppm ofresidual chlorine

d. 0.01 ppm of residual chlorine
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14.

15.

16.

17.

18.

Copper sulphate is more effective against
a. Algae

b. Fungi

c. Bacteria

d. Alltheabove

Which of the following is Quaternary ammonium salt

a. Copper sulphate
b.  Silvernitrate
c. Cetrimide

d. Ferric chloride

A collective term to define all the organized essential
chemical changes that occur in a living cell is -

a. Metabolism
b. Catabolism
¢.  Anabolism
d.  Glycolysis.

The process of splitting of sugar to derive energy is a type of
catabolism of glucose widely occurring in microorganisms,
plants and animals is —

a. Respiration
b. HMP shunt
c.  Glycolysis

d. Digestion

TCA cycleis also known as
a. Kreb’scycle

b. Citricacid cycle

c.  Amphiboliccycle

d. Allthe above
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19.

20.

Enzymes are produced by

a. Microbes

b.  Animals

c. Plants

d. Alltheabove

A substance acted upon by an enzyme is called
a. Cofactor

b. Coenzyme

c.  Substrate

d. Holoenzyme

Division B : Fill in the blanks:

1.

Some fungi are single celled like and some

are multicellular.

are single celled, unicellular eukaryotic
microorganisms with atleast one nucleus and numerous
intra cellular structures.

drastically decreased child birth deaths
by antiseptic techniques and practices.

prepared rabies vaccine by injecting the

pathogen into rabbits.

On July 6, 1885 Pasteur tested his pioneering rabies
treatment on for the first time.

The condenser in a dark field microscope contains an

Phase contrast microscope was first described by
Fluorescent microscope exposes a specimen to

If a specimen does not have natural fluorescence it has to be
stained with a fluorescent dye called
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10.

I1.

12.

13.

14.

15.
16.

17.

18.

19.
20.

21.
22.
23.
24.
25.

26.

is a complex and highly advance

microscope.

Ultra violet radiation includes rays of wave
length.

Sterilization with gamma rays is also known as

The credit of introducing antiseptic agents goes to

is used to prevent the gonococcal
infection of eyes of new born.

Dilute solutions of carbolic acid is

Metabolism comprises of and

is an energy yielding reaction in anaerobes
occurring in the absence of oxygen.

is the most important high energy
transfer component found in the cell.

In respiration glucose is oxidized to

molecules are formed per molecule of

NADH, oxidized.
argued for the one of the antiseptic techniques.
discovered Petri dish.

Pure culture was developed by

Anthrax bacilli was identifiedby __

developed a porcelain filters to remove bacteria from
water in 1884.

Phagocytosis wasidentified by
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Division C : Match the following:

L

IL.

II.

1.

A

el e

IS e

A T Ul

Spherical bacteria A. Tyndallization
Sterilization technique B. Swan necked flask
Spontaneous generation C. Cocci

Agar D. Tobacco Mosaic Virus

Dmitri Iwanoski E. Fannie Hesse

Dark field microscope ~ A. UV

Cone of light B. Electron microscope

Fluorescent microscope  C. Phase contrast microscope

Knoll and Ruska D. Scanning electron
microscope

Photographic plate E. Treponema pallidum

Fungicide A. gammarays

Oligodynamic action B. Copper oxychloride

Malachite green C. fumigation

Ethylene oxide D. metals

Cold sterilization E. Gram positive bacteria

Exoenzyme A. organic group

Endoenzyme B. metal ions

Apoenzyme C. intracellular enzymes

Coenzyme D. protein portion

Cofactors E. extracellularenzymes

Edward Jenner A. Antiseptic theory

Lister B. Cell

Antonie von Leevanhoek C. Vaccine

John Tyndall D. Animal Cules

Robert Kock E. Spore formation
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Part II -- (Very short answers -- Two marks questions)

A T AU o S e

— = e = e
A N

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

26.

Describe the size range of microorganisms.

Define viruses.

What is theory of Spontaneous generation?

What s tyndallization?

What is attenuation?

Who were involved in making the compound microscope?
What are the types of electron microscope?

Draw the path of light in dark field microscope.

What are the types of microscope?

Give two uses of fluorescent microscope.

Why microbial control is necessary?

What are antiseptic agents? Give examples.

What are bactericidal agents? Give examples.

What are the uses of different wave lengths of UV rays?

What are the methods used for the evaluation of
antimicrobial action?

Define Metabolism

Define Anabolism

Define Catabolism

Define Glycolysis

Define Fermentation.

Who was the first person to see microorganisms ?

Define spontaneous generation.

What is the gene theory of disease ?

Define infectious disease.

What is chemotherapy ?

When was the golden age of microbiology ?
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27.
28.
29.
30.
31.
32.
33.

Why is the study of microbiology is important ?
What is the antiseptic theoray ?

Define Immunology.

What is an Antibiotic ?

What is an attenuated culture ?

Who discovered the antibiotic streptomycine ?

Who has suggested the use of agar-agar for culture media ?

Part I1I -- (Short answers -- Five marks questions)

1.
2.

10.
I1.

12.

State the Koch’s postulates.

What are the contributions of Leeuwenhoeck to
microbiology?

Elaborate phase contrast microscope.
What are the basic steps involved in electron microscopy?

Write a short note on the control of microorganisms by
radiation.

List out the methods of controlling microorganisms with
suitable examples.

Write a short note on Fermentation.
Enzyme regulation by feed back inhibition

How did Pasteur’s famous experiment defeat the theory of
spontaneous generation ?

Discuss Koch contribution to the field of microbiology.

Discuss the major contribution to microbiology by Alexander
Fleming.

Explain John Tyndall’s contribution to disprove the theory of
spontaneous generation.
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Part IV -- (Essay type -- Ten marks questions)

1.

2.
3.
4

Elaborate on the work of Louis Pasteur.

Elucidate electron microscopy.

How will you evaluate the antimicrobial action of a disinfectant?
Describe the Embden-Meyerhof pathway.
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Section - |1
ENVIRONMENTAL MICROBIOLOGY

Evaluation
Part | (Objectivetypes)

Question A : Chooseand writethecorrect answers:

1.

TheWorld Environment Day iscel ebrated every year on
a) Shaly b) 5NApril

o 5MJune d) 5hMay
Theprincipleinvolvedintheair sampler Hesse’stubeis
a) Centrifugd action b) filtration

c) sdtlingunder gravity d) impingement

Droplet nuclei are significant in the transmission of the
diseases of

a) digedivesysem b) nervoussystem
C) reproductivesystem d) respiratory system

Air-borneinfectionsaretransmitted mainly by

a) aerosolsfrom person to person

b) inhdingsporesor hyphd fragmentsfrom soil

c) drinking contaminated water

d) objectssuchashandkerchiefsthat are contaminated
with respiratory secretions.

Primary treatment of sewage removes which per cent
of BOD?
a b5-10
c) 20-25

b) 15-20
d) 30-40
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10.

11

Which of thefollowing isnot an aerobic process?
a) Activateddudgeprocess b) tricklingfilter
c) dudgedigegtion d) oxidationpond
Copper isused inwater treatment asa
a dignfectant b)
c) indicator
Which of the following treatments removes phosphates and
nitratesfrom sewage?

coagulant
d) noneof theabove.

a primay b) secondary

C) tetiay d) digester

The BOD roughly measured the amount of ———in
water?

a) degradableorganic materia
b) degradableinorganic materid

C) Oxygen

d) dltheabove

Themajor purpose of primary sewagetreatment isto
a) reducetheBOD b) removepathogen

c) removemany of the suspended and floating particles
d) oxidizetheorganic constituents

Thehighest percentage of gaspresent intheatmosphereis
a CO, b) O, o N, d) SO,

Division B : Fill in theblanks

1

The first United Nations conference on Environment and
Development held at Sewdenintheyear ———.

Inthe environment biochemica changes occur dueto
Widdy used coagulant in water treatment is

Tertiary treatment in sewage treatment is also known as
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5.
6.

Thetricklingfilterisemployed for trestment.

Sludge as a fertilizer is recommended as a source of

Divison C: Match thefollowing

o b w D PE

Faecd coliforms a) fetilizer

Cholera b) arborne

Droplet nuclei c) highorganiccontent
Sudge d) contaminated water
BOD €) indicator

Part 11 -- (Very short answer s— Two marksquestions)

1
2.
3.

N o g bk

Defineair pollution.
Defineagrosol.

Mention twoimportant air borne diseasesand their causative
agents.

M ention two important methods of composting.
Definecomposting.
Definebiogas.

Mention two important organisms responsible for biogas
production.

Part 111 -- (Short answer s— Fivemarksquestions)

A w D PRE

Writeashort note on environmental microbiology.
Writecritical noteson droplet, droplet, nucle.
Writetheimpact of Eutrophication.

What are the common air-borne diseases and their causative
agents?

Writethe uses of bioges.
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6.
7.

Write short notes on oxidation pond.
Writecriticd notesontricklingfilter.

Part 1V (Essay type—Ten marksquestions)

1

What are the air pollutants ? Write their sources and their
impact on human hedlth.

Mention the important methods adopted for sewage water
treatment.

What are the methods adopted for composting ? Mention the
important factorsinfluencing the compost making.

Describethe biogas production from organic waste. Mention
theorganisms, stepsinvolved in biogas production.

FOOD MICROBIOLOGY

Part |

Division A: Chooseand writethecorrect answer.

1

Thelow pH of fruitsislikely toinhibit
a) bacteria b) molds
C) Yyesss d) actinomycetes

Themost widely used sanitizing agentsin food processing area
are

a) hypochlorites

c) chlorinedioxided) ozone

b) brominewater

Which of thefollowingisresistant to decomposition ?
a) Cdlulose b)hemicdlulose
Saltsand sugar preservefoods becausethey

c)fructose d)lignin
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10.

a makethemacid b) produce a hypotonic environment
C) depletenutrients d) produceahypertonicenvironment.

The organisms most often involved in the spoilage of refrige-
rated fresh meat, poultry and eggs are the species of genus

a) Badllus b) Pseudomonas
c) Lactobacillus d) Streptococcus

Which of thefollowing biofertilizersismost suitablefor paddy
crop ?

a) Rhizobium b)Acetobacter c)Azotobacter d)Azolla

Denitrification results in the formation of
a) nitrate b)nitrite  c)ammonia d) nitrogen

The uptake of which of the following mineralsisfoundto be
enhanced by the mocorrhizae ?

a) Sulfur b)phosphorus c)cacium d) magnesium
Bacillusthuringiengsisa

a) Bidfetilizer b) Biopedticide

c) Biosurfactant d) dltheabove

Thewater activity of afood can belowered by
a) dehydration b) drying
c) freezing d) adltheabove

Division B : Fill intheblanks

Low acid foodsarereferred as

isthe first person who identified the presence
and roleof microorganismsinfood.

Food formsideal
nisns

for the growth of the microorga-

BGA can beapplied for——— crop.
Foods get contaminated during
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Preservatives are used to reduce the growth and activity of

Division C: Match thefollowing

© © N gk~ wDdNPRF

=
o

Aflatoxin ad Fermentaion

Ropiness b) food poisoning
Botulism C) padeurization

Sourmilk d) fungus

Heseting e) foodspoilage
Sorbates f) presarvatives
Travellersdiarrhoea g Shigdladysenteriae
Enteratoxin h)  Clogtridiumbotulinum
Neurotoxin i)  Staphylococcusaureus
Bacillary dysentery j) Escherichiacoli

Part |1 (Very short answer — Two marksquestions)

Definefood poisoning.
What arethe causesfor food poisoning ?

Mention two important chemicals that are used for food
preservation.

DefineHumus.

Definecompost.

Definebicfertilizer.

Define stgplefoods.

Define pasteurization.

Definechemicd preservation.

Write short noteson biogeochemica cycle.
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11. Writecritica notesonnitrification.

12. Definebiopedticide.

Part 111 (Short answer s— Fivemarksquestion)

1.  What aretheobjectivesof food preservation ?

2 Writecritical noteson ammonification and denitrification.
3. Writetheroleof biofertilizersinagriculture.
4

What are the roles of mycorrhizae in Agriculture ? List out
important biopesticides. Explain the role of Bacillus
thuringiensisin controllingthe pest.

Part IV (Essay type— Ten marksquestions)

1.  What aretheprinciplesof food preservation ? Mention differ-
ent methods of food preservation for vegetablesand fruits.

2.  Draw aschematic diagram of nitrogen cycleand mention the
important stepsand organismsinvolvedinit.

3.  Describethedecomposition of organic matter indetail.
4.  Describethesulphur cyclewith neat diagram.
5. Writeshort notes on Azollaand cyanobacterium. Writetheir

importanceinagriculture.

INDUSTRIAL MICROBIOLOGY

Division A : Chooseand writethecorrect answer :
1.  Which of the following is an example of crude medium

component ?
a) Cornseepliquor b) Molasses
c) Soybean med d) Alltheabove

2. Impdlersusedinfermentation helpsin
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a Aedion b) antifoaming

C) ajitation d) absorption
3. Winecan beproduced by the fermentation of

a) Beries b) Grapes

c) Honey d) Alltheabove

4.  Whichof thefollowingisusedfor theproduction of wine?
a) Aceicacidbacteria b) Lacticacidbacteria
b) propionicacidbacteria €) Yeadts

5.  Citricacidisrecovered by adding
a Cdciumandsulfuricacid
b) caciumandhydrochloricacid
c¢) Sodiumandsulfuricacid
d) Sodiumandhydrochloricacid

6.  Themaximumnumber of microorganismsispresentin

a) lagphase b) logphase
C) dationery phase d) declinephase

7. Inpreservation of industrially important culture
method provideslonger periods.

a) Storageagar dope

b) storage under liquid nitrogen
c) Lyophilization

d) altheabove

Division B : Fill in theblanks

1.  The growth phase of microorganisms passes through many
stagesin——— culture.

2. ——— isthe natural source for isolating high yielding
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Speciesof microorganisms.

In any systematic screening screening is strictly

essentid.
Theexamplefor primary screening procedureis
Auxotrophic mutants aremeant for

Division C: Match thefollowing

1.  Sodiumbenzoate a) Antibictic
2. Pendllin b) Absorption
3. Wine C) Citricacid
4. Organicacid d) Yeast

5.  Immobilizationtechnique e) Presarvative

Part 11 - (Very short answers— Two marksquestions)

© g s~ w D PP

Definesolid culture.

Definebatch culture.

Defineprimary screening.

Definelyophilization.

Defineantibiotic.

Mention two important characters that are required for
industridly important microbes.

Mention two important methods to select industrially
important microbes.

Part I11 - (Short answer —Fivemarksquestions)

1.
2.

Ligt outindustridly important microorganisms.

Describethe primary screening methodsto select industrially
important microbes.

Writecritical noteson continuousculture.
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4.
5.

What aretheraw materia srequiredfor penicillin production?

What arethe methods adopted to preserve microbial culture?
Explainthestorage agar dopemethod in detail.

Part IV (Essay typeanswer — Ten marksquestions)

1

What arethe methods adopted to select industrially important
microorganisms?

Explain how will you improve the strain for industrial
pUrposes.

Write the organisms, raw materials, industria production of
penicillin. What arethedifferent typesof penicillin?

List out important organic acids. Explain industrial
production of citricacid.

Describetheindustrial processinvolved inwine production.
Writethedifferent typesof wineand their a cohol percentage.

Define immobilization. Explain the different techniques of
immobilization and write the advantages of immobilization
techniques.
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Section - 111

MEDICAL BACTERIOLOGY
Evaluation
Part | (Objectivetypes)

Division A: Choosethebest answer:

1.

Fimbrial adhesins are seen in which of the following
organisms?

a Ecodi
c. N.meningtidis

b. N.gonorrhoeze
d. Alltheabove

Adhesion of Streptococcus pyogenesto pharyngeal epithelia
cdll ismediated by which of thefollowing?

a. Fimbrice b. Lipoteichoicacid
C. Lipopolysaccharide d. flagdla

A toxin which has pyrognic activity isassociated with which
of thefollowing?

a. Exotoxin b. Enterotoxin
c. Endotoxin d. Alltheabove

Whichtypeof coloniesis produced by staph aureuson blood
agar?

a. dphahaemolysis b. betahaemolysis
€. gammahaemolyss d. Alltheabove.
Staphylococci areseen as:

a. Chans b. Clugers

c. Twisedforms d. coneshape
Staphylococci are:

a. Gramnegdive b. Grampostive
c. Gramvaiable d. Alltheabove
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10.

11.

Coagulaseisproduced by:
a. S aureus

b. Sepidermidis

c. S.saprophyticus

d. Shemoalyticus
Streptococci are seen as.
a. Clugers

b. chans

c. longrods

d. clubshapedform
Streptococci are:

a. Gram positivecocci
b. Gram negative cocci
c. Grampodtivebacilli
d. Gramnegativebecilli

A zone of complete clearing of blood around the coloniesis
called:

a.  Alphahaemolyss

b. Betahaemolyss

c. gammahaemolyss

d. Alltheabove

Lancefield groupingisbased on:
a.  Antigenicdifference

b. Structurd difference

c. differenceinhaemolyss

d. differenceinchainlength
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12.

13.

14.

15.

16.

HyauronidaseisanenzymeWhich actson
a. Cdlsurface

b. intercdlular cement substance

c. cytoplasm

d nudecacid

Which of the following major antigens is involved in
Rheumaticfever episodes?

a. flapdlin
b. Myosn
c. dbumin
d. gobulin

Necrotizing fasciitis is caused by which of the
falowing?

a. Staph.aureus

b. Str.pyogenes

c. C.diphtheriae

d. Clogridiumtetani
Shigellaeare Gram negative
a. cocci

b. badlli

C. spirds

d. commashaped

Shigdlaearesubdividedinto
a. twospecies
b eghtspecies
c. fourspecies
d. gxspecies
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17. Shigdlaecause

18. E.coli present in the human intestine represents which of the

a.  amoebicdysentery
b. bacillary dysentery
c. darhea

d. cditis

following?

a  Mutudism

c. Trandentflora

Pargtism
carier

19. Diphtheriatoxinactsonwhich of thefollowing?

a.  Nudecacidsynthess
b. Proteinsynthess
c. lipidsynthess
d. Alltheabove
20. Vibriocholerae are-
a.  Gramnegativerods.
b. Grampostiverods.
c. Gramnegativecurvedrods.
d. Gramvariablerods.
21. Vibriosare-
a.  Moatilebysngleflagelum
b. Motilebytwoflagdla
c. Motilebytenflagela
d. Motileby moreflagella
22. Thesomaticantigenis-
a Oantigen.
c. Fantigen.
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H antigen.
K antigen.



23.

24,

25.

26.

27.

28.

29.

Thestool of cholerais-

a.  Bloodwithmucous. b. Rice—water stool.
c. Watery stoal. d. Normd stool.
Clogridiumtetani isa

a. Grampodtiverod b. Gramnegativerod
c. Grampostivecocci d. Gramnegativecocci
How many typesof toxinsare produced by C. tetani?

a 2 types b. 5 types

c. 4 types d. 7 types

Clogtridiumtetani growsin:

a.  Thepresenceof oxygen

b. intheabsenceof oxygen

c. bothin presenceand absence of oxygen
d. presenceof carbondi oxide

Clogtridiumbotulinumisagram postiverod with:

a  Termina round spore.

b. Terminal ovd spore.

Cc. Sub-termina round spore.

d. Sub-termina oval spore.

Clogridium botulinumismotilewith:

a  Sngeflagdium b. Tuftof flagdla
c. Pei-trichousflagdla d.
C. botulinumgrows:

Noflagela

a.  Inthepresenceof oxygen
b. Intheabsenceof Oxygen
c. Inthepresenceorinthe absenceof oxygen
d. All of theabove.
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30.

C. botulinum sporesare—
b. Roundsub-—termind
d. Ovad sub—terminal.

a Roundtermind
c. Ovdtemind

Division B : Fill intheblanks.

1

o1

13.

14.

15.

Adhesion of Streptococcus pyogenes to pharyngeal
epithelid cellsismediated by

Colonization of Ps.aeruginosato respiratory epithdia cells
isaidedby————
of Streptococcus pneumoniaeinhibit

phagocytosis
M protein of Streptococcus pyogenesinhibits——

Bacteria cell wall bound toxic polysaccharide is known
as

Incommensalism dedlt to either partner
Prepuberty vaginal pHis————

Onblood agar S.aureus produces——— colonies
For MRSA strains——— isthedrug of choice
Betalactamase splits molecule

Pealing of squamous epithelial cells is caused by—
of S.aureus.

————isinvolved in the development of dental
caries

Specific acquired resistance to Streptococcus pyogenes is
given by antibodiesto

The enzyme
exudates

liquifies viscous

People harbor C.diphtheriae after an attack of the
diseaseas——
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16.
17.

18.
19.

20.

21.
patch
22,
23.
24,

25.
26.
27.

28.

29.
30.
31
32.
33.
34.

Resistance to diphtheria depends on the availability of
in the blood

Diphtheria spreads from one person to another by

Diptheriatoxininactivates

In diphtheria a grayish is formed over

pharynx
The toxin produced by Sh. dysenteriae is called

The site of Shigellainfection is in the Peyer’s

ES.

Bacillary dysentery spreadsby the route.
Thebacillary dysentery stool mainly consistsof

Shigella flexneri causes
inman

Thetoxin produced by cholerais
Two biotypesof V. choleraeare

The choleratoxin consists of and
ubunits

Cholera stool specimens are collected and inoculated into
water

Theflagdlar antigenare antigens
Oxygenlabiletoxin of Cl.tetani iscalled
Theneurotoxin of Cl.tetani isknown as
Therelease of Isprevented by tetanustoxin
Thedtiffnessof Jaw seenintetanusiscalled
The tetanus bacilli with spores give the appearance of
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35.
36.
37.

38.
39.
40.
4]1.

42.
43.
44,

45.

C. botulinum causesthe disease

C. botulinum produces typeof toxin.
Among the 7 botulinal toxins, are
theimportant ones.

C. botulinum produces a potent infood.
Botulinal toxin produces paralyss.
Chlamydiaeareobligate bacteria

As Chlamydiae have limited metabolic capacity they are
cadled—— parasites

Chladydia inclusonsareseenin

Chlamydiareplicateswithin of thehost cell.
The infectious particle of C. trachomatis is called

Chlamydiadividesrepeatedly by

Part |1 (Very short answers-- Two marksquestions)

g~ L DdpPE

Statethe nature and action of endotoxin

Statethe characteristicsof resdent flora
Givecharacteristics of transient flora

How does normal floracompetewith pathogens

What will be the result of interaction between parasites and
hosts?

What is alpha haemolysis? Give examples of organisms

producingit

What is beta haemolysis? Give examples of organisms

producingit.

What arethe sources of infection of Staphylococcusaureus?
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10.

11.

12.
13.
14.
15.

16.
17.

18.
19.

20.
21.

22.

23.
24,
25.
26.
27.
28.
29.

What istheaction of exfoliativetoxin?

Which is the important test to identify S.aureus? Explain in
two sentences

Why repeated episodes of Str.pyogenes infection increase
theseverity of rheumaticfever?

Explain the propertiesof M proteins
Explainthepropertiesof M likeprotein
Describethe haemolytic acitivity of Str.pyogenes

What is gamma haemolysis? Give examples of organisms
producingit.

Describethe characteristicsof C.diphtheriae.
Describethe growth characteristics of C.diphtheriae.

Statethe composition of pseudomembrane.

State the chraracteristics of pseudomembrane seen in
diphtheria

Givethecharacteristicsof Samondla.

What are the four species of genus Shigella? On what basis
they aredivided?

Whichisthe solid medium used for thegrowth of vibrios?
How dothecolonies appear?

Describevibrios.

Givethestructureof tetanusbacilli

Where arethetetanus sporesfound?

How ispassiveimmuni zation donefor tetanus?
Describethe characteristicsof C.botulinum spores.
Statethemorphol ogicd characteristicsof C. botulinum.

Givealist of diseasesproduced by Chlamydiatrachomatis
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30. Givealigt of diseasesproduced by Chlamydiapsittas
31. Statethecharacteristicsof Elementary body of Chlamydiae.
32. Tabulatetheimmunotypesof Chlamydiae.

Part 111 -- Short answers-- Fivemarksquestions
Describethe properties of capsule

Describethe properties of adhesins

What all thefactorsthat contributeto bacteria virulence?
Describethe characteristicsof vagind flora
Explaintheroleof normal florawith example

o g &~ wbd

What are the different types of infections produced by

Staphylococci?

7.  What are the specimens collected for the diagnosis of
Staphylococcd infections?

8.  Write short notes on the treatment of Staphyococcal
infections

9. Listandexplainthecharacteristicsof enzymesof str.pyogenes

10. Describeinvasivesoft tissueinfectionsdueto Str.pyogenes

11. DescribeAGN anditsmechanism of pathogenesis.

12. Describe thepathogenesisof Diphtheria

13. Describethepathological featuresobservedindiphtheria

14. DescribetheClinicd manifestationsof diphtheria

15. What are the different clinical syndromes produced by
Sdmond|a?

16. What are theclinical featuresof bacillary dysentery?
17. Writeshort noteson shigatoxin.
18. Write briefly about laboratory diagnosis of bacillary
dysentery.
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19. Writeshort noteson genera charactersof vibrio.
20. What arethecdlinical manifestationsof cholera?
21. HowisV.choleraediagnosedinthelaboratory?
22.  Writeinshort about thetreatment of cholera

23. Describetheclinicd featuresof tetanus

24. Explanthelaboratory diagnosisof tetanus

25. Giveanaccount of treatment of tetanus

26. Describethetoxinsof C. botulinum

27. Describethedinicd feasturesof Botulism

28. How isbotulism diagnosed inthelaboratory.

29. Describethereproductionin Chlamydia

30. Describe the characteristics of different antigens of
Chlamydia

31. Describethecharacteristicsof inclusonsof chlamydiae

Part IV (Essay Type-- Ten marksquestions)
1.  Explannontoxicdeterminantsof bacterid virulence

2.  Describe the mechanisms by which bacteria enter the
human body to cause disease.

3. Describe norma microbia flora of human body and their
role .

4.  List the toxins and enzymes produced by S.aureus and
explantheir actions.

5.  Give the details of the infections produced by Staphy-
lococcusaureusand their symptoms,

Describeinvasive soft tissueinfectionsdueto Str.pyogenes.

Describe post streptococcal sequelae and their mechanism
of pathogenesis.
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10.

11

12.

13.

14.
15.
16.

17.

Describein detail the prophylaxisof diphtheria

Write in detail about the clinical features and pathogenesis
of bacillary dysentery.

Discuss the source, spread and control of Bacillary
dysentery.

Writein detail about pathogenesis, structure and function of
choleratoxin.

Give adetail account of tetanus toxin and its mechanism of
action

Describe the epidemiology, prevention and control of
tetanus

Explain different typesof botulismwithclinica festures.

List thedifferences between e ementary and reti cul ate body

Describe the etiology, pathogenesis and laboratory
diagnosisof Trachoma

Describethelaboratory diagnosisof Mycoplasma.
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4.  T.bruce gambiens ispresent inwhich place?

a Eagenindia

Section - 1V
PARASITOLOGY, MYCOLOGY, b. SouthIndia
VIROLOGY & ZOONOTIC DISEASES o WetAfrica
Evaluation

Part | (Objectivetypes) d. Alltheabove.

Division A: Choosethebest answer: 5. T.bruce rhodesienseis presentinwhich place?

1. KaaAzariscaused by a MiddleEast.

a  Trypanosomabruce. b. SoutheastAsa

Leishmaniadonovani. c. EegtAfrica

c. Bacteroidesmeaninogenicus. d. SouthAmerica

d.  Listeriamonocytogenes 6.  Inwhich partof theworld T. cruzi ispresent?
2. L.donovani wasfirst cultivated by a Audrdia

a  Rogers b. SouthAfrica

b. Leishman. c. SouthAmerica

c. Donovan. d. Southindia

d. RobertKoch. 7. When the sexually mature adults are present in a host, that
3. L.donovani istransmitted by hostiscalled

a Ticks a  Intermediate hodt.

b. Sandfly. b. Ddfinitivehos.

c. Mosquitoes. C. Paratenichost.

d. RatFlea d. Normal host.
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10.

11.

Which of thefollowingisthehabitat of adult F. hepatica.

a Lungs.
b. Intestine
c. Liver

d. Bran.

T. soliumisotherwisecdled

a  Beef tapeworm.
b. Pork tapeworm.
c. Roundworm.

d. Noneof theabove.

A tapeworm segment iscalled

a.  Proglottid.
b. Epiglottis
c. Both

d. Noneof these.

Thehead of tapewormisotherwisecalled

a Scolex.

b. Proglottid

c. Bran

d. Alltheabove.
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12.

13.

14.

15.

Theadult tapeworm livesinthe human
a Smdlintestine

b. Lageintesine

C. Rectum
d. Alltheabove.

Thewormscanliveupto

a  25seconds.

b. 25minutes.

c. 25days.

d. 25years.

Candidais.

a Anyeast

b. Yeastlikefungus

c. Mould

d. Bacteria
Candidaabicansproduces:
a Spores

b. Capaule
c. Psaudomycdium

d Alltheabove
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16.

17.

18.

19.

20.

Candidagtans.

a.  Grampodtive

b. Gramnegaive

c. Gramvaiable

d. Acdfast
Cryptococcusisa-

a Non-—capsulated yeast cell.
b. Capsulated yeast cell

c. Mucouscoated yeast cell.
d. Uncoveredyeast cdll.
Cryptococcosisisseenin—

a.  Tuberculogspatients.

b. Feverpatients.

c. AIDSpatients

d. Nopatients.

The mycetomacausing agentsare of

a) 4types b) 2types

¢ 3types d) Stypes

M ecetoma caus ng agents enter through

a@ mouth b) nose

c) eye d) minortraumaontheskin
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21.

22.

23.

24,

25.

26

27

Thegenomeof Herpesvirusismade up of

a SSDNA b. SSRNA

c. DSDNA d. DSRNA

Herpesviruseswith ashort replicating cycleandfast growth are
classfiedas

a. BetaHerpesvirus b. AlphaHerpesvirus

c. Fastviruses d. GammaHerpesvirus
Genital herpesiscaused by

a HIV-1 b. HSV-1

c. HSV-2 d. HIV-2

Herpesfibrilisor fever blistersin fever patientsisdueto

a.  Primaryinfection b. Vird replication
c. Vird reactivation d. Noneof theabove

Multinucleated giant cellsseenin Herpesvirusinfectionsarecadled
as

b. Cancercdls
d. Alltheabove

a Tzanck cdls
c. Cluecdls

. HepatitisA virusbe ongsto thefamily

b. Cdiciviridee
d. Hepadnaviridee

a.  Picornaviridee

c. Reroviridee

. HepatitisA and E aretransmitted via

b. Needlestick

d. Animd bite
344

a  Sexud contact

c. [Feco-ora route



28.

29.

30.

31

32.

33.

HepatitisB virusbeongsto thefamily

a  Picornaviridee b. Cdidviridee

c. Retroviridaee d. Hepadnaviridee

HIV belongstothefamily

a Cdidviridee b. Haviviridee

c. Reroviridee d. Reoviridee
Thegeneticmaterial of HIV is

a. doublestrandedDNA  b. Singlestranded DNA
c. DoublestrandedRNA d. Singlestranded RNA
HIV attachesto the CD4 receptor of

a  T-hdperlymphocytes b. Padets

c. Bcdls d. RBC

By which of thefollowing methodsAIDSisnot spread

a Bloodtransfuson

b. Sharingof needles

c. Shakinghandswithinfected persons

d. Sexud contact with infected persons.
Brucdlaorganismsare

a.  Gramnegativebacilli b. Gram negativecocci

c. Gramposgtivebadilli d. Gram pogtivecocci.
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34. Brucellaspeciescauses

35.

36.

37.

38.

39.

a. Typhoidfever b. Undulant fever

c. Rabitefever d. Vird fever

Thenamegivento brucellosisin early dayswas

a Madtafever b. undulantfever

c. Typhoidfever d. Ratbitefever
Lymediseaseiscaused by

a.  Borrdiaburgdorferi. b. Leptospirainterrogans.
c. Chlamydiapdttecii. d. Alltheabove.
Lymediseaseistransmitted by the bite of

a Sandfly. b. Ticks

c. Mosuitoes. d. Culex mosquitoes.
Borrdliaburgdorferi iscultivatedin

a EMJIHMedium. b. BHI broth.

c. BSKmedium d. NNN medium.

In Lymedisease, ared maculeor papulethat expandstoforma

largeannular lesioncalled

a Psoriasis. b. Erythemamigrans
c.Migraine. d. Larvamigrans.
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40.

In Lyme di sease meningoencephalitis, myocarditis and chronic
arthritisareseenin

a Untreated individuals.
c. Treated individuals

b. Initial stages of infection.
d. All the above.

Division B : Fill in theblanks

1

10.

11.

12.

L. donovani is present as form in vertebrate

host.

medium is used in the cultivation of L. donovani.

L donovani was first discovered in the year

T. brucel gambiense is endemic in

T. brucel rhodesiense killsitsvictimin

Thereservoir of T. brucei rhodesiense [Rhodesian
trypanosomiasis is

Larval stages may survive but do not develop in
host.

Intermediate hosts are those in which one or more
asnecessary part of thelifecycle.

F. hepatica inhabits

Taeniasis is caused by two important species,
Taenia and Taenia

Speciaised structures called
wormtothehost’s intestinal wall.

anchor thetape

Indirect
taeniasis.

test is used as a serodiagnostic test for
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
28.

Eradication of Taenia infection in humans is achieved by
and

can be concentrated from the stool by both
sedimentation and floatation techniques.

Candidaal bicans produces thick walled ———— below 26°C

Infection of theoral cavity by C.abicansiscaled————

C.albicans produces curved elongated in mammalian

serum

The Cryptococcus capsule is made up of

The disease caused by Cryptococcus is generally known as

The main form of cryptococca disease is

The specimen collected for meningitisis

Mycetoma opens out through

Eumycaotic filaments are Gram

Herpes viruses multiply inside the of the

infected cells.

Herpes simplex viruses establish latent infection in

Beta Herpes virus causes latent infection of

The shape of Herpesvirusesis

Cytomegaly isproduced by
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29.
30.
31
32.
33.

35.

36.
37.

38.
39.

40.
41.
42.
43.

45.
46.

47.

Thegeneticmaterid of HepatitisA virusis

Thegenetic materid of HepatitisB virusis

HBYV isaso known as

Deltaagent requires for itsreplication.

HIV belongsto the subfamily

The nucleocapsid of HIV hasan outer

Theexterna envelopeglycoproteinof HIV is

Thetypica courseof HIV infection spansabout years.

TheCDA4 T cell count decreasesto beforefull

blownAIDSdevel ops.
Brucdllosisisa

disease.
Brucella infection in pregnant animals leads to

Human beings get Brucellainfectionfrom

Brucellaorganism appearslike
Brucellainfected milk issafefor useafter
Brucdlawasfirst isolated by

Lyme disease is named after the town in
Connecticut, USA.

occursat thesiteof tick bite.

Symptoms suggestive of meningeal irritation may occur in
stage of lymedisease.

and are done to
demonstrate B.burgdorferi for laboratory diagnosis.
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Division C: Match thefollowing

1. T. brucei gambiense - a Reduvidbug.

2. T.cruzi - b. Sandfly.

3. L. donovani _ c.Antelope.

4. T. brucei rhodesiense - d.Glossnapalpdis
e. Aedes aegypti.

Part Il -- (Very short answers- Two mar kquestions)

1

2.

10.

11.

12.

Describethegeographica distribution of Leishmaniass.
Writeanoteon LD body.
Describethe ultrastructureof aPromastigote.

Statethe characteristicsof tsetsefly.

List themeasures adopted for the control of trypanosomiasis.

What happensto T. cruzi inreduvid bug ?
What isdirect lifecycle?

What isindirect lifecycle?

Givethe characteristics of F. hepatica egg.
What arethe causative agents of Taeniasis?
Describethestructure of Taeniasolium.

What arethedinica manifestations seeninTagniass.
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13.

14.

15.

16.

17.
18.
19.

20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.

Define Cysticercoss.
What isthetreatment for humantaeniasis?

Which characteristics of C.abicansdifferentiateit from other
candidaspecies?

WhereisCandida albicans present in the body? When doesit
causeaninfection?

Describe C. neoformansshortly.
Describethecryptococca clinica manifestations.

What are the 4 methods of identification of Cryptococcal
meningitis?

Namethetruefungi which cause mycetoma.

Name actinomycoti c agentswhich cause mycetoma.
How mycetomaistreated?

What areAlphaherpesviruses? Give examples.

What are Betaherpesviruses? Give examples.

What arethetypesof HSV?

Write short noteson Hepatitis D virus.

Writeshort noteson HGV.

Wheat arethe modes of transmission of HIV?

What arethemodesthrough which HIV isnot spread?

How do brucedlabacilli enter theblood stream?
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31.
32.
33.
34.
35.
36.
37.

Describebrucellaorganismsshortly.

Explainthespeciesof Brucdlaandtheir animals.

What islymeborreiosis?

Listtheanima reservoirsof Borrelia

What arethe specimenscollected for lymedisease ?
What arethetreatment and prophylaxisfor lymedisease ?

List thevectorsof lymedisease.

Part 11 : (Short answers-FiveMark questions)

1

© © N o O ~ W

11

DescribetheLifecycleof Leishmaniadonovani

Describeindetail the pathogenecity and clinincal manifestations
of Leishmaniasis.

Describethelifecycleand transmission of T. brucel gambiense.
Describethelifecyleof T. brucei rhodesiense.
Describethemorphology and lifecyleof T. cruzi.
Describethelaboratory diagnosisof Chaga’s disease.

Describe the characteristics of Trematodes.
Describethecharacteristics of Cestodes.
Describethelaboratory diagnosisof F. hepaticainfection.
DescribetheLife cycleand transmission of Taeniasolium.
Explainthelaboratory diagnos sand control measures of human

teeniasis.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Describethestructure of C.abicansand itsspecia forms.
What isthetreatment and prevention of candidainfections
Describethe pathogenesis of cryptococcosis.
Explainthetreatment givenin cryptococca meningitis.

Giveat least five pointsto differentiate Eumycetesfrom Actino
myceteswhich cause mycetoma.

What arethe specimens collected for thediagnosi sof mycetoma
and how arethey transported?

Write about the structure and classification of Herpesviruses.
Writeashort noteon Herpesvirusreplication.
Tabulatetheimportant characteristics of hepatitisviruses.
Writeshort noteson HepatitisC virus.
Write about the structure and classification of HIV.
What arethe secondary infectiousdiseasesinAIDS?

Write about thereplication of HIV.
Explainthepathogenesisof brucellosis.

Giveanaccount of brucellaorganismsand brucelloss.
Writeashort noteon Borrelia

How will you diagnose lymediseaseinthelaboratory ?
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Part IV - (Essay type- Ten Mark questions)

1
2.

10.
11.
12.
13.
14.
15.
16.
17.

18.

Elaborate onthe Laboratory diagnosisof Leishmaniasis.

Describethelifecycleof T. cruzi and theclinical aspectsof the
disease produced by it.

Describe the characteristics, life cycle and transmission of
F. hepatica.

Describeindetail thegenera features, lifecycle, treatment and
laboratory diagnosisand control measuresof human taeniasis.

Describein detail the pathogenesis and |aboratory diagnosi s of
candidiass
Explainindetail about thelaboratory diagnosisof Cryptococcos's.

Discussindetail thedirect examination of mycetomagranules,
their morphol ogy with diagrams.

Writein detail the pathogenesisof HSV.

Clinicd manifestationof HSV infection.

Laboratory diagnosisof HSV.

Writein detal about HepatitisA virus.

Writeabout HepatitisE virus.

Writeindetail about HepatitisB virus.

Write about theclinical manifestationsof HIV infection.
What arethe preventive measuresfor HIV infection?
Explainthelaboratory diagnosisand serology of brucellosis.

Explain in detail the epidemiology prevention and control
of brucdloss

Writeabout the pathogenecity and clinical manifestationsof lyme
disease.
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Section - V

IMMUNOLOGY
Evaluation
Part | (Objectivetypes)

Division A: Choosethebest answer:

1.

Thymusislocated inwhich part of the body?

a.  Respiratorytract. b. Thoracic cavity

c. Abdomen. d. Intesting tract.
“Nursecells” arepresent in which organ?

a Skin. b. Intestine.
C.Liver. d. Thymus

Which of thefollowing happensduring maturation of T cellsin
thymus?

a.  Changeinsizeof cdl.

b. Changeindifferentiation markers.

c. Staningcharacterigtics.

d. Allof theabove.

Exogenous antigen presentationis associ ated withwhich of the
followingMHC molecules?

a MHCI b. MHCII

c. MHCIII d. Alltheabove.
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Endogenous antigen presentation isassoci ated withwhich of the

followingMHC molecules?
a MHCI b. MHCII

c. MHCIII d. Alltheabove.

How many different types of heavy chains are seen in
immunoglobulins?

a Two. b. Three

c. Four. d. Rve

How many typesof light immunoglobulin chainsare seen?
a Two. b. Three

c. Four. d. Rve

Which antibody appearsfirst after aprimary infection?

a |IgA. b. 1gG
c. IgM. d. All the above.

Inthedirect immunofluorescencetest which of thefollowingis
labelled with fluorochromes?

a  Antigen
b. Specificantibodytoantigen
c. Antibodytoimmunoglobulin.

d. Alltheabove.
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10.

11.

12.

13.

14.

Intheindirectimmunofluorescencetest, which of thefollowingis

|abelled with fluorochromes?

a.  Specificantibody to antigen.
b.  Antibody toimmunoglobulin.
c. Antigen.

d. Alltheabove.

For labelling antibody for immunofluorescencetest, which of the

followingisused?
a.  Huorescain,
b. Huorescenelsothiocyanate.

Huoresence Carbamide.
d. Alltheabove.

o

Which of thefollowingisalivevaccine?

a TAB. b. Pertussis.

c. BCG d. Alltheabove,

Which of thefollowingisakilled vaccine?

a TAB vaccine, b.  Pertusss vaccine.

c. PhendlisedCholeravaccine. d.  All theabove.

Which of thetoxoidsis used routingly for immunization?
a.  Diphtheriatoxoid. b. Choleratoxoid.

c. E.calitoxaid. d. Pertusdstoxoid.
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16.

17.

Thereare typesof immediate hypersensitivity
reactions.

a2 b. 3. c.4 d. 5.
Type 1 hypersensitivity reaction is mediated.
a |Ige b. IgM.

c. IgG d. IgA.

Blood transfusion reaction comes under

a. Typelreaction. b. Typell reaction.

c. Typelll reaction. d. TypelV reaction.

Division B : Fill in theblanks

1
2.

Thymusinmammalsisa organ.
Immature pre-thymic cellsfrom cometo cortex
of thymus.
Cortical thymocytes are less than medullary
thymocytes.
MatureT cellsleavethethymusvia located at
cortico-medullary junction.
Post capillary venulesarelocated at junctionin
thymus.
TheT cdlschangether during maturation.
Theectoderm of formsthymic cortex.
Theendoderm of differentiatesinto thymic
medulla
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10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.

22.

23.
24,
25.
26.
27.

Flagellaaremore than polyrised flagdllin.

Increasing complexity contributesto molecules’

Very small dose of antigen may induce

Very high dose of antigen may induce

Antigenicdeterminingsteof anantigeniscdled

[_)endritic cells develop into cellsin the
tissues.

IgA ispresent predominantly in

IgE antibody israised during responses.
Cterminusof light chain contains region.

N terminusof light chain contains region.
Typhoid [ TAB] vaccinecontains organisms.
BCG contains organisms.

CMI is induced more efficiently with
vaccine,

Immunity lasts for several years when immunized with
vaccine.

Theharmful reaction of immunesystemis

Typelll hypersengitivityis mediated.
Delayed type hypersensitivity is mediated.
Hemolytic disease of thenew bornis
Glomerulonephritisisawell known disease.
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Part Il -- (Very short answers- Two markquestions)

1
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List thetypesof epithelia cellspresent inthymus.

What signalsattract stem cellsto migrateto thymus?
Definean antigen.

Statetheroleof dose of antigen anditsimmunogenic capacity.
Definean epitope.

DefineAntibody.

List themgjor classes of antibodies.

Explaintheformulafor antibody.

Statethe beneficia roleof IgE.

Define Fluoresecence.

Givealigt of fluorochromes usedinimmunol ogy.
Nametwo enzymesused in ELISA test.

What ishypersengtivity?

Classify hypersengtivity reactions.

Explan the mechanism of pathogenesisof typell reaction.
What isErythroblastosis Foetdis ?

Explain TypelV reaction.

Givethewaysby which one can prevent infectious di sease.

Definelmmunization.
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20.
21.
22.
23.
24,

DefineActivelmmunization.

Define Passvelmmunization.

Givealist of liveattenuated vaccine.

State the advantagesand di sadvantages of vaccines.

What istoxoid? Stateitscharacteristics.

Part 111 : (Short answers- FiveMark questions)

1.

>
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11.
12.

With neat diagram describe the structure of thymusand label the
variousparts.

Describe the sequential changes that occur during T cell
maturation.

Describethe development of antigen presenting cells.

Describe the structure of heavy chain of immunoglobulin
molecule

Describethedructureof light chain of immunoglobulinmolecule.
Givethecharacteristicsof IgG1.

Givethecharacterigticsof 1gG2.

Givethecharacterigticsof IgG3.

Givethecharacteristicsof IgG4.

Givethecharacterigticsof IgM molecule.

DescribelgA anditsfunction.

Comparedirect and indirect immunofluorescencetests.
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13.

14.
15.
16.
17.
18.
19.

20.
21.
22.
23.

What arethe differences between immediate and delayed type
hypersengtivity reactions.

Explanthe mechanism of angphylaxiswith diagram.
ExplainArthusreection.

Explaintuberculin typereaction with itsmechanism.
Describethe characteristicsof TAB vaccine.
Describethe characteristicsof BCG vaccine.

Describe the advantages and disadvantages of liveand killed
vaccines.

Describethe passiveimmunization for bacteria diseases.
Describethe passiveimmunization for vira diseases.
Comparethecharacteristicsof live & killed vaccines.

Describethe method by which attenuationis carried out.

Part IV - (Essay type- Ten Mark questions)

1
2
3
4.
5
6

Describethedevelopment of T cellsinthymus.
Describetherequirementsfor immunogenicity of anantigen.
List & describethe characteristicsof antigen presenting cells.
Describe exogenousantigen presentation.

Describe endogenous antigen presentation.

Describethestructural characteristicsof antibody molecule.
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10.

11.
12.

13.

14.

Givethepropertiesof Fluorochromesto beused for labelling
antibodies.

Explain direct method of immunofluorescence method.
Explanindirect immunofluorescence.

Describein detail thetechniquesand usesof ELISA test.
Discussindetall Typel hypersensitivity reactions.

Define Typell hypersensitivity reactions, their mechanism and
clinical festures.

Define delayed type hypersensitivity, classify and explainits
mechanismindetail.

Write an essay onvaccines.
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Section - VI

MICROBIAL GENETICS
Evaluation
Part | (Objectivetypes)

Division A: Choosethebest answer:

1

Which of thefollowing persons solved thestructure of DNA ?
(& Ames (b) Watson and Crick.
(¢) Nirenberg-Khorana (d) Herbert Boyer.

The genetic code consists of how many codons ?

(a) 64 (b) 32 (c) 128 (d) 16
A codon congistsof how many nucleotides?
@ 2 (b) 3 ©4 (@1

The codons were discovered by which of the following
scientigs?

(@ Marshadl Nirenberg (b) Har Gobind Khorana

(c) Philip Leader (d) All theabove

Which of thefollowingisastop codon ?

(&) UGA (b) GCU (c) CAG (d) AAG
How many sense codons are present in the genetic code ?

(a) 64 (b) 61 (c) 60 (d) 20

Which of thefollowingisinvolvedin pyrimidinedimer repair ?
(& Mismatchrepair (b) Photoreactivation

(c) Excisonrepair (d) All theabove.
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Division B: Fill intheblanks:

1.

o WD

8.
9.

10.
11.
12.

13.
14.
15.

The base sequence and the structure of DNA was solved by

The genetic code consists of codons.
A condon cosistsof nucleotides.
The codonsarewritten asappear inthemRNA.

Three nucleotides code for amino acid in a

protein.
Thecorrect reading frameis set by the
Changein nucl eotide sequencefrom the parental DNA iscalled

codon.

Theagentsthat cause mutation arecalled
Point mutation affects inDNA.
Many known mutagensare

Remova of basesin DNA iscatalysed by

Transfer of DNA from one bacteriumto another carried out by
phageisknown as

In bacteria lytic cycleisinduced by phage.
Plasmidsare DNA molecules.
Two DNA fragmentsarejoined together by

Division C: Match thefollowing:

1.

a b~ DN

Bacterio phage A. Pdindromicsequence
Pasmids B. Photoreactivation
Pyrimidinedimer C. Excsonrepar
Uracil glycosylase D. Conjugation
Redtriction enzymes E. Transduction
F. Ligdion
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19.
20.

Part 11
(Very short answers - 2 mark questions)

Why acodon should have at |east three nucl eotides?
Defineagene.

What isamutagen?

What isan auxotroph?
Definemutation.

What isaprototroph?

Definetrangtion mutation.
Definetransverson mutation.

What isaforward mutation?
Defineawildtype.

Which organismisused for Amestest?
What isphoto reactivation?
Defineagenotype.

Defineaphenotype

What iscode degeneracy ?

State Watson - Crick rule.

What isWobble hypothesis?

List thetype of aterationsthat can occur in the nucleotide se
guencesof DNA.

List general mechanismsof DNA repair.

Definelysogeny.
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21.
22.

© o N o O

11.
12.
13.
14.

Satethesignificanceof Transduction.

What ispalindromic sequence ? Givean example.

Part |11
(Short answers - 5 mark questions)

What isan Hfr cdll?

What isagenetic code?

Name the three ways by which genetic exchange occurs in

bacteria

Describethe principleof theAmestest for identifying chemical

carcinogens.

Describethe methods of detection of mutations.
Describethe phenotypic effects of mutants.
Describethetechniugeof isolation of mutants.
Describeexcisonrepar mechanisms.

Describe Transduction.

Describe conjugationin bacteria.

With example, describerestriction enzymeanditsaction.
Defineand state the properties of acloning vector.
DescribeTi plasmid with diagram.

Describethe production and properties of plant protoplasts.
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Part 1V
(Essay type - 10 mark questions)
Explain the three ways by which genetic exchange occursin
bacteria
Describetheprincipleof theAmestest for identifying chemica
carcinogens.
Describethe methodsof anima cell culture.

Describethe production of Transgenic animals.
Describethe methods of genetransfer in plants.
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| SECTION-VI |

Chapter - 10

MICROBIAL GENETICS
GENETIC CODE

The base sequence and the structure of DNA was solved by
Watson and Crick in 1953. However, how the base sequence of DNA
specifiestheamino acid sequence of proteinsremained elusivefor an-
other 10 years.

Thequestion is: How many nucleotides are necessary to specify
asmpleaminoacid?

Second base

U c A G
\ \ \
UuuU UCcu UAU UGU u
Phe Tyr Cys
Ll uuc ‘ ucc ‘UAC \UGC c
UUA | UCA |UAA Stop | UGA Stop| A
eu G
UUG | ucG |UAG Stop luGcG Trp
cuu | ccu cau . lcou U
c
o CYC el SCC pro LCAC CGC  arq
CUA ‘ CCA ‘CAA ain | CGA A
E CUG | ccG CAG | CGG G g
L AUU | Acu | AAU | AGU e |U 2
A| AUC e ‘ACC - \AAC Asn | AGC c
r
AUA ACA [AAA Lys ‘AGA Arg A
AUG Met | ACG | AAG | AGG G
| | |
GUU | Gcu | GAU GGU U
o Guc 6cC L leAc Asp e e
cua Va | cca A2 TEAA cea GV |4
GUG ‘J GCG ‘JGAG Glu |caa G
|

Fig.10-1 The genetic code consists of 64 codons. The codons are
written 5” —> 3’ as appear in the mRNA.
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Thebasic unit of the genetic code, the set of basesthat encodes
asingleamino acid isacodon. Each nucleotide portionin mRNA can
be occupied by oneof four bases. A,GC or U. If acodon consisted of
asinglenudeotide, only four different codonswould be possible, which
isnot sufficient for the 20 different amino acidsfound in protein.

If codonsare of two nucleotide each, suchasUG AC, GC etc,
therewould be4 x 4 = 16 possi ble codons. Eventhenit isnot enough
to codefor 20 amino acids. Three nucl eotides per codon may have 4 x
4 x 4 = 64 possible codons and can encode all 20 amino acids. The
genetic codeisatriplet code, in which three nucleotidescodefor each
aminoacidinaprotein.

The codonswere discovered in the early 1960’s by Marshall
Nirenberg, Heinrich Mathaei, Philip Leader and Har Gobind Khorana.
The Genetic codein RNA formissummarized above.

If you andizethe chart, you may find that there are upto six dif-
ferent codonsfor agivenamino acid. Itiscalled Code degeneracy.

TherearethreecodonsUGA, UAG and UAA, involvedinthe
termination of trandation and are called Stop or nonsense codons. So
theremaining 61 codons are called sense codons. Many codonsdiffer
only inthethird position. For example, the codons GCU, GCC, GCA
and GCG all of which beginwith GC encodestheamino acid danine.

The codon onthe mRNA and the anticodon on thetRNA join
during trand ation. Thefirst two bases strictly follow the Watson and
Crick rules. i.e., A with U; C with G where as the third bases pair
weakly. There may beflexibility. Thisprocessis called Wobble hy-
pothesis.

Each sequence of nucleotides possessesthree potential reading
frames. Thecorrect reading frameis set by theinitiation codon. The
initiation codonisusualy AUG TheGUG and UUG areusedinrare
occasions. ThreecodonsUAA, UAG and UGA do not codefor any
aminoacids. Thesecodonssigna theend of the proteinin prokaryotes

and eukaryotes. They are caled as Stop codons, Termination codons
Or nonsense codons.
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It was believed that genetic codeisuniversal, meaning that each
codon specifiesthesameaminoacid inall organisms. Now it hasbeen
known that genetic codeisnot universal; afew exceptionshave been
found. Most of the exceptions are termination codons, but thereare
few casesin which one sense codon substitutesfor another. The ex-
ceptionsaremostly foundin mitochondrid genes. A few non universal
codons have al so been found in nuclear genes of protozoansand in
bacteria DNA.

Mutation and its effect

The hydrogen bonded hdlical structureof DNA givesan extraor-
dinary degreeof stability to the structure of DNA molecule. Alterations
onthe DNA moleculereflected inaconcomitant changein some prop-
ertiesof thecdll. Thedterationinthe DNA moleculemeansachangein
nucl eotide sequence from the parental DNA iscalled mutation. Muta:
tions can be defined as aheritabl e change in the sequence of nucle-
otides of DNA. Mutations may account for evol utionary changesin
microorganisms.

The organism’s genotype refersto the genetic information con-
tained in the DNA of the organism and the phenotype refersto the
specific characterigticsdisplayed by the organisms. Mutations dter the
genotype of the organism and thismay or may not beexpressed inthe
phenotype depending on the nature of the mutation. M utations may
occur spontaneously or may be induced by agents. The agentsthat
cause mutation are called mutagens. Spontaneous mutation frequen-
ciesaregenerally low and occur with aprobability from 107 to 1012
per generation. Induced mutation occurs at ahigher frequency. In gen-
era thereare4 typesof aterationswhich can occur inthe nucleotide
sequence of DNA.

1.  Deletions, thelossof oneor morenucleotides.
2. Addition, theacquisition of one or morenucleotides.

3.  Transversions, the substitution of a purine for a pyrimidine
andviceversa
4.  Transitions, purine-purine or pyrimidine-pyrimidine
subgtitutions,
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Typesof mutation and itseffect:

Themutationscanbedividedinto 1. Point mutation. 2. Frame
shift mutation.

Point mutation affectsasingle basewhereasframe shift mutation
can affect more than onebasein DNA. Point mutation involvesbase
substitution or nucleotide replacement with which onebaseis substi-
tuted for another and aspecificlocationin agene. For example: athree
base sequence of DNA ischanged from AAA to AAT, during tran-
scription themRNA codonwill changefrom UUU to UUA. Whenthe
informationinthemRNA isused to synthesisetheproteintheamino acid
leucinewill besubstituted for phenylaanineintheprotein.[figure 10-2]

DNA
A A A codesfor
phenyl alanine
I
U U U
MRNA transcript
v Mutation

Change in DNA base substitution

A| A| T

— » codesfor leucine

U| U| A

Fig.10-2 Effect of mutation on change in amino acid sequence

In frameshift mutation therewill beadd etion or insertion of one
or more basesresulting in altered codon reading frame. M utants can
be classified based on the method of detection.
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1. Morphological mutants: They have altered external
form including size, shape, colour etc. eg: kernel
colouringincorn, curled wingin Drosophila

2. Lethd mutants: They have achangein the genotypethat may
lead to thedeath of anindividual.

3. Biochemical mutants, or Auxotrophic mutants. They are
deficient insynthesizing aparticular chemica compound.

4. Resistant mutants : They are identified by their ability to
grow inthepresenceof antibiotics.

5. Conditiona mutants. They allow the mutant phenotypeto be
expressed only under certain conditions. Eg: high salt
content (called restrictivemutants).

Phenotypic effectsof mutants

Mutantshaveavariety of phenotypic effects. Themost common
phenotypein natura populations of an organismiscalled wild type
phenotype. A change from the wild type by genetic variation in the
nucl eotide sequence resultsin phenotypic variation whichiscaleda
mutant. A mutation that altersthewild type phenotypeiscalled afor-
ward mutation; whereasareverse mutation (areversion) changesthe
mutant phenotype back into thewild type.

Phenotypic effects of mutation are used differently by the
geneticians. A base subgtitution which aterscodonin mRNA resulting
indifferent amino acid isreferred to as missense mutation. A nonsense
mutation changes asense codon into nonsense codon (onethat termi-
natestrand ation). The protein will become nonfunctiond if the non-
sense mutation occursearly inthe mRNA sequence. A sllent mutation
atersacodonthat still specifiesthe sameaminoacid. Thisproperty of
thecodoniscalled redundancy of the genetic code. A neutral mutation
isamissense mutation that dtersthe aminoacid sequenceof theprotein
that does not changeitsfunction. Neutral mutationswill occur when
oneaminoacid isreplaced by another whichischemically ssimilar or
when thealtered aminoacid haslittle effect on the structure of the pro-
tein. Induced mutationsare produced by agentscalled mutagens. Mu-
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tagensinclude chemical agents and radiation. Table describes some
mutagensand their effects.

Some Mutagens and their effects.

Mutagen

Effects

Chemical agents
Base analogue
Eg: caffeine, 5— bromouracil

Alkylating agent
Eg:nitrosoguanidine

Deaminating agent
Eg: nitrousacid, nitrates, nitrites

Acridinederivative
Eg: acridine dyes, quinacrine

Radiation
Ultraviolet

X —ray and gamma ray

Substitutes “look — alike”
moleculesfor thenormal
nitrogenous base
during replication.

Effect: point mutation

Addsan akyl group

such as methyl group (-CHy)
to nitrogenous base, resulting
inincorrect pairing.

Effect: point mutation.

Removes an amino
group (-NH,) from a
nitrogenous base

Effect: point mutation.

Insertsinto DNA ladder
between backbones to form a
new ring, distorting the helix.

Effect: frame shift mutation.

Linksadjacent pyramidines
to each other, asin
thyminedimer formation, and
there by impairsreplication.

lonize and break moleculesin
cellstoform freeradicals,
which inturn break DNA
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I solation of Mutants:

Scientists have deviced various methodsfor isol ating bacterial
mutants from alarge population of the cells. The basic approach to
mutant sel ection begins by exposure of large population of cellstoa
mutagen. After exposurethe mutant is sel ected against the unmutated
parent cells. When the mutagenic agent is used for mutant isolation,
many cdlsacquireletha mutationsand die. However, asgnificant pro-
portions of mutant and wild type (prototrophs) cellswill survive.

Two sequential selection steps are used to i sol ate the mutants
from the surviving popul ation. Both the prototrophs and the mutants
aregrown onagiven mediacontaining penicillin. Penicillin sensitive
prototrophsarekilled by thepenicillin. Nutritiona mutants(Auxotrophic
mutants) surviveinthisenvironment, becausethey cannot grow onmini-
mal medium. Thisnutritional mutants arethenisolated on acomplete
medium.

Ames test

Many of theknown mutagens are Carcinogens, i.e., they cause
cancer inanimals. The potentia carcinogenicity of amutagen can be
tested on animals. These procedures are time consuming and expen-
sive. BruceAmesat the University of Cdiforniahasdeveloped afaster
and lessexpensive procedurefor the preliminary screening of apoten-
tial carcinogen. Thistestiscaled asAmestest. TheAmestest causesa
back mutation in an auxotrophic strains of Salmonellatyphimurium.

TheAmestest isascreening test for the detection of carcino-
genic compounds by testing the ability of chemical agentsto induce
bacteria mutations. All mutagenic agentsare not carcinogenic; how-
ever, thecorrelation between carcinogenes sand mutagenicity isabout
83%. TheAmestest servesasascreening test to indicate whether a
compound has carcinogenic potential or not. However, testson ani-
malsaredtill requiredto prove carcinogenicity.

In conventiona method, the materia isinjected into theanimal
and observed for the devel opment of tumors. If tumor develops, itis
presumed that the substance has carcinogenic potential . Eventhough,
thismethodworkswell, it istime consuming.
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The standard way to test achemical for mutagenesisisby ex-
posing the strains of auxotropic bacteriato the chemica and measure
the rate of back mutations. In Ames test a strain of Salmonella
typhimuriumstrainTA 98, whichisauxotrophicfor histidineisexposed
to achemical agent. After chemical exposureand incubation on histi-
dine deficient medium, therate of reversion to prototrophy is deter-
mined by counting the number of coloniesthat areseen onthehigtidine-
deficient medium.

DNA repair

Theintegrity of theDNA ismaintained even under constant pres-
surefrom radiation, chemica mutagens and spontaneously arising
changes. Therate of mutation alwaysremainslow, because of the effi-
cient DNA repair systems.

Therearefour general mechanismsof DNA repair.
Mismatchrepair

Direct repair

BaseExcisdonrepar

4. Nucleotide Excisonrepair

w N e

Mismatch repair

During replication processtheincorrectly inserted nucleotides
arerecognized and removed. When the error isrecognized, themis-
match repair enzymes cut out thedistorted section of thenewly synthe-
sized DNA andfill thegap with new nucleotides by using the origina
DNA strand asatemplate.

Direct repair

These mechanisms do not replace the altered nucl eotides but
instead, changethem back into their original structure. The best char-
acterized direct repair mechanismis photoreactivation of UV induced
pyrimidinedimmers. E.coli and eukaryotic cells possess an enzyme
called photolyase that uses energy captured from light to break the
covaent bondsthat link the pyrimidinesinadimmer. Thisisalso caled
light repair or photoreactivation.
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BaseExcision repair

Inthisrepair machnism themodified basesareexcised and the
entirenucleotideisreplaced. Theremoval of basesiscatalysed by aset
of enzymescalled DNA glycosylases. They recognizeand removea
specified type of modified base by cleaving the bond that links that
base to the 1’ — carbon atom of deoxyribose. For example, uracil
glycosylase recognizesand removes uracil produced by the deamina
tion of cytosine.

Nucleotide— Excision repair

It isacomplex processand removesbulky DNA lesions. A set
of complex enzymesdetect thedistorted DNA and additiona enzymes
separatethetwo nucleotide strands at the damageregion. Thesingle
strand binding proteins stabilize the separated strands. Then, the sugar
— phosphate backbone of the damaged strand iscleaved onboth sides
of thedamage. Onecut ismadefivenudeotidesupstream (onthe 3’'side)
of thedamage and the other cut ismade eight nucleotides (in prokary-
otes) or from 21 to 23 nucleotides (in eukaryotes) downstream (on the
5’ side) of thedamage. The damaged portion of the DNA isremoved
andthegapisfilledinby DNA polymaeraseand sedled by DNA ligase

Plasmids

In addition to having achromosome, many bacteriapossessplas-
mids. Plasmidsaresmall, circular DNA molecules. Plasmidsareextra
chromosomal DNA moleculesfoundinmost bacteria speciesandin
some eukaryotes. Plasmidsdepend on the metabolic functions of the
host for their reproduction. Plasmids use most of thereplication ma-
chinery of the host.

Some plasmids are present in many copies per cell, whereas
some othersare present in only one or two copies. Characteristicaly,
plasmid can be eliminated from the host cellsin aprocess known as
curing. Some commonly used curing agentsareacridinemutagens, UV,
ionizing radiation, thyminestarvation etc. Plasmidsrdatively havefew
genes, usudly lessthan 30. Plasmidscan beclassifiedintermsof their
mode of existence and spread.
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Many typesof plasmidsarefoundin avariety of bacterid strains.
E.coli strainscontain threemain typesof plasmids, the F, R and Col
plasmids. Thepresenceof anF, Ror Col plasmidinacell indicatesthe
following characteristicsacquired by thecell.

F-Plasmid or sex plasmid hastheability to transfer chromosomdl
genesandtotransfer Fitsaf toacdl lacking theplasmid.

R plasmid or the drug resi stance plasmid acquiresresistanceto
oneor more antibioticsand hasthe ability to transfer theresistanceto
thecdlslackingR.

Coal, or the Calicinogenicfactor hasthe ability to synthesize co-
licin, aprotein capable of killing closely related bacterid strainsthat
lack the Col plasmids.

Genetransfer

Genetic recombination refersto the exchange of genesbetween
two DNA moleculesto form new combinations of genesonachromo-
some. Like mutation, genetic recombination contributesto apopul a
tion genetic diversity, whichisthe sourceof variationin evolution.

Microorganismscarry out several typesof recombinations. Be-
fore the 1920’s bacteria were thought to reproduce only by binary
fission and had noway of genetic transfer comparableto that of sexua
reproductionin eukaryotes. Sincethen, threemechanismsof genetrans-
fer in bacteriahave beenidentified

1. Trandformation
2.  Tranduction
3. Conjugetion

1. Transformation

Bacteria transformation wasdiscovered in 1928 by Frederick
Griffith, an English physician. To understand themechanism of trans-
formation, the DNA was extracted from donar organisms by abio-
chemica processwhichyiddshundredsof naked DNA fragmentsfrom
thebacterial chromosome.
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Theextracted DNA when placed in amedium with organ-
iIsmscapabl e of incorporating it, wastaken up by organismstoa
maximum of about 10 fragments. Uptakeof DNA occursonly at a
certain stageinacdl’sgrowth cycle. A protein, that isreleased at this
stage called the competencefactor facilitatestheentry of DNA. Not dl
bacteriacan become competent, and not al can betransformed. Once
the DNA reachestheentry site, because of the action of endonuclease,
the double stranded DNA iscut into 7000— 10000 nucleotidesand the
two strands are separated. Inside the cell the donor single stranded
DNA combineshby base pairing with aportion of thereci pient chromo-
some. Intherecipient cell, theenzymes cut a portion of the recipient
DNA andreplaceit with thedonor DNA, which becomesapermanent
part of therecipient chromosome.

Significanceof transformation:

Theextent to which transformation contributesto thegenetic di-
versity of organismsin natureisnot clear. However, inthelaboratory
transformation studiesare carried out to study the effectsof DNA that
differsfrom the DNA that the organisms already possess. Itisalso
used to study the location of genes on achromosome and to insert
DNA from one speciesto another, inorder to produce recombinant
DNA.

2. Trangduction
Transductionisaprocessinwhich DNA iscarried by abacte-
riophage (bacteria virus). The phenomenon of transduction wasdis-
covered by Joshua L ederberg and Norton Zinder in Salmondlain 1952.
Thereare two phagetypes.They are

1. Virulentphage
2. Temperatephage

Thevirulent phagesdegtroy thehost cdl DNA and direct thesyn-
thesisof phagepartides FHindly they causelyssof thehost odl andthe
processiscdledlytic cycle. Temperate phages can replicate them-
selves aspart of thechromosome (called prophage) or produce new
phage particlesand lysethe host cell. Persistance of the phageinthe
cdl without the destruction of thehost cell iscalled lysogeny.
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Transduction can be specialized or generalized. In specidized trans-
duction, the phageisincorporated into the chromosome and may transfer
only genes adjacent to the phage. In generalized transduction, the phage
can transfer only DNA fragment attached to it.

Significanceof Transduction

Transductionissignificant becauseit transfersgenetic material
and showsacl oseevol utionary rdlationship between prophage and host
cell DNA. Sinceitispersistentinacell, suggestsamechanismfor viral
origins of cancer and also provides a possible mechanism for under-
standing linkage.

Conjugation in Bacteria

Another mechanism by which genetic materid istrandferred from
one bacterium to another is known as conjugation. Conjugation was
discovered by Joshua L ederberg and Edward L .tantumin 1946in Es-
cherichiacoli.

Conjugation ismediated by acircular piece of DNA, called
Plasmid. Plasmidsarethe extrachromosoma DNA molecules. Con-
jugation processrequires contact betweenliving cells. Thecell to cell
contact for the conjugation to occur isestablished by the sex pili of the
bacterium. Onetype of genetic donor iscalled F* and the reci pient
cellsareF.

F* cellscontain plasmidscalled F factors. These F factorsare
transferred to the F cellsduring conjugation. When the plasmid be-
comesincorporated into the chromosome, thecell iscaledanHfr (High
frequency of recombination) cell. During conjugation, a Hfr cell can
transfer chromosomal DNAto an F cdll.

Significance of conjugation
Thesignificance of conjugationisthat it increasesthe genetic
diversity. Thismay represent an evolutionary stage between asexua

and sexual reproduction. It aso providesameansfor bacteria
genome mapping.
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Recombinant DNA methodology:

Toolsand Vectors

Genetic recombination of DNA occursnaturadly inmicrobesasa
process of genetransfer. From 1970 onwards scientists devel oped an
artificid techniquefor making recombinant DNA. Thesetechniquesare
called recombinant DNA technology. i.e., aprocess of forming anew
combination of genesby artificial or natural means. For example, a
genefromananimal can beinserted into the DNA of abacterium, or a
genefromavirusinto ayeast. Therecipient isthen madeto expressthe
gene, which may codefor acommercially useful product. Thebasic
requirement for recombinant DNA technology istheavailability of a
DNA fragment.

The DNA fragment can be generated by restriction enzymes.
Theseareaspecial classof DNA cutting enzymesthat exist in many
bacteria. Thiswas discovered inthelate 1960s by Werner Arber and
Hamilton Smith. These enzymesrecognize and cut specific sequences
of 4to0 6 basepairslongin double-stranded DNA.

Therecognition sequences are always Palindromi ¢ sequences.
i.e., readsthe same on either direction of the DNA molecule. For ex-
ampletherestriction enzyme EcoR1 isolated by Herbert Boyer in 1969
from E.coli cleavesthe DNA between G and A in the base sequence
GAATTC.

Cleavage Site

v

5-G-A-A-T-T -C-3} DNA Sequence.
J-C-T-T-A-A-G-5

. . L Cleavage Site
Fig. 10-3 Cleavge Sites of restriction enzyme

When thetwo strands of DNA fragments separate, they form
single-stranded complementary ends known as sticky ends or cohe-
siveends.
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AT i
™ CT TAA G 5
? Cleavageby redrictionenzyme
T f PRI S
[ I
™ CT T AA G 5
sticky end

Fig. 10-4 Mechanism of action of restriction enzyme

Not al restriction enzymes produce sticky ends. Someenzymes
cut inthe middle of itsrecognition site, producing blunt ended frag-

ments. ¢

S’ CAGCTG
I~ GTCGAC

39
5’

Cleavage by restriction enzyme Pvu Il

5 ——CAG ¢ CTG — 3
F—GTC GAC — %
Fig. 10-5 Cleavage by restriction enzyme Pvu Il
Thereare hundreds of restriction enzymes. A nomenclaurefor
restriction enzymeswasrecommended by Smith and Nathansin 1973
and each enzymeis now represented by athree-letter code derived
from the genus name of the bacteriafrom which theenzymewasiso-

lated.
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For Example

Hae — Enzyme isolated from Haemophilus aegypticus
Sma- Enyzmeisolated from Serratia marcescens

Threekindsof restriction enzymesare currently knownas Type
I, Typell and Typelll based on their property, action, and cleavage
specificity onthe DNA molecules.

Thecohesveendsproduced by the sameredtriction enzymefrom
different DNA strandswill have complementary endsand will par. When
the cohesiveendshave paired, thetwo DNA fragments can bejoined
together by theenzyme DNA ligase, which sealsthe nicksbetween the
sugar—phosphate groupsof thefragments.

Fragmentsof DNA produced by restriction enzymedigestion
cannot directly enter bacterial cellsfor cloning. Itisjoinedtoavector.
Thevector can gainentry to ahost cell, whereit can bereplicated or
clonedinto many copies. Vectorsarethecarrier of DNA molecules. To
act asavector,aDNA moleculemust havethefollowing properties.
1. Abletoreplicateindependently.

2. Should contain anumber of restriction enzyme cleavage sites.

3. Should carry a selectable marker (usually antibiotic resistant
gene).

4. Should beeasytorecover fromthehost cell.

Thereare number of vectors currently in use, which permit the
cloning of DNA fragments over awide sizerange, such as plasmid
vectors, bacteriophage vectors, cosmid vectors, expression vectors,
shuttlevectors, yeast artificia chromosomesetc.

Thefirst recombinant plasmid capableof being replicated within
abacterial host was psc101 plasmid constructed by Stanley Cohen
using transformation or phageinjection. Each bacterial strain repro-
ducesto yield apopul ation contai ning asingle type of recombinant
molecule. Theoverdl processisoutlinedinfig.10-6.

Therecombinant DNA opened upfor theanalysisof DNA from
plantsand animals. With the advent of new recombinant DNA proce-
dures, now perfect methods of i solating desired DNA restriction frag-
mentsareavailable.
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Fig.10-6 Illustration of DNA fragment cloningin Plasmid
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Animal Biotechnology

Cell Culture

Genetransfer techniques are used to produce transgenic ani-
mas. The potentia prospectsfor anima biotechnol ogy isthe commer-
cidization of cell and tissue based production of vaccines, monoclonal
antibodies, pharmaceutical drugs, cancer research etc.

Animd cdlscanbeculturedinartificid mediain controlled con-
ditions. However, the use of animal cellsarerestricted intermsof de-
vel opment potency. However, the useof animal cellsarerestricted in
termsof development at an early devel opmentd stage. Therefore, the
only way to achievegerm linetransformation in animalsisto introduce
DNA intototipotent cellsprior tothe devel opmenta stageat whichthe
germlineforms.

Thefirst attempt to cultureanimal cellswas started in 1907 by
Ross Harrison. Thereafter the method was extended to culture mam-
malian cellsinvitro. There are many types of vertebrate cellswhich
require support for growthininvitro conditions. Thesecellsarecaled
asanchorage-dependent cells. Plastic, glassor paladiumisused asa
substratefor such cells. The cell attachment to the substrateisincreased
by trestment with fibronectin or collagen. Thechemicd isdrained, dried
andthesubstrateissterilized by UV light.

Themedium for animal cell culture constitutesinorganic sub-
stances, providesthe optimum growth factors. Therearetwo typesof
mediafor anima cdll culture.

1. Natura medium

2. Synthetic medium

Thenatura mediumincludescoagulantsor plasmaclotsor bio-
logicd fluids
Synthetic mediaare of two types.

1. Serum-containingmedia

2. Serum-freemedia
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Thesynthetic mediaare prepared by adding severa organicand
inorganic nutrientssuch asvitamins, sdts, O,, CO, gasphases, serum
proteins, carbohydrates, cofactorsetc. Different typesof syntheticmedia
areusedfor different type of cellsand tissuesto be cultured. Prepared
mediumissterilized by heat and team or by filter sterilization.

| solation of animal tissue.

The anima materials are throughly washed with balanced salt
solution and to avoid contamination with 70% ethanol and removed surgi-
caly under aseptic conditions. Some tissues consist of cells which are
tightly aggregated. To get primary culture the tissue should be disaggre-
gated by mechanical or enzymatic treatment. The dissociated cells are
called asprimary cells. Theprimary cells are seeded on culture medium
in high density, and allowed to grow. The viable, primary cells adhere
to the substrate. Such cdlsare caled adherent cellsand the cultureis adherent
culture.

Theprimary culturein theform of single cell suspensionissub-
cultured by transferringinto culture dishesand flasks containing specia
growth nutrients at optimal growth conditions. Theunatered form of
cellsgrownfor alimited number of generationsiscaled cdl line. The
cdll consstsof smilar of dissmilar lineages. A cdll lineagewith specific
propertiesiscaled cdl srain. Thecdll strainisculturedinlarge quantity
inenmassein Bioreactors. Thecultured cellsare used for the produc-
tion of human monoclond antibodiesand biochemicas.

Someimportant products produced fromanimal cell culturesare
Enzymes. Asperagenase, pepsin, Trypsin, rennin etc.,
Hormones: Leutinizinghormone. Follidestimulaing hormoneetc.,
Vaccines. influenzavaccine, mead es, mumps, rubelaand rabies.
Monoclona antibodies

Interferons.

g~ w0 D e

Transgenic animals

Transgenic animdsareanimadsthat carry foreign genesthat have
been atificdly insartedinto their genome Theforeign geneiscongructed
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using the recombinant DNA methodol ogy. In additionto astructural
gene, theforeign geneto beinserted al so includes other sequencesthat
enableit to beincorporated into the DNA of the host and to be cor-
rectly expressed by the cells of the host.

Methodsof producing transgenicanimals:

Theability tointroduce DNA into thegerm line of miceisoneof
thegreatest achievementsof thetwentieth century. Therearetwo meth-
odsto producetransgenic mice.

1.  Transforming embryonic stem cells(EScells) growingintissue
culturewiththedesired DNA.

2. Injecting thedesired geneinto the pronucleusof afertilized egg.

Method 1. Embryonic stem cell method:

Theembryonic sem cdls(EScells) are harvested from theinner
cell mass (1cm) of mouse blastocysts. They aregrownin cultureto
retaintheir full potential to produceall the cellsof the mature animal,
including itsgametes. Following the steps of recombinant DNA tech-
nology, DNA moleculescontaining the structural gene(for eg: insulin
gene) and the vector sequencesare made. Vector DNA helpstoinsert
theinsulin geneinto thehost DNA. It also carriesthe promoter and
enhancer sequencesto enabl ethe geneto be expressed by the host.

The cultured cell sare exposed to the recombinant DNA so that
somewill beincorporatedinto the ES cells. The successfully trans-
formed cellswill be selected and injected into theinner cell mass(1cm)
of mouse blastocysts. A pseudopregnant mouseis devel oped by mat-
ing afemalemouse with avasectomiced male. The stimulus of mating
elicitsthehormona changes needed to make her uterusreceptive. The
embryos aretransferredinto her uterus. They will transplant and de-
velopinto hedthy pups. To test the integration of the DNA,
a small piecedftissueisremovedfromthetal andandysedforthedesredgene
Not less than 10-20% will have the desired DNA and they will be
heterozygousfor thegene. Two heterozygous micearemated and their
offspringsare screened for the 1 : 4 homozygoustransgene.
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Fig. 10-7 Summary of the methods for producing Transgenic Animals

M ethod 2 Pronucleusmethod:

A freshly fertilized egg beforethe sperm head hasbecomeapro-
nucleusisharvested. Thema e pronucleuswith therecombinant DNA
isinjected. Thepronucle arefusedto form thediploid zygote nucleus
and alowed to divide by mitosis to form a two cell embryo. The
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embryos areimplanted in apseudopregnant foster mother. They im-
plant successfully and devel op into healthy pups. The procedureto
establish transgenicanima issummarized inthefig.10-7.

Cloning or nuclear transfer, isthefirst stagein producing animal
‘drug factories’. It allowstransgenic animal sto produce therapeutic
chemicalsfor thetreatment of cancer and other inflammation.

Examplesof Transgenicanimals:

1.  InFebruary 1997, Dolly the sheepwasborn at the Rodlin Insti
tutein Edinburgh, thefirst clone of an adult mamma.

2. InJanuary 1998, thetwoidentica cavesMolly and Polly (George
and Charlie) with geneticaly engineered DNA having humangene
expected to make them produce a protein helpful in blood
clotting were created.

Following thisUSresearchershave madethefirst modified mon-
key. The Rhesusmonkey named AND:I (“inserted DNA”) backwards
received extraDNA whilestill anunfertilized egg. But, aswith smilar
techniques, such ascloning, themethod isfar from perfect.

PLANT BIOTECHNOLOGY

Conventiona plant breeding requiresalongtime, and onan av-
erage, twelve generationsof back crossingisrequired for asuccessful
hybridization of two varieties. The new variety when entered into the
field may have an effectivelifetimeof lessthan fiveyears, becauseit
becomes less competitive than higher yielding or moreresistant
vaidies.

Themodern highyielding varietiesto havefull potentia yield re-
quirecareful planning and application of fertilizers, plant growthregula:
tors, herbicidesand pesticides. All these methodologiesare costly to
agriculturistsanditisadrain on energy resources. It isalso apotential
sourcefor pollution.
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New methods of crop development have given considerable
promisefor thefutureto indicate achangein crop protection. Gene
cloning provides a new dimension to crop breeding to have direct
changes on genotype of aplant. Two strategiesarefollowed for plant
biotechnol ogy.

1. Geneaddition—thatiscloningisusedto dter thecharacterigtics
of the plant by providing one or morenew genes.

2. Genesubdtitution—inwhich genetic engineering techniqueswere
used toinactivate one or moreof the plant’s existing genes.

The expression of foreign genesintroduced into the plantswasfirst
demonstrated in early 1980’s. At present we have more than 100 dif-
ferent plant specieswith genetic engineering methodol ogy. Theresearch
on plant biotechnology isused to create plantswith useful, genetically
engineered characteristics such asinsect resistance, herbicidetoler-
ance, improved nutritional valueetc. For genetransfer system, itises-
sentid to havesomeof Tissueculture steps, which areaprequest for the
successful production of transgenic plants.

Plant cell cultureand protoplast:

Tissuecultureisaprocess, whereasmall pieceof livingtissue
(explant) isisolated fromaplant and grown aseptically for anindefinite
period of timeon anutrient medium under environment controlled con-
dition. Theexplant commonly selected arefrom cortex or meristematic
tissues, such asbuds, root tips, nodal segmentsor germinating seeds.
For plant cellswhichdevd opintoacdlus itisessentid thet anutrient medium
shouldbeprovided. M ost mediafor aplant tissue culture contain inor-
ganic salts, tracemetal's, vitamins organic nitrogen sources, inositol,
sucrose and growth regul ators. Beforeinoculating on to the nutrient
medium, theexplant hasto be surface sterilized with sodium hypochlo-
rite, hydrogen peroxide and mercuric chloride. The basic procedure
for establishing and maintaining plant tissue cultureisdescribedin
fig. 10-8.

On thismedium the explant developsinto an undifferentiated
mass of cellscalled callus. Once established, thecaluscanbepropagated
inodfinitdybysubdvison.
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Protoplast:

Thecaluswhentransferred into aliquid medium and agitated,
will break to give suspension of isolated cells. Plant cellswithout cell
wallsare caled protoplast. Protoplast can be produced from suspen-
son cultures, calustissueor intact tissue by treating them with cellu-
lolytic and pectinolitic enzymes. Protoplasts are useful for plant cell
mani pulation. Protoplasts of similar or contrasting cell types can be
fused to form hybrids. Thisprocessisknown asprotoplasmicfusion.
When the protopl asts are placed on anutrient medium they synthe-
sizenew cell wallswithin 5 to 10days. Thesecdlsshow ahighdegreeof
homogenedity andcanyiddacdlusgeneticgability.

Explants

¥

Trimming

SmrTace
sterilization

Several washes in
sterilized distilled
water

Final trimming and____Light
i ff

culture

establishment

Incubation

l {
Subculture E

Fig.10-8: Basic procedure for Tissue culture and Subculture maintenance.

Genetransfer:

Genetransfer to plants can be achieved by abacterium called
Agrobacteriumtumefaciens. Itisagram negative, soil bacterium and
aphytopathogen. Duringitsnormal part of thelife cycle, thebacteria
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can genetically transform plant cells. Thegenetic transformation leads
totheformation of crown gal tumors. Thiscrown gall diseaseisoneof
theagronomically important di seasesand affectsonly the di cotyledon-
ousplants. Crowngall formationisdueto thetransfer, integration, and
expression of specific segmentsof bacterid plasmid DNA. Sincethis
plasmid DNA inducesatumor likedisease, iscaled asTi plasmid (tu-
mor induced). Agrobacteriumtumefaciens harbourslarge plasmids
(140 — 235 kilobase). The Agrobacterium tumefaciens has the ca-
pacity for unlimited growth asacdlusin tissueculture, in mediawithout
hormonesit al so inducesthe synthesis of opines, the unusual amino
acid derivativesnot found in normal plants.

Based on the opine synthesi stwo type of plasmidsare grouped.
1. OctopineTi plasmid and 2. Nopaline Ti — plasmid (fig.10-9).

Nopaline
catabolism

Conjugative
transfer

Octopine
catabolism
Virulence
genes
Agrocinopine
catabolism
Agropine
catabolism

Octopine
Ti-plasmid
pTiACH5

Nopaline
Ti-plasmid
PTiC58

Virulence
genes

Conjugative
transfer

Fig. 10-9 Structure of Ti plasmid

The DNA that getsintegrated into theplant genomeiscalled T
DNA. The T-DNA region can vary from approximately 12 to 24
kilobase. Thereisasequence of stepsintheprocessof infection. The
soil bacterium respondsto certain plant phenolic compounds such as
acetosyringone and hydroxy acetosyringone which are excreted by
susceptiblewounded plant. Thesemol eculesinducethevirulencegenes
ontheTi plasmid. The productsfor thevir genesare essentia for the
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transfer andintegration of T DNA region. TheT DNA istransferred by
aprocesswhichissimilar to plasmid transfer from donor to recipient
cell during conjugation. Oncethe T-DNA enterstheplant it causesa
crowngal disease.

Ti plasmid derived vector system:

Thesmplest way to exploit theability of Ti plasmidto geneticaly
transform plantsistoinsert adesired DNA sequenceintothe TDNA
region. ThentheTi plasmid and the A.tumefaciensare used to deliver
and insert thegenesin to the genome of susceptibleplant cell.

A smpleprocedure hasbeen devel oped by Horsch and hisgroup
in 1985, which has been widely used in genetic engineering of plants
(Agrobacteriummediated genetransfer).
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A
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solid medivm

Fig.10-10 Leaf disctranformation by Ti — plasmid vectors
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Small discs were punched off from leaves. Thediscswere
surface sterilized and inocul ated on to aculture medium containing
A.tumefaciens transformed with recombinant genes. Thediscswere
cultured for two days and transferred to a medium containing
kanamycin and carbanicillin. Carbanicillin is used to kill the
Agrobacterium. Following two to three weeks of incubation devel -
oped shootswere excised from the callus and transplanted to root in-
duction medium. Plantletsthat devel op rootswere subsequently trans-
planted to soil at about four to seven weeks after the inocul ation step.

Practicals
Gram’sstaining
Acidfast staining
Demonstration of rhizobium from root nodules
Kirby - Bauyer technique of antibiotic sengitivity testing
Evaluation of disinfectants
Fermentation reaction_gas production - Durham’stube technique
Biogasproduction
Mushroom cultivation - observation
Composting : Demonstration of microbial diversity
MPN test
. Growth curve- turbidity method
Examination of yeast budding
Mi croscopic observation of curd
Observation of microbesfromidly batter
. Widdl test
Blood grouping
. Observation of heterocyst
Examination of fungal asexual spores
. Gd diffusiontechnique
. Examination of Tikkaleaf spot/citrus canker
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