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Microbiology Questions

General microbiology

1) Bacterial cell (morphology, staining reactions, classification of bacteria)
Morphology: the form and structure of an organism. It includes shape and size.

Shape: this can be of 3 main types:
- round (cocei) ~ regular (staphylococci) Q%g She [} .

flattened (meningococei) —diplacaee
lancet shaped {(pneumococei)

- elongated (rods) — straight (majority of them are like this; e.g, E.coli),
short (coccobacilli; e.g acinetobacters)

long (fibres) — these are mainly found in OLD cultues i
slender — mycobacterium tuberculosis -
robust ~ lactobacilli, bacillus TN
with split ends - bifidobacteria KQ & Hl

) branching - nocardiae, actinomycetes - T

curved - campylobacters
with flat ends — bacillus anthiacis
spindle-shaped - fusobacteria

N s club-shaped - corynebacteria
A lm \99./ V- Pleomorphic — haemophili
WW‘*’ spiral — helicobacter, spirilium

N\

- Spiral bacteria (spirochetes): these are different to the spiral bacteria mentioned above! They
are tightly coiled bacteria.
o Uneven: borrelia

o Delicate, regular: Treponema /\/\/\4%
e i

o Slender with bent ends: Leptospira

.Size: pathogenic bacteria are generally between 1-5um

" Rods—the fibres can be upto 50 pm long
Some can be very large, e.g bacillus and clostridium (1x10 um)
Others can be small, e.g. haemophilus (0.3 pm x 0.6 um)

Cocci can be found in;

- Clumps, e.g. Staphylococcus auteus Q@

- Chains, e.g. Streptococcus pyo genes COOCO o
- Diplococci (fancet-like) e.g, Strep. Pneumoniae (@PR ncopeudiiie
- Diplococci (flattened) e.g. Neisseria gonorrhoeae

- Cocci in tetrads e.g. Micrococcus luteus (88

Rods can be found in:



* Most of rods are found singly, e.g. E.coli <D

- Delicate streptobacilli, e.g, haemophilus ducreyi

- Diplobacilli (in pairs) e.g. moraxella lacunata >

- Robust rods with rounded ends e.g. clostridium perfringens

- Robust rods which are flat, with concave ends, found in bamboo cane-like chains, e.g.
Bacillus anthracis

- club-like in palisades: Corynebacterium diphtheriae m@ icoctsn

- . slender, hinted palisades: Mycobacterium tuberculosis Qb

- branched and fragmented: Nocardia asteroides

- spindle-like: Fusobacterium fusiforme

- pleomorphic and small: Haemophilus influenza

Curved or Spiral rods: -

- cuived rods, crescent-shaped: Vibrio cholerae

- thick spirals? Spirillum minus

- uneven spirals: Borrelia recurrentis

- déﬁgat_e, regular spirals ¢ Treponema pallidum

- Very Tiné $pirals with bent ends : Leptospira icterohaemorrhagiae

Stainin Reactions and Classification of bacteria: this depends on their morphology (above) and
staining reactions (either G+ or G-).

Gram + bacter] Gyt ayer in their cell wall, which is able to retain the crysta
iolet sta lts in demishiRomRysIEy staining by Gram staining, Also these bactetia, lack

the outer membrane which is found in G- bacteria.

E.g. Staphylococcus, Streptococeus, Bacillus, Lactobacillus, Corynebacterium. , .

Due to theilack Qfmtﬁmvﬁq’iﬂhl()k ggpggg}g’%\gﬂgwlgygjm the G- bacteria cell wall, these bacteria can’t
retain the crystal violet stain, so it getssyashed-out and the counter stain; Saﬁ n_m:-?coiours all the G-
bacteria ine %orgp;,uk@&zl,mgggl; -f-@Q@i@éﬁﬁgﬁeﬁéella:;:wal.ls;_'E.é. Escherichia, Salmonella,
Vibrio, Haemophilus, Pseudomonas, mycoplasma... _ ive Moining

L Gopmndid mavtounding, bectenal eul0s =D Tndia. K (Wegeh ‘j\

L Aﬁ‘:d -forY engamama =) 311@»@-!\/13_0/)&,8 wsttad 18 L;;Liﬁg
2) A

natomy of bacterial cell — I (contents of cytoplasm + cytoplasmic mer

Other cytoplasmic contents are: vacuoles, plasmids, ribosomes and the nucleoid.

The cytoplasmic (pIasma/plasniaMembrane is a phospholipid bilayer, containing fatty acids but

lacking sterols, Chgn_peks called porins, can be found, which allow the- passive transport of several
fons, sugars and amino acids actoss the outer membrane, The function of the phospholipid bilayer is

to act as a permeability barrier for most molecules and it serves as the location for the transport of

molecules into the ce]l.

2 Mtk i - .-}v&u% ﬁm‘«fy ”75 bucki, (H8)




3) Anatomy of the bacterial cell - I (cell wall, capsule, flagella, fimbriae, pili)
Virulence Factor: molecules produced by a pathogen that specifically cause disease
Desiceation: drying out

Cell wall: The function of the bacterial cell wall is to provide structural integrity to the cell. However,
its primary function is to protect the cell from internal turgor pressure caused by the higher
concentration of proteins and other molecules inside the cell compared to the outside,

The bacterial cell wall contains SEAUdOEEER. which is located -immediately outside of the
cytoplasmic membrane. This peptidoglycan is responsible for the rigidity of the bacterial cell wall
and determines the cell shape. It is relatively permeable, especially for small substrates. There ate two
main types of bacterial cell walls, Gram positive and Gram negative, which are differentiated by
differences in their Gram staining characteristics.

The G+ cell wall has a thicker peptidoglycan layer, meaning that the cell wall is able to retain the
crystal violet dye, hence staining it dark blue or viole - - '

On the other hand, the G- cell wall has a thin peptidoglycan layer and this cannot retain the dye, hence
it gets decolourised (by ethanol) during staining, This results in the cell wall, staining a red or pink
colour, due to the counter-staining with safranin, G- cell wall contains an outer membrane composed
of phospholipids and lipopolysaccharides, which face the external environment. STt pef

Capsule: They are mainly found in G- bacteria. Capsules are relatively imp@meable layers, found
outside the cell wall. They are Water soluble, meaning that it is difficult to stain them, since many
stains don’t adhere to the capsule. A capsule is a well organised layer, which isn’t easily washed off
and it can be the causes of many diseases.

Their function is to help protect bacteria fom phagocytosis and desiccation. Due to the fact that they
help to protect bacteria against phagocytosis, they are considered a v lence factor. Capsules also
contain water which protects bacteria against desiccation. Furthermore, bacterial capsules allow
~ bacteria to adhere to %rfaces and other cells. |

Flagella: These are whip-l'ike structures protruding from the bacterial cell wall and are responsible
for bacterial motility (movement). The arrangement of flagella is unique to the species, Common
forms include: ,

« Peritrichous - Many flagella found at numerous locations about the cell ;8\:5
* Polar - Single flagella found at one of the cell poles "
* Lophotrichous - A bunch of flagella found at one cell pole E

Flagella are complex structures, composed of many different proteins, including Jlagellin, which
makes up the whip-like tube and a protein complex that extends through the cell wall and cell
membrane to form a motor that canses the flagellum to rotate. This rotation is normally driven by
proton motive force and is found in the body of the cell,

Fimbriae and Pili:

Fimbriae are protein microfibrils that extend out from the outer membrane, They are usually short,
half as thick as pili and present in high numbers on the entire bacteralzail surface. The function of

3
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Pili-are similar in structure to fimbriae but are much longer and present on the bacterial cell in low
numbers. Pili are involved in the process of bacterial conjugation, Non-sex pili also aid bacteria in

v
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4) Anatomy of bacterial cell I - bacterial spores <l - cztd condnet

Noxae: agents capable of exerting a harmful effect on the body.

A bacterial spore or endospore is a dormant, tough, and non-reproductive structure, which is
produced by G+ bacteria, Among hufian pathdgenic bacterfa, only Clostridium and Bacillus
produce spores, -

phase through long periods of starvation and other adverse environmental conditions, Also, they are

They are also resistant to uitraviolet and gamma_rad; ion, desiccation, lysozyme, starvation, and
chemical disinfectants, Endospores are commonly found in soil and water, where they may survive
for long periods of time,

In unstained preparations, the spores are larger than lipid inclusion granules and often oval in shape.

The location of the endospore in the bacterium differs among different species and is usefil in
identification. The main types within the cell are .
- Terminal: seen at the poles of cells ~ €. tebmni
- Subterminal; those between these two extremes, usually near the poles but close enough to
the centre as well, so can’t be considered either terminal or central = Racillug Suiakilis
- Centrally placed: more or less in the middle - Bacllus Cereus
- Lateral endospores: seen occasionally

5) Microbial growth, incl conditions required

Bacteria reproduce by binary fission, which is a form of asexual reproduction and cell division,




The generation time is the time taken for the HARSFISEFISIENATTAGIBIE OR duration of the
growth cycle. On average it is usually about 30 minutes. Other examples: E.coli — 20mins,
Mycobacterium tuberculosis (TBC) — about 12 hours.

Since the number of bacterium double generation time, we can say that bacteria multiply by

geometric progression,

E.g. If the generation time is 30 min, after 24hrs theoretically one cell gives origin to 2% = 2.8x10"
cells, However the actual amount of cells produced, is approximately 5 orders less (i.e. around 10°
cells). This amount of cells can be seen by the naked eye and in a liquid broth it appears eloudy or
sedimentation occurs at the bottom or a pellicle is seen at the top. In a solid medium (agar), a

bacterial eolony is formed. @ @ U

The result 10°cells/24hrs applies for stationary cultures, in which nutrients are consumed and
metabolites accumulate. The speed of multiplication changes depending on time and the growth of
the bacterium can be illustrated by the use of a growth curve,

A growth curve depicts the number of viable cells in the logarithmic scale, depending on the age of
culture, ‘

There are 4 growth phases, and they
'gradually change from one to the other:

- Lag — microbes are growing but not
dividing. During this phase, bacterial
growth cycle, synthesis of RNA,
enzymes and other-molecules occurs,

- Log (exponential) — cells are
dividing at a constant speed. The
relation between the no. of lving
cells and time is exponential, There
are more than enough nutrients to allow the cells to grow, .

- Stationary#- the nio.’of cells is stable™ the no. of cells being produced = no. of cells dying.
Here the growth rate slows down due to the lack of nutrients and the accumulation of
metabolites.

j - Death —no. of cells dying > no. of cells being produced. Here the bacteria have run out « of
nutrients and die.

Growth conditions:

(D- _S;Igmp_cr_atﬁt?: most bacteria grow optimally at human body temperature (37°C), e.g. E.coli,
which is part of the noimal human intestinal micro floraj Some can survive at higher/lowet
temperatures than the human body temperature.

I'S_H:_-’goptirmi conditions are between 6.7 =751 However some other bacteria, like vibrio
cholera, can survive in pH conditions as high as 9.0 and gastric helicobacter can survive in
acidic pH. )

. e R Lot . o 7 A —;-, '.
multiply on sweaty skin, where the concentrations are about 10%. = used gn BA =) Selectine madac thin

@ -
@ - NaCl concentration: should be about 0.9% (physiological saline); Staphylococei! can
&

Nutrient§: need to be in the correct balance of carbon, nitrogen, hydrogen, sulphur, iron etc.
for synthesis of specific bacterial compounds. Some bacteria also require “growth factors,”

i.e., organic compounds they are unable to synthesise themselves. /

G




@- > Osmotic Pressure: Bacteria are about 80-90% water; tfley require moisture to grow becayse

) they obtain most of their nutrients from their aque ous environment.?
@- Ahaerbbés/aerobgs_:j oXygen may or may not be needed, depending on the species of bacteria
and the type of ni_étm:n used to extract energy from food. In all cases, the initial

breakdown of glucose to pyruvic acid occurs during glycolysis, which produces a net gain of
two molecules of ATP. T

6) Microbial metaholism

This is the way in which a microbe obtains energy and nutrients it requires, to survive and reproduce.

The processes can be anabolic (synthesis of compounds and the consumption of energy) or catabolic
(break down of substrates to gain energy).

Human pathogenic bacteria are always organotrophic bacteria (or chemo-

organotrophs),

Catabolic Reactions:

- Digestion — bacterial exoenzymes split the nutrient substrates into smaller molecules outside
the'ce

- Uptake — nutrients are takerup by Rassive diffasion, or more usually active transport through
the membrane

- Preparation for Oxidation — phosphorylation ete
- xidation — rémoval 6 electrons and B Tons. The H, atoms are then transferred to the

hydrogen aceceptor.
There are 3 types of catabolism: 7
1) Fermentation — breakdown of nutrients withoutvthe need for oxygen. Only small amounts of
" energy are produced. Products are lactate, ethanol etc
2) Aerobic Respiration — uges oxXygen and a small amount of nutrient provides a large amount
of energy. Products are CO; and 1,0
. 3) Anaerobic Respiration — anothar electron acceptor
The type of catabolism is related to oxygen consumption:
1) Facultative anacrobes — they oxidise nutrients by respiration and fermentation. They can
grow in all conditions, T
2) Obligate (strict) aerobes — they can only reproduce in the presence of oxygen,
3) Obligate (strict) anaerobes — they die in the presence of oxygen. Their vital enzymes are
inhibited by oxygen. ‘
4) Micro-aerophile bacteria — grow in conditions with traces of oxygen,
5) Acrotolerant anaerobes — they don’t utilise oxygen for growth but can survive in its’
presence,

_§)_C@LQphil&bacteria;theyneedhig—heramountsnf CO;

7) Media for microbial grovwth — exami)les

Microbes can be grown on a solid medium orin a liquid medium, usually called a liquid broth,
There are 2 types of liguid media:

* Multiplying media: the most common and universal one, ¢.g. broth for aerobic culture and
VL broth (Viande-Levure)— Stricfly omannobey

* Selectively multiplying media: only some bacteria can grow in this, e.g. selenite broth for
salmonella )




py

4) Micraragrophile bacteria — grow in condttlons with traces of oxygen,

5) Aerotolera : ' vSurvive ini' !

“presence.

Microbes can be grown on a solid medium orin a liquid medium, usually called a liquid broth. |

There are 2 types of liquid media:

for streptococci and enterococci.

o Diagnostic media: they don’t selectively grow any bacteria, since they don’t suppres Ethe

growth of any microbe. Their contents. allow ‘microbes to.grow. and _they can .
differentiated accordmg to some properttes eg b!ood agar to observe haemo
properties.
Special kinds of diagnostic media are chromogenic and fluorogenic media, _
- Chromogenic media: they contain a dye with bound speciflc substrate. The dye |
- - colour and is no longer a dye but achromogen. -~ - - -
Bacteria are ahle to break down this specific substrate and change the spe

be
|\/‘t!C

DSES

cific

substrate to the original dye. The media can contain more chromogens, depending

~ on the number of species you want to differentiate, It is used for yeast cultures. ...

~ Fluorogenic media: works in the same way but uses a fluorescent dye instead.
" Blood Agar: on this you ¢an sée haemolysis of RBCs, whether it is absent, partial or total
_ also possible to see viridation (goes green). Total haemolysis shows up due to 8-hemd
activity, whereas partial haemolysis is due to a-hemolysns activity and it appears gree
- hemolysis refers to the lack of haemolytic activity. -
BA is an enriched medium, although it can a also be classed as a dlagnostic medium, there

Itis
n. y-

fore

“it'tan be classed as both (sometimes).
Endo Agar: it is a selective and diagnostic.medium, used to grow some G- bacteria (not
The growing bacterla can be divided into or . Lag
‘positive bacteria are Usually milder pathogens that lactose negative onesl T
Other selective media;: McConkey media, XLD and MAL— these ones are selective
diagnostic media used to grow Salmonelia.

Hajna medium is grown in test tubes, even though it is a solid medium: This is because itls - -

alll),
tose

and

~ used for biochemical testing and to see the difference between the lower part (no oxygen

access) and the upper part {surface of the medium).

and - -

- o---Multiplying media: the most common and universal one, e.g. broth for aerobic cuiture
VL broth (Viande-Levure)
"o Selectively multiplying media: oniy some bacteria can grow in this, e.g. selenite brot}) for
- - salmonella - - : e e e s 4
L[qu;d broths are used when there is oniy a small amount of mlcrobes in the spemmen and when
" they multiply quickiy. o ' '
-~ Solid media: there are several types of this as welty—---— -~ - -~~~ o
e Selective solid media: similar to the liquid broth, only certain bacteria can grow in this, from
a mixture of several bacteria, e.g. blood agar with 10% NaCl is used for staphylococci.
--Sometimes antibiotics-are also added for selectivity, e.g. blood agar with -amikacin- is selegtive.

lytic.



Name

Class Colour Type For
Broth yellowish Hinlvi aerobes
VL-broth Liquid media darker Mutipiylng - anaerobes
Selenite broth pinkish selective multiplying Salmonella
Sabouraud Agar solid media in test white selectlv'elzjo(o'r}ly with Fungi
: tubes! antibiotics)

Lowentein-Jensen ) green enriched - TBC
Blood Agar red enriched + diagnostic majority of bacteria
Endo Acar . . . - mostly

g pink selective diagnostic enterobacteria
Miiller-Hinton (MH) . . antibiotic
agar white 5P ecial susceptibility
NaCl Solid media on Petri - selective staphylococci
VL-Agar Dish red enriched + diagnostic anaerobes
XLD (and MAL) selective diagnostic ~ Salmonella
Chocolate Agar enriched Hafamop P“i’
Niesseriae
Levinthal Agar yellowish enriched Haemophili
Slanetz-Bartley pink selective diagnostic Enterococci

8) Sterilisation

Sterilisation refers to any process that effectively kills or eliminates transmissible agents (such as
fungi, bacteria, viruses, spore forms, etc.) from a biological culture medium. It doesn’t, remove
prions. it can be done in various ways, such as use of heat, chemicals, irradiation, high pressure or
filtration.

in microbiology, sterilisation is done in the following ways:

1) Hot steam under pressure: it should be saturated steam, which is only suitable for objects
made of glass, metal, ceramics, china, textile, rubber and some plastics. Temperature ranges
from 121-134°C

2) Hot air sterilisation: in apparatus with artificial air circulation: 180°C for 20mins, or 170°C for
30mins, or 160°C for 1hour. Used for glass, china and metal

3) Hot water sterilisation under pressure: NOT USED ANY MORE!

"4y Gamma-ray sterilisation in industrial production; e:g: single usegloves — -———- — -

5) Plasma sterilisation: in a high frequency electromagnetic field. This is a new method

6) Chemical sterilisation using formaldehyde vapours or ethylenoxide: in situations disabling
the use of physical methods.

7) Fire sterilisation: for microbiological foops only. Incineration of waste

The method to use for sterilisation depends on the resistance of the materials to various
temperatures, humidity, chemicals etc. Also, the temperature and time has to be sufficient enough
to kill the microbes.

To check how effect the sterilisation was, indicators that change colour can be used at certain
temperatures. This is the chemical method. There is a biological one as well, which consists of using
resistant strains of Bacillus genus. Since they are resistant, their survival is assessed at the end of
the sterilisation cycle.




9} Disinfection

This means cleaning of surfaces by destroying all harmful microbes, i.e. all pathogenic organisms,
which may cause an infection.
Disinfectants are anti-microbial agents that can be used to destroy microorganisms. Some are
suitable for surfaces or tools whereas others are suitable for the skin only.
Disinfection can be done by various methods:
e Physical methods: by boiling
o At normal pressure for at least 30mins (in medicine}
o In pressure vessels but for a shorter period of time
e Other physical methods such as filtration, sunrays, UV rays etc
¢ Chemical disinfectants:

o Oxidation reagents: peroxides, e.g. peracetic acid, it can be used for spores, fungi
and TBC. Disadvantages — it is highly aggressive, causes decolourisation of textiies
and instability of solutions

o Hydrogen peroxide: similar to the above, but less effective and aggressive.

o Halogen preparations: hypochlorite, e.g. Sodium hypochlorite (bleach), calcium
hypochlorite

o Chloramine

o lodine Solutions

The effectivity of various disinfectants to various organisms, can be found in booklets where they
are divided into different groups, which are alphabetically arranged, e.g. A = effective to yeasts and
bacteria, B = effective against viruses, C = bacterial endospores, T = TB mycobacterium, M=
atypical mycobacterium and V = filamentous fungi.

10) Mechanism of antimicrobial drug action

“IDEALLY THE ANTIMICROBIAL AGENT SHOULD ACT AT A TARGET SITE PRESENT ON THE PATHOGEN,
AND NOT ONJHE HOST CELL”.

eans that it kills the cells and the process is, hence,
is bacteriostatic stops bacterial cell growth and is
use in patients with normal immune defense, which
then can take care of the infectjgh by normal immune response. However, it's not suitable for

irreversible. An antimicrobial drug
reversible. Bacteriostatic drugs are

Antipdrasital agents against parasites
imycotics against yeasts and molds
Antivirotics against viruses
= Antituberculotics against mycobacteria
*  Anptibiotics against bacteria

10
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General bacteriology @

14, The strategy of antimicrobial chemotherapy

Antimicrobial chemotherapy is the use of chemical agents for antimicrobial action, which
work by either killing it (bactericidal) or stopping its growth (bacteriostatic).

The strategy of the antimicrobial agents is to have a target site exclusively present on the
microbe and not on the host cell > SELECTIVE TOXICITY:

Selective toxicity with desired properties of a new antimicrobial agent:
«  Selectivity for microbes rather than mammalian cells,
Puihitio Cidal activity. : ‘
»  Siow emergence of resistance.
Narrow spectrum of activity.
Non-toxic side effects to the host. e 4
Long plasma half-life (so, low dosage is possible). ) . e TofecTicd
Good body distribution. - to mﬁ\ don ?Qmw TR S odipre h
Decrease in plasma protein-binding.
No interference with other drugs.
Easy administration.

The antimicrobial agents target cell wall, protein, and nucleic acid synthesis; metabolic
pathways, and cell membrane functions.

Triangle relationship:

Antimicrobial agents

/N

Human host <«——» Microorganisms

(Interfering with one side of the triangle will affect the other parts).
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15. Bacterial genetics

Bacteria can have primary resistance (i.e. innate resistance), and some bacteria can acquire it
(secondary resistance).- ¢ '

Bacteria can rapidly develop secondary resistance, as seen in many cases, e.g. Staphylococcus
aureus,

Resistance can become present because of:

1) Single chromosomal mutation in one bacterial cell - change in one protein,
Although, this is rare. P
2) Series of mutations. A 1

When there is an antibiotic present, these mutations within the microbe become more _____——
probable, and hence, the risk of acquiring secondary resistance increases. . Fonnnid Yhrte
Secondary resistance is acquired by genes on transmissible plasmids (the cell can even £ Apr&td

acquire multiple resistance in this manner, so-called infectious resistance).

Resistance genes may also occur on transposons (‘jumping genes’) = these genes can

integrate into chromosome {more stable location for the genes but slower spreading of genes

than plasmids) or into plasmids.

An integron = site of multiple resistances (cassettes of resistance}, It is found in plasmids,

chromosomes and transposons.

Resistance gene cassette
Integrons

Transposons
Chrimosomyplasnﬁd
Mechanism of resistance:

® The target site may be altered - lowered affinity.

= Access to the target site may be altered (altered uptake, efflux mechanism, decreased
cell wall permeability).-

* Enzymes that modify or destroy the antimicrobial agent may be produced e.g. beta-
lactamases, amino-glycoside modifying enzymes, chloramphenicol acety! transferases.

Epidemiologically important resistances:

* MRSA (methicillin resistant staphylococci) — oxacillin or other beta-lactams cannot
enter the cells, Many MRSAs are also resistant to other drugs, e.g. macrolides,
lincosamides etc.= due Fo ) [ehdunges in PRP]

» VISA, VRSA (vancomycin-intermediate Staphylococcus aureus, vancomycin-
resistant Staphylococcus aureus) — staphylococci partially or fully resistant to
glycopeptides (e.g. vancomycin).

* VRE (vancomycin resistant enterococci) — they spread easly. Enterococc1 are found
in many people’s intestine.
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16. Pathogenicigg and virulence

Pathogenicity = the ability of a microbe to be harmful'and cause disease (alter the state of
health). | SR .

Infectiousness < the ability to cause infection.

In a disease, Symptoms are present i.e. disease x symptoms. The relation between infection
and symptoms is following, infection x no symptoms (inapparent) or sympioms.

Microbes can also cause food poisoning apart from infections.

Three fg}:;lg_srq_f symbiosis:‘__‘ s o
1. Mutualism]- when both parts are benefitting from each other (©,@).

24

2. Commengalisin -/ when &7 O PR BEnGtits from the symbiosis! the other part
femains unaffected (©,-). ' _ , _

3. Parasitisml- when 5iié part henefits fidm the other part but at the same time

tiegatively affecting it (©,8),

RNt

Microbe<—» Host

% 2

Environment
Illness is not a rule - peaceful co-
existence is usually better for parasitism|

y depens on: |

ial specie$- pathogenic x nonpatho génic. {

eclég- susceptible x resistant, |
> Primary obligate pathogens: they cause infections In healthy individuals classical

Qﬁegﬁqﬁsj e.g. diphtheria, typhoid fever, plague, gOﬁo'rrhoeae, tetanus, influenza, etc,

> Opportunistic (facultative) pathogens: fiismbes of tormal flora reach other parts of {
the body, ‘where they shouldn't be present, They can also spread to other locations
when the person has decréased immunity; E.g. of facultative pathogens are E.coli (1%
of normal colonic flora), Staphylococcus epidermidis (normal in skin and mucosal
flora).

Virulence & the degree or measure of pathogenicity, It defines the Property of a certain strair]

‘whichcould be highly Virtilent or almost avirulent.lt is the relative ability of a pathogen to
cause disease. h '

- LD 05¢).- it s the airiount of microbe that is able to kill 50% of!
‘experimental dnitials; ™,

Indicator of strain virulence: (ability to kill)

. Attenuation?it's a method causing aitificial weakening of virulence (e, g. to produce
attenuated vaccines 2 BCG vaccine against TBC).

Three elements of pathogenicity and virulence:
1) Communicability (transmissibility):—' ability to be transmitted between hosts, H
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2) Invasweness - ability to:
* 3 Enter the host

Abllity to overcome ths
e b Multiply nits immune defense of tha host
_* ¢ §§f§§§ inside it}
3) Toxicity %ab__'lty'to do harm to the host!
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General bacteriology

17. Colonization and invasion pusiencs of boekesia on o bodsy sutfoce wsithod Catigung

A, Ehe fason,
Colonization means the colonization of a nonﬁtgf’ﬁ’t)gé'z(ﬁ% microbe {or by a pathogen which

does ngt cause pathological symptoms at that area) on a bodily surface. It is the establishment
of a stable population of bacteria on the host,

Invasion is when the microbe enters the host, and it is usually through the mucosae. It is also
commonly preceded by colonization (overcoming the possibility of commensalism (=
symblosis: ©,-)}. For successful entry of the microbe it needs to adhere to the epithelium by
means of adherence factors, and penetrate through the epith. by means of penetration factors,

Adherence factors: %?ﬁh&)ﬁﬁ)ﬂs
1) Fimbriae (pili) - thiir end reacts with a receptor on the epithelial surface,
2) Nonfimbrial adhesions ~hemagglutinips of yersinae, bordetellae, F protein of
streptococcus pyogenes.
3) Viruses - they can envelope projections (hemagglutinin) of influenza virus,
Glycoprotein gp120 of HIV is also an adherence factor.
4) Parasites - suc themselves to the mucosae.

5) Micromyocetes — glucans and mannans of yeasts, & keratophilia of dermatophytes
{skin moulds).

Penetration facgtors:

* Direct penetration:
> Small cracks in skin,
> Small cracks in mucosa.
> Animal bite,
> Arthropod bite,
> Enzymes.

* Forced penetration:
» Changing cellular framework (invasines),
» Ruffling (trouble) of epithelial surface (e.g. Salmonellae)
> Unknown mechanisms.

Multiplication:

* Intracellular multiplication - better because of good nutrient supply, & defense
against host immunity. E.g. of intracellular parasites are mycobacteria, rickettsiae,
chlamydiae, usteriae, salmo o

*  Extracellular multiplcation - stopped by antibacterial substances (e.g. complement,
lysozym, antibodies) but mostly because of shortage of free irgn (lactoferrin,
transferin), and also high temperature. =

e ...
Spreading of the microbe in the body:
* Localized infections 1(:;;)Immon cold, salmonellosis, gonorrhea),
" Systemic infections (influenza, meningitis).

* Generalized infections (morbilli, typhoid fever, and even localized and systemic

infections). {» Heasig
> Way of spreading:
- Blood

- Per continuitatem along nerves
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Invasion by transmission;

The way of transmission - exit point of the body, and entry point of the host,
Microbe tenacity - degree of resistarice to the extertia] envirofiment. E.g. Clostridium
tetani, Giardi lamblia, and Helminth eggs (Taenia saginata) are al] Spore forming, so,
that they can survive in the external environment. :

Minimum infectious dose - amount of microbes required to stagt Infection, An
immune person has a high infectious dose Coxiella burnetij, which causes Q fever, hag
an extremely low infectious dose of only 10° celis,

Behvaiour of the host - immune defense reflexes (cough, sneezing, diarrhea).

Way of elimination - every biological substance is infectious.

Amount of eliminated substance,

shigellae). :
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18. Aviodance of host defense mechanisms

Ability to overcome the innate immunity by:
(® - Resisting complement,
(3 -  Inhibiting complemént activation,
( - Protecting one’s own surface. -
@ - Resisting phagocytosis by not getting engulfed, or by surving inside the phagocyte.

£

@ - Interfering with the cytokine functions,

@ Resisting complement system:
It’s achievable by: '

» Formation of capsule {shielding surface molecules), e.g. seen in meningococci,

%?Q!MOQOCCI-

> ctivation of inhibiters, e.g.. gonococci add sialic acid to terminal saccharides,

> Production and regulation of factor H (= regulates the alternative pathway of the
\phbify¥ complement system), €.g. many viruses, E.coli, Strept, Pyogenes.
‘ > Production of enzymes splitting C3b and C5a, e.g, Strept, Pyogenes and

; Pseudomonas aerugingss, Bucking (ormplineut Austom |
> Protection of the surface, e, g. Salmonellae and E.coli in S phase, and flagellae of
q motile bacterta.

The ability to resist the complement system leads to seroresistance,

@ Resisting phagocytosis;
> Not allowing to become engulfed
* Inhibiting chemotaxis - e.g. bordetellae, vaginal anaerobes,
pseudomonads.
* Leukocidins and lecithinase (causes myonecrosis and hemotlysis) ~
produced by staphylococci, streptococci, pseudomonads, & clostridia,
* Formation of capsule - by agents of meningitis and preumonia, e.g,
- Neisseria meningitidis, Haemophilus, Influenzae, E.coli, Streptococcus
pneumoniae, Klebsiella pneumoniae.
» Surviving inside the phagocyte
" Blocking phagolysosome formation, e.g, Chlamydia, Mycobacterium,
Legionella, Toxoplasma. '
" Escaping phagosome ~ e.g. Rickettsla, Shigella, Listeria, Leishmania,
Trypanosoma.
" Production of antioxidants — e.g. staphylococci gonococei,
meningococci,

" Marked tenacity (i.e. persistency) - seen in Coxiella and Ehrlichia,

Overcoming acquired immunity:;
The microbe attempts to avoid antibodies or lymphocytes by:
> Reproducing quickly, e.g. respiratory viruses, diarcheal agents, malarial plasmodia.
» Deceiving the immune system
1. Hiding:
= Inside ganglions - HSV, VZV (Varicella zoster virus — one of the eight
herpes viruses = chicken-pox in children).
*  On intracellular membranes — HSV, adenoviruses.
* In infectious focuses Mycobacterium tuberculosis, Echinococei.
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At privileged sites — agents of mucosal infections, Toxoplasma gondii in
eye, retroviruses in celiular genome,

2. Changing one’s own antigens:

Antigenic mimicry - Strept, Pyogenes, Treponema pallidum, Mycoplasma
pneumoniae,

Yy Antigenic camouflage - Schistosomes (= blood proteins), Staphylocccci.

Q|_> protein A; Streptococci -> pratein G; cytomegalovirus > BmG,

"~ Antigenic variability ~ trypanosomes, borreliae, gonococci, influenza

, virus,

3. Inducing tolerance - cytomegalovirus (CMV - a herpes virus), rubelia
virus, leishmaniae, Cryptococci, maybe HIV. -
> Suppressing immune response

Invading the immune system - HIV, measles virys,

Interference of cytokine-formation ~ Mycobacterium leprae, protozoa,
Production of superantigens — staphylococci, streptococci.

Production of proteases'~ meningococci, gonococci, haemophil,
preuomococci,” '

Binding of Fe¢ fragment (= fragment crystallizable region - activates the
immune system) - staphylocooci, streptococci, HSV.
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19.Bacterial toxins and aggressins

Bacterial toxins is one of the stages of Bacterial pathogenesis.
Entry into the host '

Adherence of the microorganism to the host cell

propagation of organism

Damage to the host cell by bacterial toxins

Evasion of host secondary Defenses

Bacterial toxins are two type:
* Endotoxins
. Exotoxing

Exotoxins: are proteins secreted by both gram-negative and gram-positive. They are the most -
poisonous substances known. o
Exotoxins have 2 polypeptide components:
*®  one is responsible for binding to cell membrane -
: *  and one is responsible for the foxic effect
Such as Diphtheria toxin:is an exotoxin secreted by Corynebacterium diphtheriae. It is an enzyme
that block protein synthesis.Cholera toxins: result in jonic imbalance and loss of water,

Treatment: most antigens are inactivated by moderate heating(60 degree). In addition treatment
with dilute formaldehyde destroys the toxic activity of most exotoxins - toxoids( are usful in
preparing vaccings: )y : e
(o @
Endotoxins: are heat stable, lipopolysaccharides (LPC), which are Eot secretedfbut instead are -
{nfegral comme of the allpf gram-negative bacteria (not the gram-positive). 6

They are released into the host’s circulation ollowing bacterial cell Iysis.

Main effect is fever, shock, hypotension and thrombosis, result to septic shock, These effects are
produced indirectly by activation o7 complement, and activation of The coagulation cascade, Death,
can result from multiple organ filure, e —

Aggressins: invasive bacteria are those that can enter host cells or pentrate mucosal surfaces,
spreading from the initial site of infections, Invasiveness is facilitated by several bacterial enzymes,

most important are collagenase and hzaluronidase. There enzymes degrade com onents of the

. Ll

wmaﬂux, providing the bacteria with easier access to host cell surface, Invasion is
ollowed by inflammation, which can be either pyogenic(involving pus formation) or
granulomatous ( having nodular inflammatory Jesions), depending on the organism.
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Antigen: is a substance capable of provoking the lymphoid tissues of an animal to respond by
generating an immune reaction directed specifically at the inducing substance, .
It need to be foreign to the body, molecular weight that is higher then 5000 Da, chemical complex,
The reaction of an animal to contact with an antigen, called :
acquired immune response;

*  humoral response

¢ cell mediated response

* Sequential epitopes : L) ow G{i o W\a(/wme&quo
. * Conformational epitopes Hiok " )2060%«:336& % %fmmwﬁ
Antigen Recognétion: Aﬂﬁw’“

Two separate recognition systems:
*  humoral immunity

- *  cell-mediated immunity '
Humoral immunity: Antibody is the recognition molecule, This glycoprotein is produced by plasma
cells and circulates in the blood and other body fluid. Antibody is also present on the surface of the
B lymphocytes. The interaction of this surface immunoglobulin with its specific antigen is
responsible for the differentiation of these cells into plasma cells, Antibody molecules, whether free
or on the surface ofa B cell, will recognize free native antigen,

T- dgppliocyytan

Cell-mediated immunity: tigen receptor will only bind to fragments of antigen
thatare associated with products of the major histocompatibiiity complex (MHC). T cell recognition
of antigen is said to be MHC-testricted, This MHC-restricted reco ghition mechanism has evolyed
because of the functions carried out by T lymphocytes,
The joint recognition of MHC molecules and antigen ensure that T ce]] makes conteact with antigen
on the surface ofthe appropriate target cell,

every T cell.

Examples of bacterial antigens:

*  Somatic or O-antigen: composed of repeating oligosaccharides.‘_Such as gram negative-
bacteria E, colj - .

* flagellar protein or H-antigen: structure protein which make up flagella then enter in the
organism with motility, Enteric bacillj _

* Capsular or K-antigens: acidic ponsacc_harid?, external to cell wall such as Salmonelta,
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21. Immunoglobulins, = DAMAGE & Hertides.

Antibodies:
© % Glycoproteins.
* Presenting the serum and body fluids
* Induced when immunogenic molecules are introduced into the host’s lymphoid
system

* Reactive with, and bind specifically to, the antigen that induced their formation
There are five distinct classes or isotypes of immunoglobulins: IgG, IgA, 1gM, IgD and IgE.,
They differ from each other in size, charge, carbohydrate content and amino acid composition,

DAMAGE

Antibody structure: ail antibody molecules have the same basic Tour chain structure, composed of
two light chains and two heavy chains. ' B

1gG: = Matune NUAPOMAR |
e Monomer’ oW

* major immunoglobulin of serum Truma

* existas:IgGl, IgG2, IgG3, IgG4  omd bele

e IgG is the major antibody of secondary response and is found in both serum and tissue fluid.
¢ [Itis the only antibody that

capable ovg_‘crossmg_the blacenta and giving passive immunit

is
e e S R ey

to fetus%e S SR T R SRR
IgA: i
e Dimmer 4 30rova g couta AHOW

* Found in breast milk, mucosal areas, respiratory tract, urogenital tract, =) Mvened "QPEMC‘Q Ay
* Subclasses: IgAl, IgA2 : :

IgM: == Twavaving 0P e W ac{"bb\/ _
® Pentamer
* Large size hence confined to intravascular pool
* Fir antibody type to be produced during immune response.

IgD: ' T "
e Monomer : (7. of c’*‘”c"‘o":h"%’ Abs
* Many circulating B cells have IgD present on their surface,
iq&g;p\ af? I‘% pzcclucﬁ%\ Tope Wit ”.I{:g,M
IgE: .
*  Monomer
¢ Present in very low levels
* Found on the surface of mast cell .80d basophiles,
[

T

Triggers histamine release from mast cells and basophiles, involve allergy,
lgG- Igh  Igp

W 8

TgML

R




22. Antibody function in Infection:

e ob
Primary function of an antibody is to bind the antigen that induced jts formation. The binding of the
antigen is mediated by the Fab portion and Fs region controls the biological defence mechanisms.
For every antibody the paratope is different, F

Neutralization:

composed of distﬁphide bond,
9Ths hafes s amoval of aproiggd b by 7 g
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products recognized by the innate immune system (PAM
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23) Immune System

It is one of the homeostatic mechanisms of the body, It is a system of biological structures
and processes within an organism. His main functions are the recognition of foreign or
dangerous substances, the triggering complex reactions that eliminates, or attack to tumour

or viral infected cells. In order to accomplish that he needs to detect and distinguish them -

from their onw healthy cells and tissues.

The immune system is divided in: 38@@-&5‘“; reactions
Innate, non specif Immunity: is the first line of defence against infectious agents, and
most potentials pathogens are checked before they establish an overt infection, Is quickEy
{min-hours), recognizes foreign substance, eliminates them, has no memory. -
Adaptative/ Specific immunity acquired immunity: produces a specific response to
each infectious agent, and the effector mechanisms generated normally eradicate the
offending material. It makes the distintion between self and non-self, Longer (requires

several days), but has immune memory, :  |nnates

The immune system consists of a number of organs and several different cell types. All cells .
of the immune system — tissue cells and white blood cells or leukocytes- develop from
pluripotent stem cells in the bone marrow. The production of leucocytes is through two

(aen),

G 12y &

NE

TEE

main pathways of differentiation: o S_’l‘y_{(;c_:) cells
natural killer cells,

Lymphoid lineage- T/lymphocytes, b/lymphocytes and (NK)
Myeloid pathways- mononuclear phagocytes, monocytes and macrophages and
granulocytes, basophils, eosinophils and neutrophils

24) Innate immunity Characteristics and humoral mechanisms
Tuncale Tty S

This kind of immunity doesn’t depend on prior exposure to any pérticuiar organism. The
innate defence mechanisms are Fonspecificiin the sense that they are gffective ‘againist o/

Wide range of potentially infectious agents.f
The components of the innate immune system Tecoghize structures that are unigue to §
miicrobes like .complex of lipids ‘and ‘carbohydrates such as “peptidoglycan of bacteria, /

CEEE LA

/sacharideés of gram/negative bacteri te :

manngse containing’ oligdsaccharides found In many" microbial molecules. fTherefore the
innate immune system is %betorecognizenon/selfgtructures?and react appropriately but
does not recognize self structure, so the potential autoimmunity is avoided. The icrobial
APs- pathogen/associated molecular
patterns) are essential for survival of the microorganisms and cannot be easily be discarded

or mutated. Different . _f:_’lléi_'s'sgsﬁ’;?gﬁ;g}it_:ro_qrgg_nisms_'.iféxpfés's “differént ‘PAMPs that are

recogmzed L_bywd_riffél*ént‘pattérn recognition Feceptors (PRRs).70n host cells and circulating
molecules. :
Innate defences act as the initial response to microbial challenge and can eliminate the

microorganisms from the host. When'it is insufficient, it playsa critical role in the generation ;

- : 1

of an effective acquired immune responsé. Cytokine prodiced by the innate immune system;

L VAR v

fesponse that develops, 1

ctefia, fipoteichoic acid in gram/positive bacteria and {

~agents¥are present and influence the type of acquired ‘immune'g



' Humoral defence mechanisms

ERat it

Lysozyme o - S
Basic protelrj of low molecular wheight found in reIatively'_gj_ig"_h'_‘g;ggggmmgrgtfp'n,sﬁiqﬂe’ugroﬁﬁ"i_{_s_'? g ‘;9"
as well in most tissue fluids (except CSF, sweat andurine). Flinctions as’a thii t;piytig'_gn;_ymé? ;;‘;'%Lw

Splitting ‘sugars ofithe structliral pepdidoglycan of the 'i"¢§]l“_fwa_l_l;f:j_’gg{;_mgny,. gram-positive }.4
bacteria causing their ysis] In many pathogenic bacteria the peptidoglycan of the cell wall
appears to be protected by other wall components (Iipopo!ysacharides), requiring the use of
other enzymes to remove this protection.

Basic polypeptides

A variety of basic proteins, derived from tissyes and blood cells, have antibacterijal
properties, that depends on their ability to react non-specifically with acid polysaccharides at-
the bacterial cell surface. In this group, spermine and spermidine, which can kill tubercle
bacilli and some staphylococci. Protamine and histone (lysine and arginine proteins) are also
included.

Acute/phase proteins

Thelr concentration rises dramatically in case of infection. Microbial products aas endotoxin
stimulate macrophages to release |L-1. which stimulates liver to produce increased amounts
of these proteins. " _

C/reactive protein binds phosphorylcholine residuesgh the cell wall of microorganisms,
activating the classical complement pathway. :

al-antitrypsin, a2-macroglobulin, fibrinogen and serum amyloid A protein acte to limit the
spread of the infectious agent or to stimulate the host response. )

Interferon — £ W"“’l B

Antiviral agents a- and B participate in Innate immunity in the way that stop the processes
that permit virus to spread,

Complement .

Is composed of a large number (about 30) of different serum proteins present in low
concentrations in normal sérum;some of them are enzymes, other control molecules and
other structural proteins with no enzymatic activity.. Normally these proteins are inactivated
but can be activated to form a an enzyme cascade. There are two pathways of complement
activation, the alternative and the classical, that lead to the same consequences: :
Opsononization - '

Cellular activation

.

f‘:l:ﬁe 2 pathways use different initiation processes, Component C3 forms the connection
between both pathways, the binding of this molecule to a surface is the key process in
complement activation,

Cldssic Pathway, =)D @W 113

The classical pathway is triggered by activation of the Cl-complex {Ciq, two molecules of
Cir, and two molecules of C1s thus forming Clqr2s2), which occurs when C1q binds to Igiv
or 18G complexed with antigens (a single 1gM can initiate the pathway, while multiple IgGs




are needed), or when Clq binds directly to the surface of the pathogen. Such binding leads
to conformational changes in the Clq molecule, which leads to the activation of two Clr {a
serine protease) molecules. They then cleave Cl1s (another serine protease). The Clr2s2
component now splits C4 and then C2, producing C4a,C4b,C2a,and C2b. C4b and C23 bind to
form the classical pathway C3-convertase {C4b2a complex}, which promotes cleavage of C3
Into C3a and C3b; C3b later joins with C4b2a (the C3 convertase) to ' make C5 convertase
(C4b2a3b complex).

EEern%ttvepathway? =) PQ%} /] 13

The alternative pathway is triggered by spontaneous C3 hydrolysis directly due to the
breakdown of the thioester bond via condensation reaction (C3 is mildly unstable in aqueous
environment) to form C3a and C3b. it does not rely on a pathogen-binding antibodies like
the other pathways.., C3b is then capable of covalently binding to a pathogenic membrane
surface if it is near enough. If there is no pathogen in the blood, the C3a and C3b protein
fragments will be deactivated by rejoining with each other. Upon binding with a cellular
membrane C3b is bound by factor B to form C3bB. This complex in presence of factor D will
be cleaved into Ba and Bb. Bb will remain covalently bonded to C3b to form C3bBb which is
the atternative'pathway C3-convertase, The protein C3 is produced in the liver. '

The C3bBb complex, which is "hooked" onto the surface of the pathogen, will then act like a
“chain saw," catalyzing the hydrolysis of C3 in the blood into C3a and C3b, which positively
affects the number of C3bBb hooked onto a pathogen. After hydrolysis of C3, C3b complexes
to become C3bBbC3b, which cleaves CS into C5a and C5h. C5b with C6, C7, C8, and C9
(C5b6789) complex to form the membrane attack complex, also known as MAC, which is
inserted into the cell membrane, "punches a hole," and initiates cells tysis. C5a and C3a are
known to trigger mast cell degranulation.

IgA is associated with activating the alternative path.

25) Inhate imunity- barriers & gell-mediated mechanisms - / - .-’,

K

Non Secific bartiers: Anatomical/Physiloglcal |
T Is a resistant barrier because of its outer horny layer consisting mainly of kératin
‘indigestible -for -most “Microforganisms} the drycondition of the skin and ‘the high
&Eoncen.t_ljgtjgn of ! m:ﬁrgl}nbibitq‘r\( or I'e‘ghalrto many ot\her microorganisms, The
s3ebaceous secretions alid sweat contain also bactericidal-and fungicidal fatty acids./
Thefé'cky [mucous covering the respiratoty tract fct as a trapping mechanism for inhaled
partces, the lia pushy the'Sécretions to ropharynx 5o that they are swallogd  and the—r
 acidic secretions of stomach destroy most of the microorganisms. ¢ " '
Nasdl'secretions and saliva gontain mucopolysacharides capable of blocking virus.

A

The washing action of Tearsiand the flushing of urine are effective in stoping invasion by
microorganisms. '

The natural bacterial flora covering epithelial surface are protective in a humber of ways:
Their presence uses a niche that cannot be used by a pathogen

Compete for nutrients



They produce by-products that inhibit the growth of other organisms.

Cell mediated mechanisms
Phagocytes- cells actively phagocitic (solid particles} and pinocytic (soluble material), contain
enzymes to degrade ingested material intracelularly in specialised vacuoles, are an
important link between the innate and the acquired immune mechanism.
Neutrophils and mononuclear phagocytes engulf rapidly microorganisms Mononuclear
phagocytes are named monocytes in the blood stream or macrophages in the tissues, {In
connective tissue- histiocytes, kidney- mesangial cells, liver- kupfer cells, bone- osteoclasts,
brain- microglia and in spleen, lymph node and thymus as the sinus-linning macrophages).
The phagocytes are attracted by a process- chemotaxis. The chemotaxic factors include:
Products of the Injured tissue
Factors from blood (C5a) .
Substances produced by neutrophils and mast cells (leukotrienes and
histamine) .
Bacterial products {formyl/methionine peptides)
Phagocytosis involves 3 stages: recognition and binding; ingestion and d igestion.
Phagocytes have receptors on their surface that mediate the attachment of particles coated
with the correct ligand - Fc portion of certain Immmunoglobulins isotypes and some of the
components of the complement cascade- opsonins, this enhances the ingestion process
where the particle is surrounded by cell membrane, which then invaginates and produces an
endossome or phagosome within the cell. The microbicidal particles of the phagocyte are
contained in lysosomes preventing the autodestruction of the cells by so toxic compounds,
The phagosome and lysosome fuse forming a phagolysosome in which the ingested material
is digested by a enzymatic complex. This is accompanied by increase in production of
oxygen/dependent killing mechanisms (superoxides and peroxides) and the digestion.

Natural killer cells recognize changes in virus infected cell, cancer cells and destroy them by

extracellular killing mechanism, damaging the membrane of the infected cell, They are

enhanced by interferons that appear to stimulate their production and rate of killing.

Eosinophils polymorphonuclerar leucocytes with bilobated nucleus and granules, in very low

levels. They increase their number in parasitic infections and allergies, they are not efficient

in 'pha'gocytosis but their granules contain susbstances toxic to parasites, that are to big to
" be internalized ‘

26) Acquired immunity- general characteristics
This kind of immunity can be acquired in two ways:

Induced by overt clinical infection or unapparent

Deliberate artificial immunization
Is dependent of exposure of the antigens of the invading microorganism to the cells of the
immune system {macrophages and lymphocytes) to start a specific Immune response to the
materlal. This cells are pre-committed because of their surface receptors, to respond to a
particular epitope on the antigen. ' : .
This response is divided in two that usually develop in parallel: Humoral and cell mediated.
Humoral immunity depends on the appearance in the blood of antibodies produced by
plasma cells. Cell mediated immunity refers to any response in which the antibody plays a
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subordinate role. Depends malnly on the development of T cells that are specifically
responsive to the inducing agent and is generally active against intracellular organisms.

So we can say that acquired immunity is adaptive and has a high degree of specificity in

distinction between self and non-self. The reaction requires several days to be effectively
tnggered There is immune memory.

27) Acauired immunity — humoral immunity

This kind of immunity is named like humoral because is found in the humours {body fluids),
is mediated by secreted antibodies, which are produced in the cells of B lymphocytes. B cells
with co-stimulation (anthem antigen presented cell for example) transform into plasma cells
which secrete antibodies. In this processes also co-operate CD4 T-helper2 cell. The
antibodies will bind to the antigens presented in the surface of the invading microorganisms,
acting like a marker for their destruction recognition of antigens associated with
microorganisms or foreign substances. This recognition is coupled with the ability to initiate
appropriate actions (e.g., antibody production) against these mlcroorgamsms or foreign
substances.

Besides antibody production, also includes: functions of the antibody pathogen and toxm
neutralization, classical complement activation, opsonin promotion of phagocytosis and
pathogen elimination.

28) Acquired immunity — celf mediated Immunity

Macrophages engulf antigens, process them internally, then display parts of them on their

surface together with some of their own proteins. This sensitizes the T cells to recoghize
these antigens. All cells are coated with various substances. CD {cluster of differentiation)
and there are more than one hundred and sixty clusters, each of which is a different
chemical molecule that coats the surface." Every T and B cell has about 105 = 100,000
molecules on its surface. B cells are coated with CD21, CD35, CD40, and CD45 in addition to
other non-CD molecules, T cells have CD2, CD3, CD4, CD28, CD45R, and other non-CD
molecules on their surfaces,

The large number of molecules on the surfaces of lymphocytes allows huge variabllity in the

forms of the receptors. They are produced with random configurations on their surfaces.
There are some 1018 different structurally different receptors. Essentially, an antigen may
find a near-perfect fit with a very small number of lymphocytes, perhaps as few as one.

T cells are primed in the thymus, where they undergo two selection processes, The first
positive selection process weeds out only those T cells with the correct set of receptors that
can recognize the MHC molecules responsible for self-recognition. Then a negative selection
process begins whereby T cells that can recognize MHC molecules complexed with forelgn
peptides aré allowed to pass out of the thymus.

Cytotoxic or killer T cells (CD8+) do their work by releasing lymphotoxins, which cause cell
lysis. Helper T celis (CD4+) serve as managers, directing the immune response. They secrete
chemicals called lymphokines that stimulate cytotoxic T cells and B cells to grow and divide,

cau



respond to a pathogen once it has invaded and been repelled.

29) lmmunodeficiency

Aifunadeficieniy) refers to a group of disorders in which the Immune system does ot 7

= R -

lyi Our bodies’ immune cellsr_attack and kilt what :th_gy_ see as foreign
\ lly bacteria, viruses, and fungi. W ¢ immune ‘system does ‘not work 7

Properly.a persan s imore likely to suffer from fr _.idn-gér‘ii_lasj.t.ing'fii.ﬁfééti'o’r.né,}féftfé‘ﬁf
e e, ST R SOk HCOREEn Al e =l
fre _rgamsms“t,hat__d_qﬁ; rmally mak -most people sick.iCongenital immunodeﬂciency is
present at birth, Another type of immunodeficlency disorder s called &édulred

fife.

The deficlency states Seen are either due to defects In one of the components of the system

itself or secondary to some other disea;g process affecting the normal functioning of some
part of lymphoid tissues. This can be inh "

affected is said to be immune compromised.

PR ELOTE D sy L v "4 . .
_gglfggtlye:j[n_n,ate_ defence mechanisms can be presented in 2 forms:

s deficiéncy in ne

agr: ﬁ'ﬁlds'iﬁ);grécqﬁifed as a resuit of replaceme
foxic effect of drugs or chemicals. §

“Where there s a qualitativi > deficiency In the functi
bacteria normally,

Defective acquired immune defence mechanisms

- gg_ima;y'im__m_u:npgef_iqiéknc_fés Caused by definéd genetic defects, usually rare, ;
bt seviérey

con arise from fallire of any developmental prates
Cell2A complete lack of al leukocytes Is saen fn ret

bone marrow stem cells in the foetus

stem: cell give fise to
e amgsﬁuﬁz iy TR e d s

ut functional phago_cyt_e_sjg?”éﬁfi?é?é’ﬁ?)'} ‘B cell defects give rise to several

h'\'f;ibgé’mmaglobufinaemias, low levels of gamma globulins (antibodies) in blood.
Déficigncies of immunoglobufin synthesis is almost complete in x-finked Bruton's disease
(cell mediated mechanisms function normaily}. Partial defects in;_immqno_glgb_ulip
synthesis: ' e

B 7T

-wi;kotrt-afdrich___syndromeV(,{o@v_lgM, but high IéA _ahd IgE) pyogenic infections, bleeding
and eczema ’
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-dysgammaglobulinaemia- deficiency in one antybody class reduced IgA rest is normal
increased infections of upper and lower respiratory tracts.

: ells*glefects lead to more severe and persistent infections. Lack of t cells is normaily
‘assocrated to r “i_n ,.levels of antlbodlesﬁPattents wuth this defect are prone to \nral N

Secondary immunodeficiencies: Consequence of some other disease {viral diseases are
often immunosuppressive- measltes, human immunodeficiency), treatment (irradiation -
citotoxic drugs and steroids), environmental factors like exposure to drugs or chemicals.
Usually frequent, but usually clinically mild (exceptions: HIV disease, secondary .
aganulocytosis). Deficiency in immunoglobulins can be caused by deficiency in proteins
due to renal disease or intestine in protein losing entheropaty. Malnutrition and iron
deficiency can lead to depressed immuno-responsiveness, particularly in cell-mediated
fmmunity. in contrast to the deficiency states raised immunoglobulins levels are found in
certain disorders of the plasma cells due to malignant proliferation of a particular clone
group of plasma cells (chronic lymphocytic leukaemia or multiple myeloma) malignant
clones each produces a particular type of antibody. Usually with low synthesis of normal

immunoglobulins and associated decrease of immune system to acute bacterial
infections.

30) Immunity in bacterial infections

‘reaking the mechamcal bamers, bacterial substances and phagocytosrs, the
tarts to proliferate in the tissues

'ﬂ}e Qrggeqce of._bacteria -specific_ molecules are recognized by pattern recognitzon;
o G bt T S R SR O Ay S P R L S A Sy H N
;receptors,: leaf:lmg cytokmp release 'These, along wrth trssue damaging bacterial

r _ct_s__ trigger an inflammatory reactlon ‘The resultmg increase in permeablhty leads
to exddetzon o' _se'rﬁr‘f{’protems, mcludmg complement components, ant:bodles; and
clottlng factors as well as phagocytrc célls. By chemotaxis the phagocytes are attracted to
the site of inflammation. An: pﬁylatoxms*generated by complement increase the vascular
permeablhty and encourage exudatlon These mediators also cause: vasodllatatlon

increasing blood flow in the area. The attack is primarily directed to the external
components and secreted molecules. Bacteria are surrounded’ by a cytoplasmlcf
membrane and: peptrdoglycan cell wall;(lysosomal enzymes and the outer lipid layer of-
Gram/negatwe bacteria by cationic proteins and complement} Associated to them can
be a variety of other componeénts such as proteins, capsules, llposachar[des or teichoic
acids. There are also structures associated with the motiltty (flagella or fimbriag usually
attacked by specific antibodies also respon5|ble for inactivating bacterial enzymes and

toxins} or adherence to the cells of the host.'Ultimately in some situations cell mediated
responses are required.




31) Passive Immunization
B —— Wi fbnen

The objectives in immunization are, to produce, without arm the recipient, a degree of
resistance sufficient to prevent clinical attack of the natural infection and to prevent the
spread of the infection to susceptible in the community. In other words, the gains are both
personal and also for the population. The degree of resistance conferred may not protect
against an overwhelming challenge, but exposure may help to boost imm unity.

Passive immunization is where pre-synthesized elements of the immune system are
transferred to a person so that the body does not need to produce these elements itself,
Antibodies are used in this kind of immunization begins to work very quickly, but it is short
lasting, because the antibodies are naturally broken down, and if there are no B cells to
produce more antibodies, they will disappear. Passive immunization occurs physiologically in-
pregnancy in transfer of antibodies from mother to fetus

Artificial passive immunization is used in clinical practice when it’s necessary to protect a
patient at a short notice and for a limited period. Antibodies, which may be antitoxic,
antibacterial or antiviral, in preparations of human (homologous) or animal (heterologous)
serum are injected to give temporary protection. Homologous antisera are much less likely
to produce adverse reactions, and their protection last longer (3-6 months) against
heterologous {few weeks),

Treatment of diphtheria is made with antiserum raised in horse against diphtheria toxin
(equine diphtheria antitoxin), also a similar serum s used in botulism, and still some
countries used equine tetanus antitoxin, that is being replaced by human tetanus
immunoglobulin.

Pooled immunoglobulins

Protective levels of antibody to a range of diseases are present in pooled normal human
serum. Human normai immunoglobulin (HNIG) is short term prophylaxis of hepatitis {A} and
agammaglobulinaemia.

Specific immunoglobulins

Tetanus (human tetanus immunoglobulin HTIG);
Hepatitis B (HBIG)

Rabies (HRIG)

Varicella-zoster (ZIG)

32) Act-lve immunization

Ac_tive immunization entails the introduction of a foreign molecule into the body, which
causes the body itself to generate immunity against the target. This immunity comes from
the T cells and the B cells with their antibodies.
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agammaglobulinaemia.

Specific immunoglobulins

Tetanus (human tetanus immunogiobulin HTIG);
Hepatitis B (HBIG)

Rabies (HRIG)

Varicella-zoster (ZIG}

32) Active immunization

Active immunization entails the introduction of a foreign molecule into the body, which causes the
body itself to generate immunity against the target. This immunity comes from the T cells and the B
cells with their antibodies. :

Active immunization can occur naturally when a person comes in contact with, for example, a
microbe. If the person has not yet come into contact with the microbe and has no pre-made
antibodies for defense {like in passive immunization), the person becomes immunized. The iinmune
system will eventually create antibodies and other defenses against the microbe. The next time, the
immune response against this microbe can be very efficient; this is the case in many of the
childhood infections that a person only contracts once, but then is immune.

Artificial active immunization is where the microbe, or parts of it, are injected into the person
before they are able to take it in naturally. If whole microbes are used, they are pre-treated,
attenuated vaccine.

Depending on the type of disease, this technique also works with dead microbes, parts of the
microbe, or treated toxins from the microbe.

Types of vaccine

Toxoids, when the signs and symptoms of a disease can be attributed essentially to the effects of a
single toxin, a modified form of toxin, that preserves his antigenicity but has lost his toxicity, like in
case of tetanus and diphtheria.

Inactlvated vaccines - If the disease is not mediated by a single toxin, it may be possible to stimulate
the production of protective antibodies by using killed (inactivated organisms} this is donne in
vaccines against Pertussis (whooping cough), Influenza and inactivated Polio {Salk) vaccine.

Attenuated live vaccines

When the inactivation procedure to make an inactivated vaccine destroys or modifies the protective
antigenicity {immunogenicty) of the organisms, the solution is to use suspensions of living
organisms that are reduced in their virulence (attenuated) but still immunogenic. Mumps, Measles
and Rubella vaccines (combined), the live-virus Polio (Sabin) vaccine and the Yellow fever vaccine.
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