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* Microbiology is study of microorganisms, or microbes, a huge
diverse group of generally minute (too small to be seen by naked
eye) simple life-forms includes; bacteria, archaea, fungi, algae,
protozoa, and viruses.
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e The field is concerned with the structure,
function, and classification of such organisms
and with ways of both exploiting and controlling
their activities.

COVID-19 Prevention and Control
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* This field study includes basic microbial research, %% ===~ ,«g
research on infectious diseases, study of Op Wg —

prevention and treatment of disease,
environmental functions of microorganisms, and i

industrial use of microorganisms for commercial, PP

agricultural, and medical purposes. r o= o
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Microorganisms are either unicellular, multicellular or acellular living organismes.
And are either Eukaryotes or Prokaryotes.

* -Eukaryotes; whose cells have a nucleus and organelles (e.g. mitochondria)
enclosed within membranes, may also be multicellular and include organisms
consisting of many cell type forming different kinds of tissue.

* -Prokaryotes is a unicellular that lacks nucleus, mitochondria , or any other
organelle. All the intracellular components (proteins, DNA and metabolites) are
located together in the cytoplasm enclosed by the cell membrane, rather than in
separate cellular compartments.

Prokaryotes vs Eukaryotes

: Cytoplasmic
Nucleoid Capsule membrane

(some prokaryotes)  Endoplasmic
reticulum

Ribosomes

Flagellum

Cell wall

Cell Membrane :
(in some eukaryotes)
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* Viruses are acellular microorganisms metabolically inert and therefor
replicate only within living cells. They are included in microbiology
because of their small size, their close relationship with cells, and
their involvement in numerous infectious diseases.




* Most microorganisms are measured in micrometres, with two
exceptions.

* The helminths are measured in millimetres, and

 the viruses are measured in nanometres.

Calibration
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y The stage micrometer above is labelled 0.01
Calculate the size of one eyepiece graticule unit

Calibrated ocular
micrometer




* Microbes have identified as
causative agents for over 2,000
infectious diseases. Some
infectious diseases are currently
emerging and re-emerging. These
are on the rise because of rapid
travel, the opening up of
undeveloped geographic areas,
guestionable agricultural practices
and food handling, drug resistance,
and increases in people with
chronic medical conditions.




BACTERIA (bacterium)

* Bacteria are microscopic  single-celled
prokaryotic microorganisms that thrive in
diverse environments. Typically a
few micrometres in length, bacteria have a
number of shapes , ranging from spheres to
rods and spirals. Bacteria inhabit soil, water,
acidic hot springs, radioactive waste, and the
deep portions of Earth's crust. Bacteria also
live in symbiotic and parasitic relationships
with plants and animals.

* There are typically 40 million bacterial cells in
a gram of soil and a million bacterial cells in a
millilitre of fresh water.

........
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Nitrogen in the Air

e Bacteria are vital in recycling nutrients, with
many of the stages in nutrient cycles such as
the fixation of nitrogen from the
atmosphere and putrefaction.

Microbes “fix"
nitrogen in
nodules on the
roots of the pulse
crop.

* There are approximately ten times as many
bacterial cells in the human flora as there

are human cells in the body, with the largest
number of the human flora being in the gut

Teeth
Streptococcus mutans ~Ys
Bacteroides

Mouth

Candida
Throat

Streptococci
Trichomonas

flora, and a large number on the skin. The

vast majority of the bacteria in the body are
rendered harmless by the protective effects
of the immune system, and some are

beneficial.

Haemophilus

Lungs Candida
Pneumocysti Pityrosp:
rinit Intestine

Bifidobacterium spp
Bacteroides fragilis
Eubacterium spp.
Enterococcus spp.
Escherichia coli

Urethra and vagina
Staphylococcus
Diphtheroids
Streptococci
Gram-negative rods




 However, several species of bacteria are

pathogenic and cause infectious diseases, |
like

* cholera (Vibrio cholerae),

e syphilis(Treponema pallidum),

e anthrax( Bacillus anthracis)

* leprosy (Mycobacterium leprae)
* and plague(Yersinia pestis ) ,

* The most common fatal bacterial diseases
are respiratory infections, with tuberculosis
( Mycobacterium tuberculosis ) alone killing

about 2 million people a year ,mostly in
Africa.




* In developed countries, antibiotic care
used to treat bacterial infections.
However wrong use of antibiotic might
leads to antibiotic resistance, a growing
problem. In industry, bacteria are
important in sewage treatment and the
breakdown of oil spills, the production of
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Bacterial Morphology

* Bacteria display a wide diversity of shapes and sizes. Bacterial

cells are about tenth-one the size of eukaryotic cells and are
BACTERIA SHAPES

typically 0.5— 5.0 micrometres in length.

SPHERES (COCCI) SPIRALS
* Bacteria can be classified by direct examination with the light gg @& = Ty, K
microscope according to their morphology and arrangement. g5t ™ &E5E N

g‘\.
* Most bacterial shaped (Fig.1) are either: 3 e N

* 1-Spherical (coccus), (e.g. Staphylococcus aureus ). @ y f\jff

Staphylococci Sarcina Spore-former

e 2-Rod shaped with round-ended cylinders (bacillus) et oy o e

 3- Slightly curved rods or comma-shaped (vibrio) (e.g. Bacillus
anthracis ).

 4- Spiral-shaped, called spirilla (e.g. Helicobacter pylori )

* 5-Tightly coiled, called spirochetes (e.g. Treponema pallidum) .



This wide variety of shapes is determined by the bacterial
cell wall and cytoskeleton, and is important because it can

influence the ability of bacteria to acquire nutrients, attach
SPHERES (COCCI)

to surfaces, swim through liquids and escape predators. Bkl

b&\ pyogenes) \
Arrangements of cells are based on the number of planes in s S

Tefrad

which a given cell divides. Cocci can divide in many planes

to form pairs (diplococci) (Streptococcus pneumonia) |, g (:,:75:1{::,::;:;,
chains (streptococci), packets or clusters ( MICrococCi Or  sumewa  sarcioa ”

(Staphyiococcus (Sarcina (Clostridium
aureus) ventriculi) botulinum)

staphylococci ). Bacilli divide only in the transverse plan. If
they remain attached, they form pairs, chains, or palisades

arrangements.




Bacterial Cell Wall

* Bacterial cell wall provides structural safety
to the cell. In prokaryotes, the primary
function of the cell wall is to protect the
cell from internal pressure caused by the
much higher concentrations of proteins
and other molecules inside the cell
compared to its external environment.

* The bacterial cell wall differs from that of
all other organisms by the presence of
peptidoglycan which is located immediately
outside of the cytoplasmic membrane.
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* Peptidoglycan is made up of a
polysaccharide backbone consisting of
alternating N-Acetylmuramic acid (NAM)
and N-acetylglucosamine (NAG) residues
in equal amounts. Peptidoglycan s
responsible for the rigidity of the bacterial
cell wall and for the determination of cell
shape. It is relatively porous and is not
considered to be a permeability barrier for
small substrates.

(B1—4)

Reducing

end

N-acetylglucosamine N-acetylmuramic
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* While most of bacterial cell walls contain
peptidoglycan, not all cell walls have the
same overall structures. There are two
main types of bacterial cell walls, those
of gram-positive bacteria and those
of gram-negative bacteria, which are
differentiated by their Gram
staining characteristics.
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The gram-positive cell wall

* Gram-positive cell wall (Its bacteria stained as
purple colour by Gram stain) has a thick
peptidoglycan layer and it constitutes almost
95% of the cell wall in some gram-positive  verasosied e
bacteria. It also contains teichoic acid and \ % )

= pu Lipoteichoic
lipoteichoic acid directly attached to the | JL G =
peptidoglycan. .- .

* There are two main types of teichoic acid:
ribitol  teichoic acids and  glycerol JIR e st 5?%2&;@';??
teichoic acids. The latter one is more U R B B>

widespread. These acids are polymers
of ribitol phosphate and glycerol phosphate,
respectively, and only located on the surface
of many gram-positive bacteria.
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The Gram-negative cell wall

 Gram-negative cell walls are unlike the
gram-positive cell walls, they composed 3 §°oc §9
of an outer membrane (OM) and a |18 $%88% 8 §
thinner shell of peptidoglycan layer
adjacent to the cytoplasmic membrane. porin
Gram-negative bacteria are stained as Lipoproteins

......

Outer
membrane

i1

Thin

pink colour by gram stain. The outer e 1
membrane contains a unigue werrane __ IUESINNRNRANNIIUIERN] -rcmivane
component, lipopolysaccharide (LPS) in 0o .

addition to proteins and phospholipids.


https://en.wikipedia.org/wiki/Cytoplasmic_membrane

* The chemical structure of
lipopolysaccharides is often unique to
specific bacterial sub-species and s | ueopolysaccharide o ¢
responsible for many of antigenic
properties of these strains.

o”.

Outer
membrane

Porin
* Lipopolysaccharides, also called Upoprotein
(endotoxins), are composed of

polysaccharides and lipid A which are Membrane

Proteins

Thin
" Peptidoglycan
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membrane
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responsible for much of the toxicity of D -

Gram-negative bacteria.



Non typical cell wall

* Mycobacterium and Nocardia contain pe-
ptidoglycan and stain gram
positive, but their cell wall is composed of
unique types of lipids.

Mannan caps
Manno-
glycoproteins

Mycolic acids

Lipomannan
— Arabinogalactan

* Mycoplasmas are bacteria that naturally
lack a cell wall. Its cell o000
membrane contains sterols that make itre 520550

— Peptidoglycan
X0 —PIM

T Il—- Cell membrane
)O(

Porins

sistant to lysis.



Plasma membrane

* The plasma membrane or bacterial cytoplasmic
membrane is composed of a phospholipid bilayer.

* The General functions of a cell membrane are
acting as a permeability barrier for most molecules — —
and serving as the location for the transport of
molecules into the cell and energy conservation.

Gram-negative bacteria

* The region between the cytoplasm membrane and
the outer membrane is called a periplasm. There
are channels called porins present in the outer
membrane that allow for passive transport of many
ions, sugars and amino acids across the outer
membrane to the periplasm and than be
transported into the «cell by The plasma
membrane.




Cell Extensions and Surface Structures

* Bacteria often have  accessory
appendages sprouting from their
surfaces. Appendages can be divided

iInto two major groups:

 those that provide motility (flagella and
axial filaments) and

* those that provide attachments or
channels (fimbriae and pili).

Bacterial Flagella
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Flagella—Bacterial Propellers

Filament (Fiic)

* The prokaryotic flagellum is provide
the power of motility. This allows a
cell to swim freely through an
aqueous habitat.

Hook (FIgE)

Distal rod (FigG)

|
‘ LP-ringﬁa =

* The bacterial flagellum when
viewed under high magnification
displays three distinct parts: the ot
filament, the hook (sheath), and the
basal body. - O

/ © | Motor




Flagella vary both in number and arrangement

according to two general patterns

(A) In a polar arrangement, the flagella are
attached at one or both ends of the cell.

Three subtypes of this pattern are:
* 1-monotrichous * with a single flagellum.

e 2- amphitrichous * with one flagellum in each
side.

* 3- lophotrichous * with small bunches of flagella
emerging from the same one site.

(B) In a peritrichous * arrangement, flagella are
dispersed randomly over the surface of the cell.

Bacterial Flagella

® Monotrichous @ Lophotrichou
Amphitrichou

/7?%
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* The presence of motility is used in
the Ilaboratory identification of
various groups of bacteria.

e Special stains or electron
microscope preparations must be
used to see arrangement, because
flagella are too minute to be seen in
live preparations with a light
microscope.

Flagella
Stain




Fimbriae and Pili

e The structures termed fimbria Fimbriae
and pilus both refer to bacterial Flagella A\ o etk
surface appendages that are \*7> /
involved in interactions with other L — —
cells but do not provide

locomotion. ) 8 \\

Bacterial Cell

Pili

-
-~



* Fimbriae are small, bristle like fibers emerging
from the surface of many bacterial cells .

 Compose of protein. Fimbriae have an inherent
tendency to stick to each other and to surfaces.

* They may be responsible for the mutual clinging |
of cells that leads to biofilm formation and other |
thick aggregates of cells on the surface of liquids
and for the microbial colonization of solid
surfaces such as, teeth, rocks and glass.

e Some pathogens can colonize and infect host

tissues because of a tight adhesion between
their fimbriae and epithelial cells . For example,
the gonococcus (agent of gonorrhoea) colonizes
the genitourinary tract, and Escherichia coli
colonizes the intestine by this means.

' Fimbriae '
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Recipient

* Pilus (also called a sex pilus ) is an
elongate, rigid tubular structure
made of a special protein, pilin .

* So far, true pili have been found
only on gram-negative bacteria, .
where they are utilized primarily
in conjugation which involves a
transfer of DNA from one cell to
another.

_ 'Old donor New donor

N ‘5'

Donor ¢l

mixruheanline com ;



Other Bacterial Surface Structures

- Glycocalyx (slime layer)

The glycocalyx is a loose shield of
polysaccharide coating that covers the
outer surface of many bacteria, protects
them from dehydration and loss of
nutrients and allows bacteria to adhere
firmly to the various structures, e.g. oral
mucosa, teeth, heart, and catheters, and Siime Layer
contribute to the formation of biofilms.




e Capsule

An amorphous, gelatinous layer (usually
more substantial than the glycocalyx)
surrounds the entire bacterium.

It composed of polysaccharides and
sometimes proteins. The sugar components
of the polysaccharides vary in different
bacterial and frequently determine the
serological type within a species.




Contents of the Cell Cytoplasm

* Bacterial Chromosomes and Plasmids:
* The hereditary material of most bacteria exists in

the form of a single chromosome consisting of a

small ribosomes mesosome*  and lipid droplets

circular, double stranded DNA molecule. By
definition, bacteria do not have a true nucleus.
Their DNA is not enclosed by a nuclear membrane
but instead is aggregated in a central area of the
cell called the nucleoid. The chromosome is
actually an extremely long molecule of DNA that is
tightly coiledto fit inside the cell compartment.

* Arranged along its length are genetic units (about _ meam  omemas

2000 genes) that carry information required for
bacterial maintenance and growth. many bacteria

contain other, nonessential pieces of DNA called
plasmids.



Plasmids

* A plasmid is a small DNA molecule within a
cell that is physically separated from
a chromosomal DNA and can replicate
independently. They are most commonly
found as small circular, double-stranded
DNA molecules in bacteria; however,
plasmids are sometimes present
in archaea and eukaryotic organisms. In
nature, plasmids often carry genes that may
benefit the survival of the organism, for
example antibiotic resistance.

Bacterial DNA Plasmids



https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/GDNA
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Archaea
https://en.wikipedia.org/wiki/Eukaryote
https://en.wikipedia.org/wiki/Antibiotic_resistance

Ribosomes: Sites of Protein Synthesis

* A bacterial cell contains thousands of
ribosomes, which are made of RNA |
and protein., ribosomes show up as
fine, spherical specks dispersed
throughout the cytoplasm that often

capsule*

cell wall

cell membrane

plasmid*

photosynthetic
membranes*

pilus*

occur in chains (polysomes). Many are
also attached to the cell membrane.

Chemically, a ribosome is a
combination of a special type of RNA :

called ribosomal RNA, or rRNA (about
60%), and protein (40%). They fit 1 1
together to form factory where T T
protein synthesis occurs.




Inclusions, or Granules: Storage Bodies

Prokaryotic Cell Structure

* Inclusion bodies, sometimes
called elementary bodies, BT e
are nuclear or cytoplasmic aggregates of f
stable substances, usually proteins.

* Some inclusion bodies contain condensed, capric T

energy-rich organic substances, such as elt wail -5
glycogen and poly b-hydroxybutyrate (PHB), o

within special single-layered membranes. Ribosomes —

 Granules, contain crystals of inorganic
compounds and are not enclosed by
membranes.

Flagella

J

Figure 1
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Bacterial Endospores:

An endospore is a dormant, tough, and non-reproductive

structure produced by certain bacteria for withstanding
hostile conditions and facilitating survival. (e.g. endospores

produced by Bacillus, Clostridium).

These bacteria have a two-phase life cycle that shifts
between a vegetative cell and an endospore. The
vegetative cell is the metabolically active and growing
phase. When exposed to certain environmental signals, it
forms an endospore by a process termed sporulation. The
spore exists in an inert, resting condition that is capable of

high resistance and very long-term survival.



https://en.wikipedia.org/wiki/Dormancy

* The spore contains bacterial DNA, a small
amount cytoplasm, cell membrane,
peptidoglycan, very little water and a thick
keratin like coat. This coat is remarkably
resistant to heat, dehydration, radiation and

Endospore . - =2 Exosporium

chemicals. Once formed, the spore s
metab0|ica||y inert, and can remain dormant Spore Mother Cell o .................. : ,:\,‘_‘“
for many years. Bacterial endospores can be o e e e

called either terminal or subterminal spores
depending on their position inside the
bacterial cell. When appropriate conditions
supervene (e.g. water, nutrients), there is
enzymatic degradation of the coat, and the
spore transforms into a metabolizing,
reproducing bacterial cell once again

Bacterial Endospore- Diagrammatic



Bacterial Endospores Formation

Cell wall
Plasma membrane

=)

Nucleoid
Favourable Adverse
conditions conditions
F Free
endospore @j B
Cortex DNA
E Septum

CED)

Keratin coat
of spore Peptidoglycar/

D

The cycle of sporulation. (A) Vegetative cell; (B) ingrowth of
cytoplasmic membrane; (€) developing forespore; (D) forespore completely
cut off from the cell cytoplasm; (E) development of cortex and keratin spore
coat; (F) liberation of spore and conversion to vegetative state under
favourable conditions.



Bacterial physiology

Dr. Mohammed Radhi



Microbial Growth

* When microbes are provided with nutrients and the required
environmental factors, they become metabolically active and grow.

* Growth takes place on two levels.

-Cell synthesizes new cell components and increases its size.
-The number of cells in the population increases.



* The size of population is increased due to the

bacterial cell multiplication by cell division. ' Origin of — — Cell wall

: : : : : replication — Plasma membrane
This has tremendous importance in microbial

E. coli cell :
control, infectious disease, and | Bacterial chromosome
. © Chromosome Two copies
biotechnology. replication oforign A
begins.
* The division of a bacterial cell occurs mainly 0 . .
. .. . Replication rigin rigin
through binary, or transverse, fission. During continues. 75 X
binary fission, the parent cell enlarges, |
duplicates its chromosome, and forms a -
3] Repllcatlon
central transverse septum that divides the finishes.
cell into two daughter cells. This process is / A
repeated at intervals by each new daughter OTv\Ifrdaugll:ter
Cells resuit.

cell in turn; and with each successive round
of division, the population increases.



Bacterial Nutritional requirements

e Bacterial requirements for growth include oxygen, hydrogen and carbon),
inorganic ions and organic nutrients.

 Hydrogen is usually obtained from water, and oxygen is obtained from
atmosphere or from water where it is found in dissolved state.

e Carbon: according to their ability to synthesize essential metabolism
(obtained carbon), bacteria can be classified into the following types:

A- Autotrophs:- These bacteria are able to synthesize their own organic food
from inorganic substances. They use carbon dioxide for obtaining carbon

B- Heterotrophs:-Microbes obtain their carbon from organic compound, such
as sugar, protein and lipids.



* Inorganic ions; Nitrogen, sulphur, phosphate, potassium and some other
elements.

* Organic nutrients:- Organic nutrients are required in small amounts by cells
because they play specific roles in biosynthesis.

Growth factors are organized into three categories:

1-purines and pyrimidines: required for synthesis of nucleic acids (DNA and
RNA)

2-amino acids: required for the synthesis of proteins
3-vitamins: needed as coenzymes and functional groups of certain enzymes



Factors that modify bacterial growth

° pH:-
 according to their acidity requirements bacteria can be classified into:

1-Acidophiles:- Microorganisms which grow at pH (3-5).
2- Neutrophiles:- Microorganisms which grow best at neutral pH (6-8)
3- Alkaliphiles:- Microorganisms which grow best under alkaline

conditions pH as high as 10.5.




Moisture:-

 Water is needed for the growth and reaction of metabolism like
glycolysis and protein synthesis, various nutrient must be in a soluble
form to facilitate diffusion into the cell. In the absence of the water
some bacteria will form a spore for continue its survival.



(Gas requirement:-

* Microorganisms fall into several groups with respect to the effect of oxygen
on their growth and metabolism:
1. Obligate aerobes
- use and require oxygen as electron acceptor
- have respiratory enzymes and lack the capacity for fermentations
- examples: Pseudomonas, some Bacillus
2. Obligate anaerobes
- do not need or use O2 as a nutrient. In fact, O2 is a toxic substance, which
either kills or inhibits their growth. Obligate anaerobic procaryotes may live
by fermentation, anaerobic respiration
- examples: Clostridium, Bacteroides



3. Facultative organisms

- are organisms that can switch between aerobic and anaerobic types of
metabolism. Under anaerobic conditions (no O2) they grow by fermentation
or anaerobic respiration, but in the presence of 02 they switch to aerobic
respiration.

- examples: all Enterobacteriaceae (E.coli), some Bacillus

e 4, Aerotolerant anaerobes
- grow either with or without oxygen, but metabolism remains fermentative
and do not use oxygen
- examples: Enterococcus faecalis, some Lactobacillus

5-Microaerophilec
-these bacteria grow well under low oxygen concentration
-examples: Campylobacter fetus



Temperature:-

The temperature range at which organism grow best is called optimum
temperature. In human parasitic organism optimum temperature ranges between
30° C and 37° C. there are three groups of bacteria as regard to the temperature:-

* 1- Psychrophilic:-

'I:F)he bacteria is growing between 0° C and 25° C. they are mostly soil and water
acteria

e 2- Mesophilic:-

cS:I(')me bacteria grow between 20° C and 44° C this group include bacteria producing
isease.

3- Thermophilic:-

* The bacteria can grow between 50 and 80° C this bacteria will survive after
pasteurization processes of milk.



The Rate of Population Growth

* The time required for a complete fission cycle—from parent cell to two new
daughter cells—is called the generation, or doubling time. In bacteria, each
new fission cycle or generation increases the population by a factor of 2, or
doubles it.

* The length of the generation time is a measure of the growth rate of an

organism. The average bacterial generation time is 30 to 60 minutes under
optimum conditions.

* The shortest generation times average 5 to 10 minutes, and longer generation
times require days.

* Some bacterial species, for example, Mycobacterium leprae (the cause of
Hansen’s disease), has a generation time of 10 to 30 days.

* Most pathogenic bacteria have relatively short doubling times. Salmonella
enteritidis and Staphylococcus aureus, bacteria that cause food-borne illness,
double in 20 to 30 minutes.



Stages in the Normal Growth Curve

e Data from an entire growth period of 3 to 4 days typically produce a
curve with a series of phases termed the lag phase, the exponential
growth (log) phase, the stationary phase, and the death phase.

Logarithm (10") of Viable Cells

Stationary phase

[:] Few live cells a
10 Many live cells '
- Dead cells /
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4— viable.
2_
Lag phase ,
0 — I I I l I I I 1
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Hours

Total cells in population, live and dead, at each phase.



The death phase

The decline in the growth rate is caused by several factors.

* 1-Depletion of nutrients and oxygen.

* 2-Increased cell density often causes an accumulation of organic acids and other
toxic biochemicals.

Cells begin to die at an exponential rate and most are unable to multiply. The curve
now dips downward as the death phase begins. The speed with which death occurs
depends on the relative resistance of the species and how toxic the conditions are,
but it is usually slower than the exponential growth phase.



Bacterial genetics

* Genetics is the study of the inheritance and variation. All bacterial
characteristics are encoded in DNA. DNA or Deoxyribonucleic acid is a
molecule composed of two chains (made of nucleotides) that coil
around each other to form a double helix carrying all the genetic
instructions that used in the growth, development, functioning and
reproduction of all known living organisms and many viruses. DNA and
ribonucleic acid (RNA) are nucleic acids; alongside proteins, lipids and
complex carbohydrates (polysaccharides), which all are the four major
types of macromolecules that are essential for all known forms of life.

* The two DNA strands are also known as polynucleotides since they are
composed of simpler monomeric units called nucleotides.
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 Each DNA nucleotide is composed of one of

four hitrogen- T
containing nucleobases (cytosine[C], guanine L)
[G], adenine [A] or thymine [T]), o double ]

helix <&

a sugar called deoxyribose, and a phosphate
group.

* The nucleotides are joined to one another in
a chain by covalent bonds between the sugar
of one nucleotide and the phosphate of the
next, resulting in an alternating sugar-
phosphate backbone. The nitrogenous bases MN
of the two separate polynucleotide strands ; O gunnie
are bound together, according to base })5’4 9 O adenine
pairing rules (A with T and C with G), p Panris @ thyin
with hydrogen bonds to make double- packbone (@ cytosine
stranded DNA.
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* The DNA of most bacteria is contained in a single circular molecule,
called the bacterial chromosome. The chromosome, along with
several proteins and RNA molecules, forms an irregularly shaped
structure called the nucleoid. This sits in the cytoplasm of the
bacterial cell. Fimbrise _ Ribosomes  Cellwall Cell membrane

Capsule

Slime
layer

Cytoplasmic matrix

Mesosome —

Actin Chromosome Pilus Inclusion Flagellum
filaments (DNA) body

Figure 8. 3D structure of the bacterial cell.



Genes

* The genetic code of bacteria is contained in
a series of units called genes. As the normal
bacterial chromosome has one copy of each

gene, bacteria are ca
(higher organisms wh

of the gene called dip

led haploid organisms
ich contain two copies

oid).

* A gene is a chain of purine (A&G) and
pyrimidine (T&C) nucleotides. the genetic
information is encoded in triple nucleotide
groups or codons. Each codon codes for
specific amino acid or regulatory sequence,
e.g. starts and stope codons. In this way the

structural genes determine the sequence of

amino acids that form the protein, which is

the gene product.

Normal

ONA base sequence  —

|

Transcription

|

Translation

|

Amino acid sequence
of the protein

CAT

ACT

AGT
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Genetic variation in bacteria

Genetic variation can occur as a result of mutation or gene transfer.

A- Mutation

* Mutation is a change in the base sequence of DNA, as a consequence of which different
amino acids are incorporated into a protein, resulting in an altered phenotypes. There
are three types of DNA mutations.

1- Base substitution : this occurs during DNA replication when one base is inserted in place
of another. And it has two types

-Missense mutation: when the base substitution results in a codon that instructs a different
amino acid to be inserted.

-nonsense mutation: when the gene mutation stops its protein synthesis.

2- Frame shift mutation: which occur when one or more base pair are added or deleted
thac’; resulted in production of inactive protein because of the production of wrong amino
acids.

* Insertion : the insertion of additional pieces of DNA.



B-Gene transfer

the transfer of genetic information can occur by:
* Conjugation

* Transduction

* Transformation

* Transposition



Conjugation

e Bacterial conjugation is the transfer of genetic material between bacterial
cells by direct cell-to-cell contact (mating of two cells) or by a bridge-like
connection between two cells. This takes place through pilus (Pili in plural).

It is one of horizontal gene transfer mechanisms. During conjugation
the donor cell provides a conjugative or mobilizable genetic element that is
most often a plasmid or transposon. Most conjugative plasmids have systems
ensuring that the recipient cell does not already contain a similar element.

* The genetic information transferred is often beneficial to the recipient.
Benefits may include antibiotic resistance, xenobiotic tolerance or the ability
to use new metabolites. The mating process is controlled by an F (fertility)

plasmid ,carrying genes for the proteins required for mating including pilin,
which forms pilus.
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Donor cell [cell carrying F factor or (F+)] produces pilus.
Pilus attaches to recipient cell and brings the two cells together.

The mobile plasmid is cleaved enzymatically and a single strand of DNA is then
transferred to the recipient cell.

Both cells synthesize a complementary strand to produce a double stranded
circular plasmid and are able to reproduce pili; both cells are now viable donor

fo r t h e F -fa Cto r Chromosomal DNA F plasmid Chromosomal DNA
1.
2.
3.
Relaxasome Transferasome
F plasmid F plasmid
Pilus
4,
Old donor New donor
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Transformation

* This is the transfer of exogenous of bacterial DNA from one cell to
another. It occurs in nature when dying bacteria release their DNA,
which is than taken up by recipient cells and recombined with the
recipient cell’s DNA.

Transformation

o
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Transposition

* This occurs when transposable element moves from one DNA site to

another within the same genome of the same organism.

* The simplest transposable elements, called; insertion sequences, are
less than 2 kilobases in length and encodes enzymes (transposase)

required for “DNA jumping” from one site to another.



DNA recombination

* The transferred DNA from the donor cell to the recipient cell is
integrated into the host genome by a process called DNA
recombination. There are two types of DNA recombination depends

on DNA homology between the two recombinant molecules:

* Homologous recombination
* Nonhomologous recombination.



Plasmids

* A plasmid is a small DNA molecule within a cell that is physically
separated from a chromosomal DNA and can replicate independently.
They are most commonly found as small circular, double-stranded DNA
molecules in bacteria; however, plasmids are sometimes present
in archaea and eukaryotic organisms. In nature, plasmids often carry
genes that may benefit the survival of the organism, for
example antibiotic resistance.
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* While the chromosomes are big and contain all the essential genetic
information for living under normal conditions, plasmids usually are
very small and contain only additional genes that may be useful to the
organism under certain situations or particular conditions. Artificial
plasmids are widely used as vectors in molecular cloning, serving to
drive the replication of recombinant DNA sequences within host
organisms. In the laboratory, plasmids may be introduced into a cell

via transformation.

Bacterial DNA Plasmids
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Bacterial Pathogenicity

Infection: is the invasion of the human body tissue by disease causing agents, their

multiplication, and the reaction of host tissues to the infectious agents and the toxin

they produce.

Mixed infection: Several microbes grow simultaneously at the infection site.

Disease: Any deviation from health, disruption of a tissue or organ caused by

microbes or their products.

CARRIER: A Person or animal with asymptomatic infection that can be

transmitted to another susceptible person or animal.

Human body defenses

There are two kinds of body defenses against microbial infections:

humoral immunity the aspect of immunity that is mediated by
macromolecul , such as secreted antibodies , complement proteins and
certain Antimicrobial peptide.

Cell-mediated immunity is an Immune response that does not involve Antibody
but rather involves the activation of body immunity cells

like Phagocytes, Antigen -specific Cytotoxic T-lymphocytes.



According to its way of living bacteria can be classified to

1. Nonpathogenic: A microorganism that does not cause disease.

2. Opportunistic pathogen: An agent capable of causing disease only when
the host's resistance 1is impaired (e.g. when the patient is
"immunocompromised).

3. Pathogenic bacteria: is parasitic bacteria that are the causative agents of
bacterial infections.

4. Saprophytic bacteria: which live freely in the soil and feed on decaying
organic matters.

5. Commensals: Are parasitic bacteria live on external or internal surfaces of
the body without causing disease, these bacteria may even be beneficial to
the host e.g. commensals of the gut digest polysaccharides and are source of
certain vitamins, these bacterial flora also compete with pathogenic bacteria

for nutrition thus inhibiting their growth.

Bacterial Pathogenicity:

refers to the ability of an organism to cause disease, using its virulence factors.
Virulence usually refers to the degree of pathogenicity within a group or species
of microorganisms. virulence of a microorganism is not generally attributable to a
single factor, but depends on several parameters that are related to the organism,
the host, and the dynamic interaction between them. Bacterial virulence, can be
measured by bacterial infectivity (their ability to initiate an infection) and the
severity of the condition produced.

In the lab, Virulence can be designated as LDsoor IDso (These values are determined

by inoculation of laboratory animals):



the LDso (50% lethal dose) is the number of organisms needed to kill half the hosts,

and IDso (50% infectious dose) is the number needed to cause infection in half the

hosts.

Pathogenicity depends on:

1-  Virulence factors (Adherence factors, Invasiveness, Toxin production).

2-  Number of initial organisms.

3- Immune status.

Table 5.2 Examples of surface virulence factors which interfere with host defences

Organism Virulence factor Used in vaccine
Bacteria
Streptococcus pneumoniae Polysaccharide capsule Yes
Streptococeus pyogenes M protein No
Staphylococcus aureus Protein A No
Neisseria meningitidis Polysaccharide capsule Yes
Haemophilus influenzae Polysaccharide capsule Yes
Klebsiella pneumoniae Polysaccharide capsule No
Escherichia coli Protein pili No
Salmonella typhi Polysaccharide capsule No
Mycobacterium tuberculosis Mycolic acid cell wall No
Fungi
Cryptocaccus neoformans Capsule No
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STAGES OF PATHOGENICITY
1-Transmission
2-Attachment (adhesion, adherence).
3-Colonization and multiplication of microorganism.
4-Avoidance of host defense mechanisms like phagocytosis.
5-Damage of host cells by:
A- Invasiveness.

B -Toxin production.

C- Both of them.

TRANSMISSION Most infections are acquired by transmission from external
sources, they are exogenous in origin. Others are caused by members of the normal
flora behaving as opportunist pathogens, i.e. they are endogenous in origin.
Transmission can be by:
e inhalation- the airborne route
® ingestion - faecal contamination of food and water.
e Inoculation - by sexual contact, contaminated needles, skin contact, blood
transfusions or biting insects.
There are four important portals (or gates) of pathogens

1- Skin.

2- Respiration.

3- Gastrointestinal tract.

4- Genitourinary tract.



Table 5.1 Portals of entry of some common.pat'hl::gens

—-

Portal of entry Pathogen Disease

Skin o Clostridium tetani Tetanus
Hepatitis B virus Hepatiti§ B

“F.tespiratory tract Streptococcus pneurnoniae . Prneumonia

- Neisseria meningitidis Meningitis
Haemophilus influenzae Meningitis

Genital trad-.... R

Mycobacterium tuberculosis

Influenza virus
Rhinowirus

Epstein—Barr virus

Shigella dysenteriae -

Salmoneiia typhi
Vibrie cholerae
Hepatitis A virus

Poliovirus

Neisseria gonorrhoeae

Treponema pallidum

Human immunodeficiency virus (HIV)

Candida albicans (fungus)

Adherence to host surfaces.

Tuberculosis
Influenza
Common cold

Infectious mononucleosis

Dysentery

Typhoid fever

Cholera

Infectious hepatitis

Poliomyelitis

Gonorrhoea

Syphilis

Acquired immune deficiency syndrome (AIDS)
Vaginitis

Adherence is the first step in the infection. Unless organisms have the ability to

stick or adhere to host surfaces they will be unable to cause infection. Some

bacteria and fungi have specialized structures or produce substances that facilitate

their attachment to the surface cells (e.g. dentures, artificial heart valves), thereby

enhancing their ability to colonize and cause disease. These adherence mechanisms

are critical for organisms that attach to mucous membranes; mutants that lack these

mechanisms are often non-pathogenic (e.g. the hair-like pili or Fimbriae, of

Neisseria gonorrhoeae and Escherichia coli mediate their attachment to the

urinary tract epithelium; the extracellular polysaccharides of Streptococcus mutans

help it adhere to enamel surfaces).



Adherence factors.

1-Fimbriae: Are the most common adhesion molecules e.g. Neisseria gonorrhoeae

and E coli mediate the attachment to cell surfaces.

Receptor

Interaction.

Adhesin

..' . ' . . Interaction
L
Host Cell
2-  The filamentous  haemagglutinin  adhesin (FHA) is a

large,

filamentous Protein that serves as a dominant attachment factor for adherence to

host Cilium Epithelium of the Respiratory tract.

3-Exopolysaccarides.Present on the surface of some-gram positive bacteria are

also involving in adhesions.

4- Flagella act as adhesion in Vibrio cholerae and Campylobacter jejani.

Host cell

(a) Fimbriae



5- In addition to above types of adherence factors Specific adherence involves
permanent formation of many specific lock- key bonds between

complementary molecules on each cell surface.

host cell membrane

receptor

adhesin

——— bacterial cell

Colonization and invasion:

For many pathogenic bacteria, the initial interaction with host tissues occurs at a
mucosal surface and then colonization is started. This allows the establishment of
infection that may remain localized or may subsequently spread to other tissues in
a process called invasion. Cell invasion confers the ability to avoid humoral host

defence mechanisms .

INVASIVENESS

These are mechanisms that give bacteria its ability to invade tissues, multiply and
spread rapidly (bacterial invasion). Invasiveness of bacteria plays a critical role in
their pathogenesis by secretion of bacterial enzymes. Most are enzymes affecting
physical barriers like tissue matrices and cell membranes. In this way, the

bacterium can quickly spread through extracellular spaces
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(a) Exoenzymes

A few examples are:

a hemolysin or listeriolysin O: Which injects into the membrane of the vacuole
and causes the formation of pores (e.g. that caused by Listeria monocytogenes)
then enters the cytoplasm of the cell, where it continues to grow and multiply, after

escaping the toxic environment of the phagolysosome.

Coagulase: Produced by Staphylococcus aureus, accelerates the formation of a
fibrin clot (from fibrinogen). It helps protect the organisms from phagocytosis by

walling off the infected area and by coating the organisms with a fibrin layer.

Collagenase : It breaks down collagen fibers & promote spread of infection.

Streptokinase and staphylokinase : produced from Group A streptococci and
staphylococci that hydrolyze fibrin clots, which also facilitate the spread of

organisms in the tissues.

Immunoglobulin A (IgA) protease: Degrades protective IgA on mucosal
surfaces, allowing organisms such as N gonorrhoeae, Haemophilus injluenzae and

Streptococcus pneumoniae to adhere to mucous membranes.



AGGRESSINS

In order to survive and multiply within the host, many organisms produce a
variety of substances that allow them to avoid host defence mechanisms. These
substances, termed aggressins, include capsules and extracellular slime substances,
surface proteins, surface carbohydrates, enzymes, toxins, and other small
molecules. The capsular structures of some bacteria enable the organisms to avoid
phagocytosis by preventing interaction between the bacterial cell surface and
phagocytic cells or by concealing bacterial cell surface components that would
otherwise interact with phagocytic cells or complement and lead to ingestion.
Some organisms produce capsules that are structurally similar to host tissues and,
therefore, are not recognized as foreign by the body defense mechanisms.
Organisms that possess capsules behave as aggressins include S. aureus, S.

pneumoniae, N. meningitidis, H. influenzas type b, K. pneumoniae .

TOXIGENICITY
Toxin is a protein or conjugated protein produced by some pathogenic bacteria that
is highly poisonous for other living organism. The ability of microorganism to
produce a toxin that contributes to the development of disease called toxigenicity.
Toxins are of two categories: endotoxins and exotoxins.
Endotoxins

Endotoxins are the cell wall lipopolysaccharides of Gram-negative bacteria (both
cocci and bacilli) and are not actively released from the active cell, it is released
after the cell death. Endotoxins cause fever, shock and other generalized symptom

S.



It is an outer membrane chemical moiety consisting of three sections:
1-A toxic lipid (Lipid A) anchored in the outer membrane,
2-An immunogenic polysaccharide core, and

3-An O antigen proteins of oligosaccharides at the extracellular surface.

Exotoxins

Both Gram-positive and Gram-negative bacteria secrete exotoxins. Exotoxins in
particular can cause disease in distant parts of the body as a result of diffusion of
the toxin via systemic routes (e.g. tetanus bacillus infecting a lesion in the foot
produces an exotoxin which causes 'lockjaw' or spasm of masseter muscles on the
face).
Bacterial exotoxins can be broadly categorized as:
* neurotoxins
* enterotoxins

* miscellaneous exotoxins.

Neurotoxins. Tetanus toxin (produced by bacteria called Clostridium tetani)

, diphtheria toxin (by Corynebecterium diphtheria) and botulinum toxin (by
Clostridium botulinum) are all neurotoxins and their action is mediated via
neuronal pathways.

Enterotoxins. These toxins act on the gut mucosa and cause gastrointestinal

disturbances. Escherichia coli enterotoxin is of two types: one heat-labile and one
heat-stable.
Miscellaneous exotoxins. these exotoxins are produced by Clostridium

perfringens and other species of clostridia that cause gas gangrene.
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Antiphagocytic (Survival Inside of Phagocytes)

Many bacterial pathogens are rapidly killed once they are ingested by
polymorphonuclear cells or macrophages. Some pathogens evade phagocytosis or
leukocyte microbicidal mechanisms by adsorbing normal host components to their
surfaces.

For example, Staph..aureus has surface protein A. Other pathogens have
polysaccharide capsules that impede phagocytosis, e.g., Streptococcus
pneumoniae, N meningitidis.

Streptococcus  pyogenes (group A streptococci) have M protein, N
gonorrhoeae(gonococci) have pili.

Most of these antiphagocytic surface structures show much antigenic
heterogeneity. For example, there are more than 80 pneunococcal capsular
polysaccharide types and more than 60 M protein types within group A
streptococci.

Bacteria that can resist killing and survive or multiply inside of phagocytes are
considered intracellular parasites. In this case, the environment of the phagocyte
may be protecting bacteria during the early stages of infection or until they develop

more virulence factors.

The role of bacterial biofilms

A biofilm is an aggregate of interactive bacteria attached to a solid surface or to
each other and encased in an exopolysaccharide matrix. Biofilms form a slimy coat
on surfaces and throughout nature. Bacteria of single species may coaggregate to

form a biofilm. Fungi- including yeasts are occasionally involved.

11



Biofilms are:

®-formed when microbes adhere to each other and to the surface

®-cach microbe secretes glycocalyx substances allowing other microbes to
adhere; large mass is formed

the biofilm is resistant to disinfectants and antibiotics (outer layer protects inner
layers), which makes serious problems for patients with catheters and surgical
implants: serves as chronic reservoir.

Biofilms are important in human infections that are persistent and difficult to
treat. A few examples include Staphylococcus epidermidis and Staphylococcus
aureus infections of central venous catheters, eye infections such as occur with
contact lenses and intraocular lenses, in dental plaque, and with Pseudomonas

aeroginosa airway infections in cystic fibrosis patients.

6. Cycle repeats -

1. Single free 2. Bacterial 3. Growth and 4. Mature biofilm S. Part of biofilm
floating cells division of formation disperses to release
bacteria land  aggregate bacteria for free floating
on surface and attach biofilm bacteria for further
formation colonization
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Pathogenesis of viral infection

Pathogenesis is the process by which an infection leads to disease. Pathogenic
mechanisms of viral disease include

(1) implantation of virus at the portal of entry,

(2) local replication,

(3) spread to target organs (disease sites), and

(4) spread to sites of shedding of virus into the environment.

Factors that affect pathogenic mechanisms are
(1) accessibility of virus to tissue,
(2) cell susceptibility to virus multiplication, and

(3) virus susceptibility to host defenses.

Virions (free viruses) implant onto living cells mainly via the respiratory,
gastrointestinal, skin-penetrating, or urogenital routes although other routes can be
used. The final outcome of infection may be determined by the dose and location

of the virus as well as its infectivity and virulence.

Most virus types spread among cells extracellularly, but some may also spread
intracellularly. Establishment of local infection may lead to localized disease and

localized shedding of virus.

The incubation period is the time between exposure to virus and onset of disease.
During this usually asymptomatic period, implantation, local multiplication, and

spread (for disseminated infections) occur.

Depending on the balance between virus and host defenses, virus multiplication in
the target organ may be sufficient to cause disease and death. (e.g. specific
preference cells for rhinoviruses are upper respiratory epithelium and for human

immunodeficiency virus (HIV) are CD4 T Lymphocytes)

Diverse viruses may be shed at virtually every site.
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Pathogenesis of fungal infection

Fungal disease, particularly its life-threatening extreme, is relatively rare despite
the some species of fungi present in the environment and on the human body
surface. Most fungal infections appear to require a breach in host defenses in order
to become established. Yeasts often cause mucosal inflammation following
alteration of either vaginal or gastrointestinal flora. Dermatophytic fungi cause
a variety of skin conditions but rarely cause more invasive disease in

immunocompetent patients because they are restricted to the skin.

Pathogenesis of parasitic infections

Protozoal and helminth infections have a complex pathogenesis, which is best
understood by referring to the parasite’s life cycle. Some protozoal and helminth
infections require transmission by a disease vector. The vector is often an
arthropods. The development of disease depends on a three-way relationship
between microorganism, vector and human victim in these infections.

In developed countries, parasitic infections are most common in international

travelers, the sexually active, immunocompromised patients and poor people.
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Opportunist infections

If an organism is capable of causing disease in an apparently healthy individual,
it is clearly aggressively pathogenic. If it is normally incapable of causing disease
but can do only when the human body immunity is compromised in some way, in
this case infection called opportunist infection. These types of infections have a

particular importance in hospitals patients and immunocompromised patients.
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Normal flora of the human body

In a healthy human body, the internal tissues, e.g. blood, brain, muscle,
etc., are normally free of microorganisms. However, the surface tissues
are constantly in contact with environmental organisms and be
colonized by various microbial species. The mixture of organisms

regularly found at any anatomical site is referred to as the normal flora.

Normal flora is an aggregate of microorganisms that placed on the
surface tissues which are constantly in contact with environmental

atmosphere, 1.e., skin and mucous membranes.
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* Oral Microbiota:

 The Normal bacterial flora that are placed
in the oral cavity is called as Oral Microbiota
or Oral Microflora. Both host and bacteria
are thought to derive benefit from each
other, this the associations is, for the most
part, mutualistic.

* This resident microflora does not have
merely a passive relationship with its host,
but contributes directly and indirectly to the
normal development of the physiology,
nutrition and defense systems of the
organism.
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The microbial colonization of all
environmentally accessible surfaces of the
body (both external and internal) begins at
birth.

Such surfaces are exposed to a wide range of
microorganisms derived from the
environment and from other persons For
example, staphylococci and micrococci
predominate on the skin surface.

Similarly, over 700 types of microorganism
found in the mouth are able to colonize the
gastrointestinal tract, despite the continual
passage of these microbes through the gut.
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The relationship between the normal flora and the
host can be broken down in the mouth and the

disease may occur. This usually due to:

e 1-Major biological changes of the mouth from
exogenous sources (e.g. Antibiotic treatment ) or
Endogenous changes (Alterations in the host
defenses) which affect the natural stability of the
microflora.

fouth bacteri

e 2--The presence of microorganisms at the sites not
normally accessible to them as normal flora.



* As sequence of mouth-normal flora relationship disorder, Localized
episodes of disease in the mouth caused by its oral microflora. The
commonest clinical aspect of such imbalances are dental caries and

periodontal diseases.
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* Dental caries: is a decay of enamel or root surfaces by
acid produced primarily from the metabolism of
fermentable carbohydrates of the bacterial diet that are

colonizing the tooth surface (dental plague).

* Dental plaque is also associated with the etiology of
periodontal diseases which causes an inappropriate
inflammatory response to an increased microbial load
(due to plaque accumulation) around the gingivae,
resulting in damage to the supporting tissues of the
teeth.




MICROBIAL ECOLOGY

Most diseases of the mouth have a
polymicrobial (multiple species)
etiology. The ability of bacteria to
cause disease depends on the
outcome of various interactions
among the microbes themselves,
and between these
microorganisms and the host.




The the microbial ecology of the oral cavity is influenced by:
* 1- Flow rate and properties of saliva

e 2- The life-style of an individual (in particular, the presence of a
tobacco habit, the nature of the diet, and exposure to medication)

* 3- The integrity of the host defenses.
* 4- Oral microflora
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The mouth as a microbial habitat

The properties Of the mOUth aS a micrObiaI habitat are Gut microbiota composition during the first years of life
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dynamic, and will change during the life of an

individual. During the first few months of life the @ -4
mouth consists only of mucosal surfaces for microbial
colonization. The eruption of teeth provides a unique,
hard non-shedding surface which enables much larger
masses of microorganisms (dental plaque) to
accumulate as biofilms. When the Gingival crevicular

fluid (GCF) is produced, it can provide additional

nutrients for subgingival microorganisms.



The ecology of the mouth will change
over time due to the eruption or
extraction of teeth, the insertion of
orthodontic bands or dentures, and
any dental treatment including scaling
and restorations.

Transient fluctuations in the stability of
the oral ecosystem may be induced by
the frequency and type of food
ingested, variations in saliva flow, and
courses of antibiotic therapy.

Four features that help to make the
oral cavity distinct from other areas of
the body are: specialized mucosal
surfaces, teeth, saliva and gingival
crevicular fluid.




* Mucosal surfaces

The mouth is similar to other ecosystems in the digestive
tract in having mucosal surfaces for microbial colonization.
The microbial load is relatively low on such surfaces due to
desquamation. The papillary structure of the tongue
dorsum provides refuge for many microorganisms which
would otherwise be removed by mastication and the flow
of saliva. Such sites on the tongue can also have a low
redox potential which enable obligately anaerobic bacteria
to grow and act as a reservoir for some of the Gram
negative anaerobes that are implicated in the etiology of
periodontal diseases and are responsible for malodor. The
mouth also contains keratinized and non-keratinized
stratified squamous epithelium which may influence the

oral distribution of some microorganisms.
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* Teeth :Teeth (and dentures) allow the accumulation of large masses of
microorganisms and their extracellular products, termed dental plague. In
disease, there is a shift in the composition of the plaque microflora away
from the species that predominate in health. With ageing, recession of the

gingival tissues can expose cementum to microbial colonization and disease.

Tooth structure in health and disease.




Teeth do not provide a uniform habitat but possess several distinct surfaces. These surfaces

are optimal for colonization and growth by different populations of microorganism.

1- The stagnant areas between adjacent teeth (approximal) and the gingival crevice afford
most protection to colonizing microorganisms in the mouth . Both sites are also anaerobic

and, in addition, the gingival crevice region is bathed with the nutritionally-rich gingival

crevicular fluid (GCF), particularly during inflammation.

2- Smooth surfaces are more exposed to the environment and can only be colonized by a
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3- Pits and fissures of the biting (occlusal) surfaces of the teeth also offer
protection from oral removal forces such as saliva flow, and can contain
impacted food debris. Environmental conditions on the tooth also vary in

health and disease . For example, as caries progresses, the advancing front

of the lesion penetrates the dentine. Oscusape
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* The nutritional sources can be changed and local conditions may become
acidic and more anaerobic due to the accumulation of bacterial
metabolism products. Similarly, in disease, the gingival crevice is developed
into a periodontal pocket and the production of GCF is increased. These
new environments will select the microbial community most adapted to
the prevailing conditions. there for change in the local environment
possibly resulting in a shift in the composition and metabolism of the
microflora.
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e Saliva

The mouth is kept moist and lubricated by
saliva which flows to form a thin film
(approximately 0.1mm deep) over all the
internal surfaces of the oral cavity. Saliva
plays the buffering role and Bicarbonate is
the major buffering system in saliva.
Phosphates, peptides and proteins are also
involved. The mean pH of saliva is between
pH 6.75 and 7.25, the pH and buffering
capacity will vary with the flow rate. The
slowest flow of saliva occurring during
sleep.




The major organic constituents of saliva are proteins and

glycoproteins, such as mucin, and they influence the oral

microflora by:

* Adsorbing to the tooth surface to form a conditioning film

(the acquired pellicle), when microorganisms are able to

attach

* Acting as primary sources of nutrients (carbohydrates and

proteins) for the resident microflora,

 Aggregating  exogenous microorganisms, thereby

facilitating their clearance from the mouth by swallowing,

* Inhibiting the growth of some exogenous microorganisms




* Other nitrogenous compounds provided by saliva include urea and
numerous amino acids. The concentration of free carbohydrates is
low in saliva, and most oral bacteria produce glycosidases to degrade
the side-chains of host glycoproteins. The metabolism of amino acids,
peptides, proteins and urea can lead to the net production of
alkalines, which contributes the acids production that resulted from

fermentable carbohydrates.



e Antimicrobial factors, including lysozyme, lactoferrin, and
the sialo peroxidase system, are present in saliva and play
a key role in controlling bacterial and fungal colonization
of the mouth. Antibodies have been detected, with

secretory IgA (slgA) being the predominant class of

immunoglobulin.

* IgG and IgM are also present but in Ilower

concentrations. A range of peptides with antimicrobial

activity, including histidine-rich polypeptides (histatins),

cystatins and defensins are also present in saliva.



Gingival crevicular fluid (GCF)

e Serum components can reach the mouth by the flow
of a serum-like fluid through the junctional epithelium
of the gingiva. The flow of gingival crevicular fluid
(GCF) is relatively slow at healthy sites, increases in

gingivitis and in advanced periodontal diseases, as

part of the inflammatory response to the

accumulation of plague around the gingival margin.

* GCF can influence the microbial ecology of the site in
a number of ways.* Its flow will remove non-adherent

microbial cells, and *introduce components of the

host defenses, especially IgG and neutrophils.



* GCF contains components of the host defenses.
regulating the microflora of the gingival crevice
in health and disease. IgM and IgA are also
present, as acomplement. GCF contains
leukocytes, of which 95% are neutrophils( can
phagocytose bacteria within the crevice ), the

remainder being lymphocytes and monocytes




Factors Affecting Oral Microbial Growth
* Temperature

The human mouth temperature is (35—36°C) provides stable conditions, suitable for the growth
of microorganisms. Periodontal pockets with inflammation have a higher temperature (up to
39°C) compared with healthy sites. Small increasing in temperature can significantly alter
bacterial gene expression, and possibly the competitiveness of individual species. A rise in
temperature down-regulates the expression (gene downregulation is the process by which a
cell decreases the quantity of a gene expression product) of some of the major proteases and
fimbriae proteins in the periodontal pathogen, Porohyromonas gingivalis, and up-regulates
(gene expression up-regulation is the process by which a cell increases the quantity of a gene
expression product) synthesis of superoxide dismutase, which is involved in the neutralization

of toxic oxygen metabolites.

O, +2H dismutase . 0,+H,0,




* Oxygen tension :

Oxygen concentrations are very at different locations in the

oral cavity.
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are able to thrive.



pH :Shifts in the proportions of bacteria within dental plague can occur following fluctuations in

environmental pH .

After sugar consumption, the pH in plaque can fall rapidly to below pH 5.0 by the production of

lactic acid, the bacteria in plaque will be exposed to challenge of low pH .

In many of the predominant plaque, bacteria that are associated with healthy sites can tolerate
brief conditions of low pH, but are inhibited or killed by frequent or long exposures to acidic
conditions. This can enhanced growth of, or colonization by, acid-tolerant species, mutans

streptococci and Lactobacillus .

In contrast, the pH of the gingival crevice can become alkaline during the host inflammatory
response in periodontal disease, probably as a result of bacterial metabolism, e.g. ammonia
production from urea. The pH of the healthy gingival crevice is 6.90, and rises to between pH 7.2

and 7.4 during disease. High PH can alter the pattern of gene expression in subgingival bacteria



 Nutrients:

* (i) Endogenous nutrients The persistence and diversity of the resident oral microflora is due primarily
to the metabolism of the endogenous nutrients provided by the host, rather than by exogenous

factors in the diet.
Saliva, which contains amino acids, peptides, proteins and glycoproteins vitamins and gases.

Gingival crevice is supplied with GCF( nutrients, such as albumin and other host proteins and

glycoproteins, including haeme containing molecules ) .

* (ii) Exogenous (dietary) nutrients ,fermentable carbohydrates are the only class of compound that

markedly influence the ecology of the mouth. broken down to acids.

The levels of acid-tolerating species, especially mutans streptococci and lactobacilli, increase while the
growth of acid-sensitive species (Streptococcus sanguinis and S. gordonii) is inhibited or decreased. This
predispose a site to dental caries. Dairy products (milk, cheese) have some influence on the ecology of

the mouth.



 Host defenses

* Mucosa (and enamel) a physical barrier to prevent penetration by

microorganisms or antigens

* (i) Innate immunity: Chewing and the natural flow of saliva (or GCF in
the gingival crevice) will remove microorganisms not firmly attached
to an oral surface, and their physical removal by swallowing is an
important defense mechanism., desquamation ensures that the

bacterial load on most mucosal surfaces is light .



* Mucins agglutinate oral bacteria, interact with exogenous pathogens such as
Staphylococcus aureus and Pseudomonas aeruginosa, as well as viruses including

influenza virus.

* Lysozyme aggregate both Gram positive bacteria (including streptococci) and Gram

negative periodontal pathogens. lyse bacteria by hydrolyzing peptidoglycan.
 Chitinase attacking yeast cell walls.

 lactoferrin bactericidal to a range of Gram positive and Gram negative bacteria and

anti-inflammatory

* Defensins are a family of antibacterial peptides with a broad spectrum of antibacterial,

antifungal and antiviral (including HIV) activity.

 Cathelicidin antimicrobial peptide that is secreted by epithelial cell.



 (ii) Adaptive immunity: Components of the specific host defences
(intraepithelial lymphocytes and Langerhans cells (tissue macrophage),
immunoglobulins IgG and IgA) are found on and within the mucosa. where
they act as a barrier to penetrating antigens. The predominant
immunoglobulin in the healthy mouth is secretory IgA (slgA), which is
produced by plasma cells in the salivary gland. slgA can agglutinate oral
bacteria, modulate enzyme activity, and inhibit the adherence of bacteria
to the buccal epithelium and to enamel. slgA is usually considered to be a

first line of defenses compared with other classes of immunoglobulin.



* The resident oral microflora

* Gram positive bacteria are commonly
distributed on most surfaces of the mouth. The
predominant genera are Streptococcus and
Actinomyces; representative species are found at
healthy sites, although many can also act as
opportunistic pathogens. For example, mutans

streptococci are implicated in dental caries .

Other Gram positive cocci : Enterococcus faecalis
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* Oral Gram negative bacteria are diverse, and include
species that are facultatively and obligately anaerobic, as
well as species that are microaerophilic and capnophilic.
Veillonella are anaerobic Gram negative cocci that play an
important role in dental plague by converting lactate to
weaker acids. Most of the anaerobic Gram negative bacilli
are found in dental plague, and have an a saccharolytic
metabolism, and depend on proteins and glycoproteins for
their nutrition; some common genera include Prevotella

and Fusobacterium.
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* Facultatively anaerobic and capnophilic genera
* H. parainfluenzae

* Obligately anaerobic genera :Prevotella

* FUNGI Aspergillus, Candida( Candida albicans ) '
* VIRUSES: Cytomegalovirus

e PROTOZOA: Trichomonas tenax, Entamoeba

gingivalis




Oral flora changes with age

Time during a lifetime

MAJOR COMPONENTS & CHANGES IN ORAL FLORA

Newborn

Oral cavity sterile. Soon colonised by facultative and
aerobic organisms; esp S. salivarius

6 months

Flora becomes more complex & includes anaerobic
orgs eg. Veillonella sp. & Fusobacteria

Tooth eruption

Increase in complexity. S sanguis, S mutans and A
viscosus appear. New habitats include hard surfaces
and gingival crevice.

Child to adult

Various anaerobes frequently found inc. Members
of the Bacteroidaceae. Spirochaetes isolated more
frequently

Loss of teeth

Disappearance of S mutan, S sanguis, spirochaetes
and many anaerobes

Dentures etc

Reappearance of bacteria able to grow on hard
surfaces




Dental plague and Dental Caries

Dental plaque is a biofilm of microorganisms (mostly bacteria, but
also fungi) that grows on surfaces within the mouth . It is a sticky
colorless deposit at first, but when it forms tartar, it is often brown
or pale yellow. It is commonly found between the teeth, on the
front of teeth, behind teeth, on chewing surfaces, along
the gumline, or below the gumline cervical margins.



https://en.wikipedia.org/wiki/Biofilm
https://en.wikipedia.org/wiki/Microorganism
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Fungi
https://en.wikipedia.org/wiki/Mouth
https://en.wikipedia.org/wiki/Calculus_(dental)
https://en.wikipedia.org/wiki/Gums
https://en.wikipedia.org/wiki/Cervical_margins

* Dental caries is a chronic endogenous infection

Enamel Decay

caused by the normal oral commensal flora. The
carious lesion is the result of demineralization of
enamel (and later of the dentine ) by acids produced
by plague microorganisms that metabolize dietary
carbohydrates and the cavitation occur . once the

surface layer of enamel has been lost the infection

progresses to dentine, becoming firstly inflamed and

then necrotic.



Classification of dental caries Dental caries can be
classified with respect to the site of the lesion

e pit or fissure caries ( seen in molars, premolars *[Bentinal caries  itissure cries*

Smooth surface
caries*

S/?\

Root surface

* smooth surface caries (seen mainly on approximal caries |

Recurrent Restoration
caries

and the lingual surface of maxillary incisors)

tooth surface just below the contact point) W

|

[

[

* root surface caries (seen on cementum or dentine ‘.[
When the root is exposed to the Oral Nomenclature of dental caries. D, dentine; E, enamel; P, pulp.

*Also termed occlusal caries.

environment)

* recurrent caries ( associated with an existing

restoration)



Aetiology What Cause Cavities?

SUGARY FOODS

Sugary foods aid in the formation of

bacteria. When you have sugar on your
teeth, bacteria will feed on it which
creates plaque.

The major factors involved in the

caries:

* Host factor (tooth and saliva)

ACID REFLUX OR GRED

When you have acid reflux, the acid can
get into your mouth which can wear

L]
o D I et away at your tooth enamel.

DRY MOUTH |

Your saliva prevents tooth decay so when
your mouth gets dry it can be more
susceptible to developing cavities.

* Microorganisms

LACK OF FLUORIDE
Fluoride helps to prevent cavities and is a
common ingredient in toothpaste
and mouthwash.

Sugary drinks are even worse for your

teeth as they can pass through the
small crevices between
your teeth.

LACK OF TOOTH-BRUSH
Brushing your teeth will help you to

SUGARY DRINKS

LACK OF ENAMEL

Acids will wear down the enamel of your
teeth and once it is gone, it cannot
grow back.

get rid of the plaque that forms
after eating.




Host factors
1-Tooth structure

Some areas of the same tooth are much
more susceptible to carious attack than
others, possibly because of difference in

mineral content (especially fluoride).

Enamel caries bciad .
Dentinal caries Pit/fissure caries*

Smooth surface Recurrent  Restoration
caries* caries

Root surface
caries

Gingivy\\

Nomenclature of dental caries. D, dentine; E, enamel; P, pulp.
*Also termed occlusal caries.



Host factors
2-Flow rate and composition of saliva

-The mechanical washing action of saliva is a
very effective mechanism in the removal of
food debris  and unattached oral .

microorganismes.

- it has buffering capacity

-it acts as a delivery vehicle for fluoride.



Diet

There is a direct relationship between dental caries and the
intake of carbohydrates. The most cariogenic sugar is sucrose.
Sucrose is highly soluble and diffuse easily into the dental
plague acting as a substrate for the bacteria to produce
extracellular polysaccharides and acids. For example,
Cariogenic streptococci produce water-unsoluble glucan from
sucrose, which in addition to facilitating initial adhesion of
the organism to the tooth surface, it serves as a nutritional

source and matrix for farther plague development.

e Other cariogenic carbohydrates are glucose and fructose.




Microbiology

Microorganisms in the form of
dental plaque are a precondition for

the development of dental caries.




Dental plaque hypothesis

There two hypotheses for dental plague and
caries according to the relationship with
microorganismes:

* The specific plaque hypothesis: One or more
specific group of bacteria are principally
involved in caries ( e.g. mutans streptococci

group).

* Non-specific plaque hypothesis: the disease is
caused by heterogenous mixture of non-specific
bacteria.




The role of mutans streptococci

The species Streptococcus mutans, with its serotypes (c, e, f
and s), and Streptococcus sobrinus, with serotypes d and g, are
the most commonly found in humans.

The evidences of their role in dental caries are:

* Correlation between mutans streptococci counts in saliva
and plaque with prevalence and incidence of caries.

e production of extracellular polysaccharides from sucrose and
intracellular polysaccharides as glycogen (acts as a food store
for use when dietary carbohydrate is low). .

 Ability to produce and maintain microbial growth (biofilm
formation) to continue acid production.

* Rapid metabolism of sugars to lactic and other organic acids.

* Ability to attain the critical PH for enamel demineralization
more rapidly than other common plaque bacteria.




The role of lactobacilli
lactobacilli has impotent role in dental caries. because of:
* Their high numbers in most carious lesions affecting enamel.

* The positive correlation between their number in plague and saliva,

and caries activity.

» Their ability to grow in low-pH environments and to produce lactic | S8 5 =

acid.

* Their ability to produce extracellular and intracellular

polysaccharides.

It is so important to mention that lactobacilli are rarely isolated from
plaques before the development of caries. It is believed that they are
involved more in the progression of the deep enamel lesion.



* The role of Actinomyces spp.

Actinomyces  spp. are associated with

development of root surface caries.

* The role Veillonella

Veillonella is gram-negative anaerobic coccus

that is present in significant numbers in most

supragingival plaque samples.



Plague metabolism and dental caries

Oral bacteria have developed a number of regulatory mechanismes,

which act at three pathways:
1. transport of sugar into the organisms
2. the glycolytic pathway.

* 3. conversion of pyruvate into metabolic end products.



1. transport of sugar into the organisms

The bacterial metabolism products are responsible for enamel demineralization. The
process begins when dietary sugar is broken down by bacterial extracellular enzymes
such as glucosyl and fructosyl transferases, with the release for glucose and fructose,
respectively. These monosaccharides are then converted into polysaccharides

glucans and fructans, respectively.

Glucose —Glucosvltransferases , Glucans
Fructosyl transferases
Fructose » Fructans

* Glucans are mostly used as a major bacterial food source

* Fructans contribute to the plague matrix while facilitating the adhesion and

aggregation of plaque bacteria and serving as a ready, extracellular food source.



2. the glycolytic pathway.

* During glycolysis, glucose is degraded immediately by bacteria via the glycolytic pathway with production of two

bacterial pyruvate molecules from each molecule of glucose (Pyruvate is the conjugated base of pyruvic acid).

3. conversion of pyruvate into metabolic end products.

* The pyruvate can degraded farther into other chemical molecules.

* under low sugar condition, pyruvate is converted into ethanol, acetate and formate.

* in high sugar level, pyruvate is converted into lactate molecules and then lactic acid.

Different species produce acids at different rate and very in their ability to survive under such conditions. the
mutens streptococci bacteria reduce the plaque PH to low levels creating hostile conditions for other plaque

bacteria.



Microbiology of root surface caries

* Approximately 60% of individuals in the West aged
60 yeas or older now have root caries. This has
arisen mainly because of the reduction in enamel
caries and the consequential retention of teeth later
into life, accompanied by gingival recession. The root

soft cemental surface is highly susceptible to

microbial colonization, due to its irregular and rough

surfaces.



Prevention of dental caries
The major approaches to prevention of caries are:

e Sugar substitutes: stopping or reducing between-meal consumption of
carbohydrates or substituting non-cariogenic artificial sweeteners.

* Fluorides: making the tooth structure less soluble to acid attack by using
fluorides rich products.

» Sealants: to protect susceptible areas of the tooth ( e.g. pit and fissures)
that cannot easily be kept plaque-free by routine oral hygiene measures.

* Reducing cariogenic flora by Probiotics nutrition: replacement of
cariogenic bacteria by organisms with low or no cariogenic potential.
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Enteric Gram-Negative Rods (Enterobacteriaceae)

INTRODUCTION

The Enterobacteriaceae are a largest, most heterogeneous collection of medically

important gram-negative rods, 48 genera, whose natural habitat is the intestinal tract of
humans and animals.

The family includes many genera (Escherichia, Shigella, Salmonella, Enterobacter,
Klebsiella, Serratia, Proteus, and others).

- Escherichia coli, are part of the normal flora and incidentally cause disease
- Salmonellae and shigellae, are regularly pathogenic for humans.

The Enterobacteriaceae are facultative anaerobes or aerobes, ferment a wide range of
carbohydrates, possess a complex antigenic structure, and produce a variety of toxins
and other virulence factors.

Enterobacteriaceae or it could be named enteric gram-negative rods (enteric bacteria),
or (coliforms).




* There are four major features:

-The Enterobacteriaceae are short gram-negative rods (Figurel).
-Typical morphology is seen in growth on solid media in vitro,

- morphology is highly variable in clinical specimens.

-Capsules are large and regular in Klebsiella, less so in Enterobacter,
and uncommon in the other species.



Antigenic Structure :
Enterobacteriaceae have a complex antigenic structure. They are classified by:
* -More than 150 different heat-stable somatic O (lipopolysaccharide) antigens.

* - More than 100 heat-labile K (capsular) antigens. In Salmonella typhi, the
capsular antigens are called Vi antigens.

Flagella (H ontigen)

* - More than 50 H (flagellar) antigens .

Copsule (K or Vi antigen)

Lipopolysaccharide {LPS) or
endotoxin

— O polysacchoride
— Polysaccharide core
Lipid A

Outer membraone

Periplasmic spoce
— Lipoprotein
Peptidoglycan

Inner membrane

Cytoplasm
nlw -
B ~— Pili



* Colicins (Bacteriocins)

Many gram-negative organisms produce bacteriocins. These high-
molecular-weight bactericidal proteins are produced by certain strains of
bacteria active against some other strains of the same or closely related
species. Their production is controlled by plasmids. Colicins are produced
by E coli. Bacteriocin-producing strains are resistant to their own
bacteriocin; thus, bacteriocins can be used for "typing" of organisms.

* Toxins & Enzymes

Most gram-negative bacteria possess complex lipopolysaccharides in their
cell walls. These substances, cell envelope (cytoplasmic membrane,
peptidoglycan, outer membrane) endotoxins. Many gram-negative enteric
bacteria also produce exotoxins of clinical importance.



* Human pathogen :

Enterobacteriaceae as a group were originally divided into pathogens
and non-pathogens based on their ability to cause diarrheal disease of

humans.

The most important pathogenic genera are Salmonella and Shigella.
However, it is now known that E. coli causes at least five types of
gastrointestinal disease in humans.




1.Escherichia coli :

e Most E. coli strains are harmless however there are
strains that cause disease in humans and animals
that making them important pathogens in their own
right.

Clinically, two distinct types of pathogenic E. coli are
recognized.

- Extra-intestinal pathogenic E. coli (EXPEC) includes
those E. coli associated with newborn meningitis
(NBM) or sepsis and urinary tract infections (UTIs).

- Intestinal pathogenic E. coli (IPEC) includes E. coli
responsible for a range of distinct classes of diarrhoeal
disease.




* This bacteria produce pink (lactose positive) colony with surrounding
pink area on MacConkey, Ferments glucose, lactose, trehalose, &
xylose, Positive indole and methyl red tests, Does NOT produce H2S
or phenylalanine deaminase, Simmons citrate negative, Usually
motile, Voges-Proskauer test negative.

Methyl Red Methyl Red

_negative positive
~ Voges-Proskauer  Voges-Proskauer

Citrate Utilization Test
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The strains that associated with gastrointestinal disease are classified as
follow:

e Enteroinvasive E. coli (EIEC) :

Strains belonging to this group are biochemically, genetically and
pathogenically closely related to Shigella spp. The most common symptom is
watery diarrhoea which may precede dysenteric stools containing mucus and
blood. In severe cases, the bacteria may attack the colonic mucosa, invading
epithelial cells, multiplying and causing ulceration of the bowel.

* Enterotoxigenic E. coli (ETEC) :

Strains belonging to the ETEC pathotype are characterized by the production
of at least one of two types of enterotoxin: LT (heat-labile enterotoxin) and
ST (heat-stable enterotoxin). Cause “traveler’s diarrhea”; watery diarrhea
without blood; self-limiting; usually not identified.



* C-Enteroaggregative E. coli ( EAEC) :

Cause diarrhea by adhering to the mucosal surface of the intestine; watery
diarrhea; symptoms may persist for over two weeks, EAggEC (or EAEC) are a
major cause of chronic infantile diarrhoea and they have also emerged as a
cause of diarrhoeal disease in adults and children in developed countries.
Toxins that have also been associated with strains of EAggEC include an E. coli
heat-stable-like enterotoxin termed enteroaggregative heat-stable toxin-1
(EAST-1) and a heat-labile toxin.

* D-Enteropathogenic E. coli (EPEC) :

Primarily in infants and children; outbreaks in hospital nurseries and day care
centers; stool has mucous but not blood; identified by serotyping.



e E-Enterohaemorrhagic E. coli (EHEC) :

(EHEC serotype 0157:H7) — associated with hemorrhagic diarrhea and hemolytic-uremic
syndrome (HUS), which includes low platelet count, hemolytic anemia, and kidney failure;
potentially fatal, especially in young children; undercooked hamburger, unpasteurized milk
and apple cider have spread the infection; does NOT ferment sucrose; identified by
serotyping. EHECs have emerged as one of the most important threats to human health .

Term Abbrevia | Pathogenic Signs&
Hon Phenotype Symptoms
Enterotoxi i Secretion of: | Traveler’s diarrhoea
" rza)’(”g ne| evec heat-Lapile Watery, mild abdominal
heat-stable cramp ,(small intestine)
(ST)/ dehydration, vomiting
Adhere to Watery diarrhoea, vomi
Enteroaggregati EaggEC epith.czlls dehydration, abdomina
ve E.coli pain
Adhere to Infants (18-24month); low
Ente_ro pathogen EPEC epithelial cells f_ever,t(nalais%vom ﬁg
ic E.coli (pilli)l_effacing diarrhoea— (duodenum)
esions
Enteroinvasive EIEC Invade colonic Dysentery;fever,
E.coli @;’Eg?ﬁ‘a colitis,diarrhoea with
dyﬂ?g ncdike blood, mucus, Leulkocytes
Enterohaemorr Production of Bloody diarrhoea, WEBCs,
hagic E.coli EHEC toxin —Haemorrhagic.colitis
seroty &Haemolytic uraemic
0157;A7 syndrome (ll;'ailﬁz-éAm renal




e 2- Klebsiella:

It is gram negative , non-motile, capsulate, thick& bacilli
producing mucoid pink colonies on MacConky medium,
it is found in mucosa of upper respiratory tract, intestinal |
& urinary tract, it is member of Normal flora that may |
cause sever systemic infection under certain condition
such as immunocompromise debilitation.

* Klebsiella pneumoniae

Is the causative agent of pneumonia &lung abscesses
also may cause urinary tract infections .

* Virulence factor for Klebsiella pneumoniae

: : , : o I
1-capsular mucoid polysaccharide which can resist to DAL, PN ’ " Re
action of phagocytes. S R P
I 1 H . o iy : &\ X~
2-some strain carry plasmid coding for production heat — & PO hAL % *%
stable enterotoxine 2 005 Ny
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3-they contain resistance plasmids (R-plasmids) which WSy T

confer resistance to antibiotic.



* 3- Proteus:

Proteus species move very actively by means of
peritrichous flagella, resulting in "swarming" on solid

media.

Strains of Proteus vary greatly in antibiotic sensitivity.
P mirabilis is often inhibited by penicillins; the most
active antibiotics for other members of the group are
aminoglycosides and cephalosporins. Proteus species
are urease-positive, ferments lactose very slowly or
not at all.

* Pathogenecity: it is opportunistic pathogen cause
urinary tract infection ,may produce Pyogenic lesion
like abscess infection of wound ,ear or respiratory
tract.




* 4. Shigella—Shigellae are nonmotile and usually
do not ferment lactose but do ferment other
carbohydrates like glucose, producing acid but
not gas. They do not produce H,S (in triple sugar
iron test). The four Shigella species are closely
related to E coli.




The natural habitat of shigella is limited to the
intestinal tracts of humans and other primates,
where they produce bacillary dysentery.

* Morphology & Identification

Shigella are slender gram-negative rods;
coccobacillary forms occur in young cultures.

e Culture:

Shigella are facultative anaerobes but grow best
aerobically. Convex, circular, transparent colonies
with intact edges reach a diameter of about 2 mm
in 24 hours.




Pathogenesis & Pathology

 Shigella infections are almost always limited to the gastrointestinal tract;
bloodstream invasion is quite rare.

* The essential pathologic process is :-

-Invasion of the mucosal epithelial cells (eg, M cells) by induced
phagocytosis

-Escape from the phagocytic vacuole.

-Multiplication and spread within the cell cytoplasm, and passage to
adjacent cells.

* This bacteria cause micro abscesses in the wall of the large intestine and
terminal ileum lead to necrosis of the mucous membrane, superficial
ulceration, bleeding, and formation of a "pseudomembrane" on the
ulcerated area. This consists of fibrin, leukocytes, cell debris, a necrotic
mucous membrane, and bacteria.



Toxins
* Endotoxin :

all shigellae release their toxic lipopolysaccharide. This endotoxin probably
contributes to the irritation of the bowel wall.

* Shigella dysenteriae exotoxin :

S. dysenteriae type 1 (Shiga bacillus) produces a heat-labile exotoxin that
affects both the gut and the central nervous system. The exotoxin is:

- Acting as an enterotoxin, it produces diarrhea as does the E coli toxin
- inhibits sugar and amino acid absorption in the small intestine.

-Acting as a "neurotoxin," this material may contribute to the extreme
severity and fatal nature of S dysenteriae infections.



Diagnostic Laboratory Tests
* Specimens :

Specimens include fresh stool, and rectal swabs for culture. Large
numbers of fecal leukocytes and some red blood cells often are seen
microscopically.

e Culture:

The materials are streaked on differential media (eg, MacConkey or
EMB agar) and on selective media (Hektoen enteric agar or
Salmonella-Shigella agar).

Colorless (lactose-negative) colonies are inoculated into triple sugar
iron agar.

Organisms that fail to produce H,S, that do not produce gas in triple
sugar iron agar medium, and that are nonmotile should be subjected
to slide agglutination by specific Shigella antisera.

* Treatment :

Ciprofloxacin, ampicillin, doxycycline, and trimethoprim-
sulfamethoxazole are most commonly inhibitory for Shigella isolates
and can suppress acute clinical attacks of dysentery and shorten the
duration of symptomes.




5. Salmonella—They are pathogenic for humans or animals
when ingested.

Salmonella are transmitted from animals and animal products
to human, where they cause enteritis, systemic infection, and
enteric fever.

* Morphology & Identification :

Salmonella vary in length. Most isolates are motile with
peritrichous flagella.

Salmonellae grow on simple media, it ferments glucose and
mannose without producing gas but they almost never
ferment lactose or sucrose. They usually produce H,S. They
survive freezing in water for long periods. Salmonellae are
resistant to certain chemicals (eg, brilliant green, sodium
tetrathionate, sodium deoxycholate) .




Pathogenesis & Clinical Findings :

 Salmonella typhi, Salmonella choleraesuis
Salmonella  paratyphi A and  Salmonellc sy
paratyphi B are primarily infective for humansggess
The vast majority of salmonellae, however,
chiefly pathogenic in animals that constitute the
reservoir for human infection: poultry, pigs,
rodents, cattle, pets (from turtles to parrots),
and many others.

* The organisms almost always enter via the oral

route, usually with contaminated food or drink.
The infective dose to produce clinical or
subclinical infection in humans is 10°-108
salmonellae (but perhaps as few as 103
Salmonella Typhi organisms).



Salmonellae produce three main types of disease in humans, but mixed forms
are frequent

1-THE "ENTERIC FEVERS" (TYPHOID FEVER)

This syndrome is produced by only a few of the salmonellae, of which Salmonella
Typhi (typhoid fever) is the most important. The ingested salmonellae reach the
small intestine, from which they enter the lymphatics and then the bloodstream.
They are carried by the blood to many organs, including the intestine. The

organisms multiply in intestinal lymphoid tissue and are excreted in stools.

After an incubation period of 10-14 days, fever, malaise, headache, constipation,
bradycardia, and myalgia occur. The spleen and liver become enlarged. Rose
spots, usually on the skin of the abdomen or chest, are seen briefly in rare cases.
The white blood cell count is normal or low. the mortality rate was 10-15%.

Treatment with antibiotics has reduced the mortality rate to less than 1%.

SYMPTOMS OF TYPHOID
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2- BACTEREMIA WITH FOCAL LESIONS

This is associated commonly with
S.choleraesuis but may be caused by any
salmonella serotype. Following oral
transmission, there is early invasion of
the bloodstream (with possible focal
lesions in lungs, bones, meninges, etc)
intestinal manifestations are often
absent. Blood cultures are positive.




3- ENTEROCOLITIS

This is the most common manifestation of salmonella
infection. Eight to 48 hours after ingestion of
salmonellae, there is nausea, headache, vomiting,
and profuse diarrhea, with few leukocytes in the
stools. Low-grade fever is common, but the episode
usually resolves in 2-3 days. Inflammatory lesions of
the small and large intestine are present.

Bacteremia is rare (2—4%) except in immunodeficient
persons.

Blood cultures are usually negative, but stool cultures
are positive for salmonellae and may remain positive
for several weeks after clinical recovery.

Croxs section of
healthy small intestine
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Diagnostic Laboratory Tests
* Specimens
Blood for culture must be taken repeatedly. In enteric

fevers and septicaemias, blood cultures are often ;
positive in the first week of the disease. Bone marrow

cultures may be useful. Urine cultures may be positive
after the second week.

Stool specimens also must be taken repeatedly. In
enteric fevers, the stools yield positive results from
the second or third week on; in enterocolitis, during
the first week.



Bacteriologic methods for isolation of salmonellae

1. Differential medium cultures— (Differential
media are used to differentiate closely related
organisms or groups of organisms).

EMB, MacConkey, or deoxycholate medium permits
rapid detection of lactose non-fermenters (not only
salmonellae and shigellae but also Proteus, Serratia,
etc).

Bismuth sulfite medium permits rapid detection of
salmonellae which form black colonies because of H,S
production. Many salmonellae produce H,S.

e 2. Selective medium cultures— (Selective media
allow certain types of organisms to grow, and inhibit
the growth of other organisms). For salmonella, The
specimen is plated on salmonella-shigella (SS) agar,
Hektoen enteric agar which favor growth of
salmonellae and shigellae over other
Enterobacteriaceae.




* 3. Enrichment cultures—The specimen (usually stool) also is put into
tetrathionate broth, which inhibit replication of normal intestinal
bacteria and permit multiplication of salmonellae. After incubation
for 1-2 days, the resulted colonies have to be plated on differential
and selective media.

* 4. Final identification—Suspect colonies from solid media are
identified by biochemical reaction patterns and slide agglutination
tests with specific sera.



SEROLOGIC METHODS

1. Agglutination test—In this test, known sera and unknown
culture are mixed on a slide.

Clumping, when it occurs, can be observed within a few minutes.
This test is particularly useful for rapid identification of cultures.

There are commercial kits available to agglutinate and serogroup
salmonellae by their O antigens: A, B, C;, C,, D, and E.

2. Tube dilution agglutination test (Widal test)—The Widal test to
detect these antibodies against the O and H antigens has been in
use for decades.

D (,,i:__ - C.:D i -,; [
At least two serum specimens, obtained at intervals of 7-10 days, ) ’ |
are needed to prove a rise in antibody titre. === 1=0= L’
Serial dilutions of unknown sera are tested against antigens from |-/ |- | /| | ! |
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representative salmonellae. False-positive and false-negative 7 = st 2o
results occur.

Serum agglutinins rise sharply during the second and third weeks
of Salmonella Typhi infection.



Treatment :

* While enteric fevers and bacteraemia with focal lesions require
antimicrobial treatment, the vast majority of cases of enterocolitis do not.

* Antimicrobial treatment of Salmonella enteritis in neonates is important.
* In severe diarrhea, replacement of fluids and electrolytes is essential.

* Antimicrobial therapy of invasive Salmonella infections is with ampicillin,
trimethoprim-sulfamethoxazole, or a third-generation cephalosporin.

* Multiple drug resistance transmitted genetically by plasmids among enteric
bacteria is a problem in Salmonella infections.

e Susceptibility testing is an important in order to select a proper antibiotic.



e Carriers :

After manifest or subclinical infection, some individuals continue to
harbour salmonellae in their tissues for variable lengths of time
(healthy permanent carriers). harbouring the organisms in the
gallbladder, biliary tract, or, rarely, the intestine or urinary tract.



Sources of infection :

The sources of infection are food and drink that have been
contaminated with salmonella. The following sources are important:

1. Water—Contamination with feces often results in explosive
epidemics.

2. Milk and other dairy products (ice cream, cheese, custard)—
Contamination with feces and inadequate pasteurization or improper
handling.

3. Shellfish—From contaminated water.

4. Dried or frozen eggs—From infected fowl or contaminated during
processing.

5. Meats and meat products—From infected animals (poultry) or
contamination with feces by rodents or human



* Prevention & Control salmonella infections

1-prevent contamination of food and water by rodents or other animals
that excrete salmonellae.

2-Infected poultry, meats, and eggs must be thoroughly cooked.

3-Carriers must not be allowed to work as food handlers and should
observe strict hygienic precautions.

4-Two typhoid vaccines are currently available: an oral live, attenuated
vaccine and a Vi capsular polysaccharide vaccine for intramuscular use.

5-Vaccination is recommended for travellers to endemic regions.



Pseudomonas aeruginosa



* Pseudomonas aeruginosa 1s a common encapsulated, Gram-
negative, strict acrobic (although can grow anaerobically in the presence
of nitrate), Rod-shaped bacterium that can cause disease in plants and
animals, including humans.



https://en.wikipedia.org/wiki/Bacterial_capsule
https://en.wikipedia.org/wiki/Gram-negative_bacteria
https://en.wikipedia.org/wiki/Aerobic_organism
https://en.wikipedia.org/wiki/Bacillus_(shape)
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Disease

Its medical importance is attributed to:
e P aeruginosa IS a multidrug

resistant pathogen due to its advanced antibiotic ¢ /I< reronanes |
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* The organism is considered opportunistic as
serious infection  often  occurs  during
existing diseases

* It generally affects the immunocompromised but
can also infect the immunocompetent. The
symptoms of such infections are
generalized inflammation and sepsis.

* If such colonizations occur in critical body organs,
such as the lungs, the urinary tract, and kidneys,
the results could be fatal.

* Treatment of P. aeruginosa infections can be
difficult due to its natural resistance to
antibiotics.



https://en.wikipedia.org/wiki/Opportunistic_infection
https://en.wikipedia.org/wiki/Disease
https://en.wikipedia.org/wiki/Immunodeficiency
https://en.wikipedia.org/wiki/Immunocompetent
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Sepsis
https://en.wikipedia.org/wiki/Lung
https://en.wikipedia.org/wiki/Urinary_tract
https://en.wikipedia.org/wiki/Kidney

* Treatment of P. aeruginosa infections can be difficult due to
its natural resistance to antibiotics.

 However, P. aeruginosa is not extremely virulent in

comparison with other major pathogenic bacterial species —
for example the Gram-positive Staphylococcus

aureus and Streptococcus pyogenes

* P. aeruginosa is capable of extensive colonization, and can
aggregate into enduring biofilms.



https://en.wikipedia.org/wiki/Virulence
https://en.wikipedia.org/wiki/Gram-positive
https://en.wikipedia.org/wiki/Staphylococcus_aureus
https://en.wikipedia.org/wiki/Streptococcus_pyogenes
https://en.wikipedia.org/wiki/Biofilm

e |t is citrate, catalase, and oxidase positive. It is found in soil,
water, skin flora, and most man-made environments throughout the
world.

* It thrives not only in normal atmospheres, but also in low-
oxygen atmospheres, thus has colonized many natural and artificial
environments.
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Toxins

- P aeruginosa uses the virulence factor exotoxin A to
inactivate eukaryotic elongation factor 2 in the host cell, much as
the diphtheria toxin does. Without elongation factor 2, eukaryotic
cells cannot synthesize proteins and necrotise.

- P. aeruginosa uses an exoenzyme U (ExoU), which degrades the
plasma membrane of eukaryotic cells, leading to lysis.


https://en.wikipedia.org/wiki/Virulence_factor
https://en.wikipedia.org/wiki/Exotoxin_A
https://en.wikipedia.org/wiki/Eukaryotic_elongation_factor_2
https://en.wikipedia.org/wiki/Diphtheria_toxin
https://en.wikipedia.org/wiki/Eukaryotic_cells
https://en.wikipedia.org/wiki/Proteins
https://en.wikipedia.org/wiki/Lysis

Biofilms formation

* Biofilms of P. aeruginosa can cause
chronic opportunistic infections, which are a serious
problem for medical care especially for

immunocompromised patients and the elderly. They
often cannot be treated effectively with
traditional antibiotic therapy.

* Biofilms seem to protect these bacteria from adverse
environmental factors.

* Researchers consider it important to learn more about
the molecular mechanisms that cause the switch from
planktonic growth to a biofilm phenotype.


https://en.wikipedia.org/wiki/Biofilm
https://en.wikipedia.org/wiki/Opportunistic_infection
https://en.wikipedia.org/wiki/Antibiotic

Diagnosis

* Depending on the nature of infection, an appropriate
specimen is collected and sent to
a bacteriology laboratory for identification.

* As with most bacteriological specimens, a Gram
stain is performed, which may show Gram-negative
rods and/or white blood cells.

* P. aeruginosa produces colonies with a characteristic
"grape-like" on bacteriological media. In mixed
cultures, it can be isolated as clear colonies
on MacConkey agar, it does not ferment lactose,
which will test positive for oxidase.



https://en.wikipedia.org/wiki/Bacteriology
https://en.wikipedia.org/wiki/Gram_stain
https://en.wikipedia.org/wiki/White_blood_cells
https://en.wikipedia.org/wiki/MacConkey_agar
https://en.wikipedia.org/wiki/Lactose
https://en.wikipedia.org/wiki/Oxidase

e Confirmatory tests include production of the blue-
green pigment pyocyanin on cetrimide agar .

* A Trible sugar iron slant is often used to distinguish
nonfermenting Pseudomonas species from enteric
pathogens in faecal specimens.

* When P. aeruginosa is isolated from a normally
sterile site (blood, bone, deep collections), it is
generally considered dangerous and almost always
requires treatment.



https://en.wikipedia.org/wiki/Cetrimide_agar

Treatment

* Many P. aeruginosa isolates
are resistant to a large range of
antibiotics and may demonstrate
additional resistance after unsuccessful
treatment.

* It should usually be possible to guide
treatment according to laboratory
sensitivities, rather than choosing an
antibiotic empirically.



https://en.wikipedia.org/wiki/Antibiotic-resistance
https://en.wikipedia.org/wiki/Empiric_therapy

* Due to widespread resistance to many common first-line
antibiotics, carbapenems, polymyxins, and more
recently tigecycline were considered to be the drugs of choice.

* however, resistance to these drugs has also been reported. Despite
this, they are still being used in areas where resistance has not yet
been reported.

e Use of B-lactamase inhibitors such as sulbactam ( beta-lactamase
inhibitors) has been advised in combination with antibiotics to
enhance antimicrobial action even in the presence of a certain level
of resistance.


https://en.wikipedia.org/wiki/Carbapenems
https://en.wikipedia.org/wiki/Polymyxins
https://en.wikipedia.org/wiki/Tigecycline

P aeruginosa low antibiotic susceptibility is attributable to a
concerted action of multidrug efflux pumps with chromosomally
encoded antibiotic resistance genes

* Efflux pumps are capable of moving a variety of different toxic
compounds out of cells, such as antibiotics,

* Moreover, P. aeruginosa have low permeability of the bacterial
cellular envelopes

* |n addition to this intrinsic resistance, P. aeruginosa easily develops
acquired resistance either by mutation in chromosomally encoded
genes or by the horizontal gene transfer of antibiotic resistance
determinants.

* Hypermutation favours the selection of mutation-driven antibiotic
resistance in P. aeruginosa strains producing chronic infections.


https://en.wikipedia.org/wiki/Efflux_(microbiology)
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Antibiotic
https://en.wikipedia.org/wiki/Mutation
https://en.wikipedia.org/wiki/Horizontal_gene_transfer

Prevention

* Probiotic prophylaxis may prevent colonization and delay onset
of Pseudomonas infection in an ICU setting. Immunoprophylaxis
against Pseudomonas is being investigated. The risk of contracting P.
aeruginosa can be reduced by avoiding pools, hot tubs, and other
bodies of standing water, as well as individual hygiene.



Staphylococcus




Staphylococcus

* Family: Micrococcaceae
« Genus:

— Staphylococcus- the name derived from

Greek word “staphyle” ( means bunch of
grapes)

This genus Include major human pathogen and
skin commensals bacteria

— Micrococcus- skin commensal



Staphylococci
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Staphylococci
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S. saprophyticus | | S. epidermidis
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S. aureus




Staphylococcus: General Characteristics

« Gram-positive spherical
cells (0.5-1.5 um) in Staphylococei
singles, pairs, and clusters

“bunches of grapes”

Gold colonies on tryptic
soy agar

These bacteria are G+
so its color is purple in
Gram-stained smear



Staphylococcus:. General Characteristics

Non motile

Non—spore-forming
Catalase-producing

Grow at 15 % NaCl concentrations.
Oxidase: negative

Glucose fermenters

Primarily aerobic, some facultatively anaerobic



Staphylococcus: General Characteristics

Staphylococcus divided into coagulase positive
& coagulase negative categories

Colony morphology: buttery looking, cream or
white colored on blood agar and Gold colonies on
tryptic soy agar

Optimum temperature at 37°C , however

they can grow at a temperature ranged
from (15 to 45 °C).

Some produce Beta-hemolytic colonies
on blood agar.

For Staphylococcus aureus the name
(aureus) refers to the gold color of the
colonies.




Staphylococcus: General Characteristics

All staphylococci are Catalase positive. |
(Catalase converts H,O, to H,O and O, )#

-The coagulase (Coagulase converts | el
fibrinogen to fibrin) and manifold COAGULASE
fermentation tests are used to distinguish e

S. aureus from other staphylococcal
species.

- Non-Motile and Non spore forming.

POSITIVE NEGATIVE



Coagulase Negative Staphlyococci
(CoNS)

-Are part of normal flora of human skin and mucous
membranes

- relatively low virulence

- frequently involved in nosocomial and opportunistic
infections

- Clinically significant infection associated with endocarditis,
joints infection, wound infections, bacteremia, Urinary tract
infections (UTI).



Coagulase Negative Staphlyococci
(CoNS)

S. epidermidis is an inhabitant of the

skin and mucous membranes, mostly

nonpathogenic & may play a
protective role in humans as normal e
flora.

Adherence and colonization of :
catheters by S. epidermidis is a

Embolic and

crucial step in the initiation of foreign “==
body infections.
The production of biofilm, a significant

determinant of virulence for S.

epidermidis.

S. saprophyticus is a leading cause of

cystitis in young women. And shares

of urinary tract infection

Vessel



Coagulase Positive Staphylococci
(CoPS)

S. aureus can be found in nasal passage as normal flora, but
it may be found in other sites (skin, mucous membranes,

oral cavity & gastrointestinal tract)

Always considered a potential pathogen and it significantly

can cause nosocomial infections.

populations known to be at risk of staphylococcal disease
including dialysis patients, diabetics and HIV-infected

subjects.

Staphylococci cause infection either as a result of

autoinoculation or by transmission from a carrier to a patient.



Staphylococcus aureus

« S. aureus causes a \variety of
suppurative (pus-forming) and toxigenic

infections in humans.



Staphylococcus aureus

These bacteria can produce Superficial skin lesions

such as Boils, furuncles, abscess

They produce these infection Because of their presence
as commensals on the skin and other sites.

both coagulase positive and negative bacteria frequently

cause prosthetic device (e.g. intravascular catheters)
related infections.

Establishment of infection in general requires an ordered
sequence of events that involves adherence, colonization,
Invasion, spread, as well as the host response to this
Process.



Furuncles Boils

@ Mayo Foundation for Medical Education and Research. Al righs reserved.



Staphylococcus aureus

 More serious skin infections such as Impetigo (bubble-
like swellings that can break and peel away; common In

newborns)

« Staphylococcal scalded skin syndrome (SSSS) or Ritter's
disease (relatively rare); (toxin induces bright red flush,

blisters, then desquamation of the epidermis)









Staphylococcus aureus

e Could produce Serious infections (Deep) such as
Pneumonia (infections in the Ilung), Osteomyelitis
(Localized infection of bone ), endocarditis, meningitis,

skeletal muscle, urinary tract infections.

e S. aureus is a major cause of hospital acquired
(nosocomial) infections Surgical wounds and infections
associated with medical devices. Serious consequences
of staphylococcal infections (Systematic infections) occur
when the bacteria invade the blood stream. A resulting

septicemia may be rapidly fatal or bacteremia.



Staphylococcus aureus

e Toxigenic infections: S aureus causes food poisoning

by releasing heat stable enterotoxins into food.

e These bacteria can produce toxic shock syndrome
(leading to shock and organ failure) by release of

superantigens into the blood stream.



Staphylococcus aureus

« The superantigens are T cell

mitogens. Disease takes place due
to the ability of these toxins to bind
antigen presenting cells MHC 2
molecule outside the peptide
groove. The superantigens then
bind T cells via the variable region
resulting In massive T cell
activation and the release of large
quantities of cytokines - a
“‘cytokine storm” including IL-1, IL2,
TNF, and interferon gamma. The
result is a multiorgan disease
similar in clinical presentation to
septic shock with  significant
morbidity and mortality.
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DISEASES

Due to direct effect  Toxin mediated

of organism — Food poisoning
— Local - skin — toxic shock

— Deep abscesses syndrome

— Systemic infections — Scalded skin

syndrome



Staphylococcus aureus
virulence factors

(1) Surface proteins that facilitate bacterial
adherence to host cell surfaces. These surface
proteins facilitate attachment to molecules found In
the extracellular matrix including fibronectin,
fibrinogen, and collagen. They may help explain the
tropism of this bacterial species to invade particular

tissue sites



Staphylococcus aureus
virulence factors

* (2) Invasions Promote bacterial spread in
tissues (leukocidin, Kinases,
hyaluronidase). Hyaluronidases hydrolyze
hyaluronic acids and may contribute to
tissue breakdown and spread of
staphylococci across tissue barriers



Staphylococcus aureus
virulence factors

* (3) DNase Digests DNA

* (4) Lipases Digest oils; enhances colonization
on skin .

* (5) Surface factors Avoidance of host
defenses; Inhibit phagocytic engulfment
(capsule, Protein A).



Staphylococcus aureus
virulence factors

* The majority of clinical isolates of S aureus
express a surface  polysaccharide
(microcapsule) which can be visualized
only by electron microscopy. S. aureus
strains Isolated from infections express
high levels of the capsule but rapidly lose it
when cultured in the laboratory.

- Protein A: binds IgG antibody iIn the
wrong orientation ( Fc region), which
disrupts opsonization and phagocytosis.



Staphylococcus aureus
virulence factors




Staphylococcus aureus
virulence factors

(6) Staphyloxanthin; carotenoid pigment which
responsible for golden colonies, and it has an antioxidant
action that helps bacteria to evade reactive oxygen

species by the host immune system. Catalase production.

(7) Membrane-damaging toxins Lyse eukaryotic cell
membranes. Hemolysin lysis red blood cells. Leukocidin;

lysis neutrophils and macrophages.



Staphylococcus aureus
virulence factors

Exfoliative toxins (ETs);responsible for Staphylococcal
scalded skin syndrome (SSSS); separates the epidermis
from the dermis. —

Panton-Valentine Leukocidin (PVL) cyioioxin creates
pores in the membranes of infected cells. It is associated
with severe necrotizing pneumonia in children.

(10) Inherent & acquired resistance to antimicrobial
agents (Penicillinase- inactivates penicillin).

Beta-lactamases are released by staphylococci and can
hydrolyze the beta-lactam ring of penicillins and
cephalosporins rendering the antibiotics useless.



https://en.wikipedia.org/wiki/Cytotoxicity

Host Defense against Staphylococcal Infections
* Phagocytosis: Neutrophil is the primary cellular defenses
of mmnate immunity against Staphylococcal infections.

 Antibodies are produced which neutralize toxins and
promote opsonization.

« Staphylococci may be difficult to kill after phagocytic
engulfment because they produce catalase which
neutralize the superoxide ( on of reactive oxygen species)
which 1s primary phagocytic killing mechanisms within
the phagolysosome | '@

_ 0 g <A
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https://en.wikipedia.org/wiki/Reactive_oxygen_species

Treatment

* Hospital acquired infection of S. aureus is often caused
by antibiotic resistant strains (e.g. MRSA) and can be
treated with vancomycin or an alternative.

 The term MRSA refers to Methicillin resistant S. aureus
and related beta-lactam antibiotics (e.g. penicillin,
oxacillin, amoxacillin). Some MRSA are resistant to
vancomycin (VRSA). The infections have been treated
with combination therapy using sulfa drugs and/or
rifampin.

 (CoNS); can also produce beta lactamase enzyme that
makes them resistant to methicillin and oxacillin.
Vancomycin is the most common antibiotic used to treat
infections caused by CoNS. Rifampin and gentamicin
may be added to prevent highly antibiotic resistance.



Vaccines :-No vaccine is generally available

that stimulates active immunity against
staphylococcal infections in humans.
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Staphylococci and micrococci in
Oral cavity

Staphylococci and micrococci are also not
commonly isolated in large numbers from
the oral cavity although the former are
found in denture plaque, as well as in|
Immunocompromised patients and
individuals suffering from a variety of oral
infections. Although these bacteria are =&
not usually considered to be members of &
the resident oral microflora, they may be |
present transiently, and they have been
iIsolated from some sites with root surface
caries and from some periodontal pockets
that fail to respond to conventional
therapy.







STREPTOCOCCUS




Streptococcus

* Is a genus of Gram-positive coccus or spherical bacteria

that belongs to the family Streptococcaceae. Cell

division in streptococci occurs along single axis, so as
they grow, and tend to form pairs or chains that may
appear bent or twisted. (Contrast with that

of staphylococci, which divide along multiple axis,

thereby generating irregular, grape-like clusters of cells.)



https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Gram-positive_bacteria
https://en.wikipedia.org/wiki/Coccus
https://en.wikipedia.org/wiki/Streptococcaceae
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Coordinate_system
https://en.wikipedia.org/wiki/Staphylococcus
https://en.wikipedia.org/wiki/Cell_(biology)

» Certain Streptococcus species are responsible
for many cases of pink eye, meningitis, bacterial
pneumonia, endocarditis, erysipelas,
and necrotizing fasciitis (the 'flesh-eating’
bacterial infections).

» However, many streptococcal species are not
pathogenic, and form part of
the commensal human microbiota of the mouth,
skin, intestine, and upper respiratory tract.



https://en.wikipedia.org/wiki/Conjunctivitis
https://en.wikipedia.org/wiki/Meningitis
https://en.wikipedia.org/wiki/Bacterial_pneumonia
https://en.wikipedia.org/wiki/Endocarditis
https://en.wikipedia.org/wiki/Erysipelas
https://en.wikipedia.org/wiki/Necrotizing_fasciitis
https://en.wikipedia.org/wiki/Commensalism
https://en.wikipedia.org/wiki/Microbiota_(microbiology)

Species of  Streptococcus are classified based on
their hemolytic properties to:

* Alpha-hemolytic: species cause oxidization of iron

in hemoglobin molecules within red blood cells, giving it a greenish color

on blood agar.

* Beta-hemolytic: species cause complete rupture of red blood cells. On
blood agar, this appears as wide areas clear of blood cells surrounding

bacterial colonies.

alpha hemolysis - partial; S. pneumoniae

* Gamma-hemolytic: species cause no hemolysis. bbtaheniolists - complete: s ivogenes

gamma hemolysis — none; E. faecalis


https://en.wikipedia.org/wiki/Hemolysis_(microbiology)
https://en.wikipedia.org/wiki/Hemoglobin

* Beta-hemolytic streptococci are further classified by a serotype classification (that 1s, describing
specific carbohydrates present on the bacterial cell wall)

* In the medical setting, the most important groups are the alpha-hemolytic streptococct S.
pneumoniae and Streptococcus viridans group, and the beta-hemolytic streptococci of groups A

and B S. pyogenes (also known as “group A strep” and “group B strep”).



https://en.wikipedia.org/wiki/Serotype
https://en.wikipedia.org/wiki/Streptococcus_pyogenes

Pneumococci

S. bneumoniae (sometimes called

pneumococcus), is a leading cause of

bacterial pneumonia and occasional etiology

of otitis media, sinusitis, meningitis,

and peritonitis. Inflammation is thought to be
the major cause of how pneumococci cause

disease.



https://en.wikipedia.org/wiki/Streptococcus_pneumoniae
https://en.wikipedia.org/wiki/Pneumonia
https://en.wikipedia.org/wiki/Otitis_media
https://en.wikipedia.org/wiki/Sinusitis
https://en.wikipedia.org/wiki/Meningitis
https://en.wikipedia.org/wiki/Peritonitis

THE VIRIDANS GROUP

* The viridans streptococci are a  large  group

of commensal bacteria that are either alpha-hemolytic,

producing a green coloration on blood agar plates , or

nonhemolytic.

* Viridans streptococci can be differentiated from Streptococcus

bneumoniae using an optochin test, as viridans streptococci

are optochin-resistant;  they also lack either

the polysaccharide-based capsule typical of S. pneumoniaeor
the Lancefield antigens of the pyogenic members of the genus



https://en.wikipedia.org/wiki/Viridans_streptococci
https://en.wikipedia.org/wiki/Commensal
https://en.wikipedia.org/wiki/Hemolysis_(microbiology)
https://en.wikipedia.org/wiki/Agar_plates
https://en.wikipedia.org/wiki/Streptococcus_pneumoniae
https://en.wikipedia.org/wiki/Optochin
https://en.wikipedia.org/wiki/Polysaccharide
https://en.wikipedia.org/wiki/Capsule_(microbiology)
https://en.wikipedia.org/wiki/Serovar
https://en.wikipedia.org/wiki/Pyogenic

alpha-hemolytic s. viridans (right) and beta-hemolytic Group A
s. pyogenes (left) streptococci growing on blood agar



https://en.wikipedia.org/wiki/S._viridans
https://en.wikipedia.org/wiki/S._pyogenes

S. PYOGENES

* Streptococcus pyogenes is a species of Gram-

g g“:""”
positive, aerotolerant bacterium .

non-motile and non-sporing cocci.

* It is clinically important for humans. It s o

usually pathogenic, but can be part of the skin

microbiota.



https://en.wikipedia.org/wiki/Species
https://en.wikipedia.org/wiki/Gram-positive_bacteria
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Pathogenic_bacteria
https://en.wikipedia.org/wiki/Skin_microbiota
https://en.wikipedia.org/wiki/Streptococcus_pyogenes

S. pyogenes (Group A streptococcus ) is the
causative agent in a wide range of group A
streptococcal infections (GAS).

These infections may be noninvasive or invasive.
The noninvasive infections tend to be more
common and less severe. The most common of

these infections include streptococcal
pharyngitis (strep throat) and impetigo. Scarlet
fever is also a noninvasive infection, but has not

been as common in recent years.



https://en.wikipedia.org/wiki/Streptococcus_pyogenes
https://en.wikipedia.org/wiki/Group_A_streptococcal_infection
https://en.wikipedia.org/wiki/Infection
https://en.wikipedia.org/wiki/Streptococcal_pharyngitis
https://en.wikipedia.org/wiki/Impetigo
https://en.wikipedia.org/wiki/Scarlet_fever

* The invasive infections caused by S. pyogenes as one of
group A beta-hemolytic streptococci tend to be more

severe and less common.

* This occurs when the bacterium is able to infect areas
where it is not usually found, such as the blood and

the organs.

* The diseases that may be caused include ‘
streptococcal toxic shock syndrome, necrotizing
fasciitis, pneumonia, and bacteremia. Globally, GAS has
been estimated to cause more than 500,000 deaths every
year, making it one of the world's leading pathogens.



https://en.wikipedia.org/wiki/Streptococcus_pyogenes
https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Organ_(anatomy)
https://en.wikipedia.org/wiki/Toxic_shock_syndrome
https://en.wikipedia.org/wiki/Necrotizing_fasciitis
https://en.wikipedia.org/wiki/Pneumonia
https://en.wikipedia.org/wiki/Bacteremia
https://en.wikipedia.org/wiki/Pathogen

* Additional complications may be caused by GAS, namely

acute rheumatic fever and acute glomerulonephritis.



https://en.wikipedia.org/wiki/Rheumatic_fever
https://en.wikipedia.org/wiki/Glomerulonephritis

* S. pyogenes can be cultured on fresh blood

agar plates. Under ideal conditions, it has

an incubation period of | to 3 days.

*S. pyogenes is catalase negative. This is the!
main criterion for differentiation

between Staphylococcus Spp. B Carieseiot

Catalase -ve Catalse tve

and Streptococcus spp. As Staphylococci are

catalase positive whereas streptococci

are catalase-negative.



https://en.wikipedia.org/wiki/Microbiological_culture
https://en.wikipedia.org/wiki/Blood_agar
https://en.wikipedia.org/wiki/Incubation_period
https://en.wikipedia.org/wiki/Staphylococcus
https://en.wikipedia.org/wiki/Catalase

* Of healthy individuals, 1% to 5% have throat, vaginal, or rectal
carriage. In healthy children, such carriage rate varies from 2% to

1 7%.

* There are four methods for the transmission of this bacterium:

inhalation of respiratory droplets, skin contact, contact with objects,
surface, or dust that is contaminated with bacteria or, less commonly,

transmission through food.

* The number of pharyngitis cases is higher in children when compared
with adults due to exposures in schools, nurseries, and as a

consequence of lower host immunity.

* Such cases Streptococcal pharyngitis occurs more frequently from
December to April (later winter to early spring) in seasonal

countries.




Virulence factors

* S. pyogenes has several virulence factors that enable it to

attach to host tissues, evade the immune response, and spread

by penetrating host tissue layers.

I- A carbohydrate-based bacterial capsule composed

of hyaluronic acid surrounds the bacterium, protecting it

from phagocytosis by neutrophils.



https://en.wikipedia.org/wiki/Virulence
https://en.wikipedia.org/wiki/Bacterial_capsule
https://en.wikipedia.org/wiki/Hyaluronic_acid
https://en.wikipedia.org/wiki/Phagocytosis
https://en.wikipedia.org/wiki/Neutrophils

Virulence factors

/Mprotein
S. pyogenes
*2- M protein also inhibits opsonization by the *
Fibrinogen
alternative complement pathway by binding to host Souple ! ,
protein —_ /
\‘ \ \

complement regulators.

* The M protein is also able to prevent opsonization by binding
to fibrinogen.

* However, the M protein is also the weakest point in this
pathogen's defence , as antibodies produced by the immune
system against M protein target the bacteria for engulfment
by phagocytes. M proteins are unique to each strain.



https://en.wikipedia.org/wiki/Opsonization
https://en.wikipedia.org/wiki/Complement_system
https://en.wikipedia.org/wiki/Fibrinogen
https://en.wikipedia.org/wiki/Antibody
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/Phagocytes

Virulence factors

* 3- Streptolysin O it is an exotoxin, one of the
bases of the organism's beta-hemolytic property.
Streptolysin O causes an immune response and
detection of antibodies to it

* 4- Exotoxin A and C: Superantigens secreted by
many strains of S. pyogenes: This pyogenic exotoxin is
responsible for the rash of scarlet fever and many of
the symptoms of streptococcal toxic shock

syndrome.



https://en.wikipedia.org/wiki/Exotoxin
https://en.wikipedia.org/wiki/Superantigen
https://en.wikipedia.org/wiki/Rash

Virulence factors

* 5- Exotoxin B : Cysteine protease and the predominant secreted
proteins. These exotoxins have multiple actions, including degrading
the extracellular matrix, cytokines, complement components, and

immunoglobulins. Also called streptopain

* 6-Streptokinase : Enzymatically activates plasminogen, a proteolytic

enzyme, into plasmin, which in turn digests fibrin and other proteins



https://en.wikipedia.org/wiki/Streptokinase
https://en.wikipedia.org/wiki/Plasminogen
https://en.wikipedia.org/wiki/Plasmin
https://en.wikipedia.org/wiki/Fibrin

Virulence factors

* 6-Hyaluronidase Hyaluronidase is widely assumed to facilitate the
spread of the bacteria through tissues by breaking down hyaluronic

acid, an important component of connective tissue.

* 8-Streptodornase: Most strains of S. pyogenes secrete up to four

different DNases, which are sometimes called streptodornase.



https://en.wikipedia.org/wiki/Hyaluronidase
https://en.wikipedia.org/wiki/Hyaluronic_acid
https://en.wikipedia.org/wiki/Connective_tissue
https://en.wikipedia.org/wiki/DNase

Virulence factors

* 9-Cba peptidase: C5a peptidase cleaves a potent neutrophil chemotaxin

called Cb5a, which is produced by the complement system

* |0-Streptococcal chemokine protease: degrades the chemokine |L-8,

which would otherwise attract neutrophils to the site of infection



https://en.wikipedia.org/wiki/Complement_component_5a
https://en.wikipedia.org/wiki/Peptidase
https://en.wikipedia.org/wiki/Neutrophil
https://en.wikipedia.org/wiki/Complement_component_5a
https://en.wikipedia.org/wiki/Complement_system
https://en.wikipedia.org/wiki/Chemokine
https://en.wikipedia.org/wiki/Interleukin_8
https://en.wikipedia.org/wiki/Neutrophil

Disease caused by S. pyogenes

* S. pyogenes is the cause of many human diseases, ranging from mild
superficial skin infections to life-threatening systemic diseases.

Infections typically begin in the throat or skin.The most striking
sign is a strawberry-like rash.

* Examples of mild S. pyogenes infections include pharyngitis (strep

throat) and localized skin infection (impetigo).

* Erysipelas and cellulitis are characterized by multiplication and

lateral spread of S. pyogenes in deep layers of the skin.



https://en.wikipedia.org/wiki/Pharyngitis
https://en.wikipedia.org/wiki/Impetigo
https://en.wikipedia.org/wiki/Erysipelas
https://en.wikipedia.org/wiki/Cellulitis

Disease caused by S. pyogenes

* S. pyogenes invasion and multiplication in the fascia can lead
to necrotizing fasciitis, a life-threatening condition requiring surgery.

The bacterium is found in neonatal infections.

* Infections due to certain strains of S. pyogenes can be associated
with the release of bacterial toxins. Throat infections associated

with release of certain toxins lead to scarlet fever. Other

toxigenic S. pyogenes infections may lead to streptococcal toxic
shock syndrome, which can be life-threatening



https://en.wikipedia.org/wiki/Fascia
https://en.wikipedia.org/wiki/Necrotizing_fasciitis
https://en.wikipedia.org/wiki/Neonatal_infection
https://en.wikipedia.org/wiki/Toxin
https://en.wikipedia.org/wiki/Scarlet_fever
https://en.wikipedia.org/wiki/Toxic_shock_syndrome

TREATMENT

* This bacterium remains acutely sensitive to penicillin. Failure of

treatment with penicillin is generally attributed to other local

commensal organisms producing B-lactamase. Certain strains

have developed resistance to macrolides, tetracyclines,

and clindamycin.



https://en.wikipedia.org/wiki/Penicillin
https://en.wikipedia.org/wiki/%CE%92-lactamase
https://en.wikipedia.org/wiki/Macrolides
https://en.wikipedia.org/wiki/Tetracyclines
https://en.wikipedia.org/wiki/Clindamycin

Bacillus and Clostridium

Bacillus anthracis is the agent of anthrax—a common disease of livestock and, occasionally,
of humans—and the only obligatepathogen within the genus Bacillus. This disease can be
classified as a zoonosis, causing infected animals to transmit the disease to humans. ' B.
anthracis is a Gram-positive, endospore-forming, rod-shaped bacterium, with a width of 1.0—
l.2pymand a length of 3-5um.It can be grown in an ordinary nutrient
medium under aerobic or anaerobic conditions
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The endospore is a dehydrated cell with thick walls and additional layers that form inside the
cell membrane. It can remain inactive for many years, but if it comes into a favorable
environment, it begins to grow again. It initially develops inside the rod-shaped form. Features
such as the location within the rod, the size and shape of the endospore, and whether or not it
causes the wall of the rod to bulge out are characteristic of particular species of Bacillus.
Depending upon the species, the endospores are round, oval, or occasionally cylindrical. They
are highly refractile and contain dipicolinic acid. Electron micrograph sections show they have
a thin outer endospore coat, a thick spore cortex, and an inner spore membrane surrounding the
endospore contents. The endospores resist heat, drying, and many disinfectants (including 95%
ethanol).’] Because of these attributes, B. anthracis endospores are extraordinarily well-suited
to use (in powdered and aerosol form) as biological weapons. Such weaponization has been
accomplished in the past by at least five state bioweapons programs—those of the United
Kingdom, Japan, the United States, Russia, and Irag—and has been attempted by several
others.

Bacillus anthracis iamnax sactenum)
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B. anthracis are rod-shaped bacteria, approximately 3 to 5 micrometers long and 1 to 1.2
micrometers wide.’l When grown in culture, they tend to form long chains of bacteria.
On agar plates, they form large colonies several millimeters across that are generally white or
cream colored.’) Most B. anthracis strains produce a capsule that gives colonies a slimy
mucus-like appearance

pXO1 plasmid

The pXO1 plasmid (182 kb) contains the genes that encode for the anthrax
toxin components: pag (protective antigen, PA), lef (lethal factor, LF), and cya (edema factor,
EF). These factors are contained within a 44.8-kb pathogenicity island (PAI). The lethal toxin
is a combination of PA with LF and the edema toxin is a combination of PA with EF. The PAI
also contains genes which encode a transcriptional activator AtxA and the repressor PagR,
both of which regulate the expression of the anthrax toxin genes.!”!

pXO02 plasmid

pXO2 encodes a five-gene operon (capBCADE) which synthesizes a poly-y-D-glutamic acid
(polyglutamate) capsule. This capsule allows B. anthracis to evade the host immune system by
protecting itself from phagocytosis. Expression of the capsule operon is activated by the
transcriptional regulators AcpA and AcpB, located in the pXO2 pathogenicity island (35 kb).
AcpA and AcpB expression are under the control of AtxA from pXOl1

Pathogenesis

B. anthracis possesses an antiphagocytic capsule essential for full virulence. The organism also
produces three plasmid-coded exotoxins: edema factor, a calmodulin-dependent adenylate
cyclase that causes elevation of intracellular Cyclic adenosine monophosphate and is
responsible for the severe edema usually seen in B. anthracis infections, lethal toxin which is
responsible for causing tissue necrosis, and protective antigen, so named because of its use in
producing protective anthrax vaccines, which mediates cell entry of edema factor and lethal
toxin.

The symptoms in anthrax depend on the type of infection and can take anywhere from 1 day
to more than 2 months to appear. All types of anthrax have the potential, if untreated, to spread
throughout the body and cause severe illness and even death.[!”]

Four forms of human anthrax disease are recognized based on their portal of entry.

e Cutaneous, the most common form (95%), causes a localized, inflammatory, black,
necrotic lesion (eschar). Most often the sore will appear on the face, neck, arms, or hands.
Development can occur within 1-7 days after exposure.

e Inhalation, a rare but highly fatal form, is characterized by flu-like symptoms, chest
discomfort, diaphoresis, and body aches.['”) Development occurs usually a week after
exposure, but can take up to two months.

e Qastrointestinal, a rare but also fatal (causes death to 25%) type, results from ingestion of
spores. Symptoms include: fever and chills, swelling of neck, painful swallowing,
hoarseness, nausea and vomiting (especially bloody vomiting), diarrhea, flushing and red
eyes, and swelling of abdomen.'”) Symptoms can develop within 1-7 days

e Injection, symptoms are similar to those of cutaneous anthrax, but injection anthrax can
spread throughout the body faster and can be harder to recognize and treat compared to
cutaneous anthrax.!?). Symptoms include, fever, chills, a group of small bumps or blisters
that may itch, appearing where the drug was injected. A painless sore with a black center
that appears after the blisters or bumps. Swelling around the sore. Abscesses deep under



the skin or in the muscle where the drug was injected. This type of entry has never been
found in the US.

Prevention and treatment

A number of anthrax vaccines have been developed for preventive use in livestock and
humans. Anthrax vaccine adsorbed (AVA) may protect against cutaneous and inhalation
anthrax. However, this vaccine is only used for at-risk adults before exposure to anthrax and
has not been approved for use after exposure.[?” Infections with B. anthracis can be treated
with B-lactam antibiotics such as penicillin, and others which are active against Gram-positive
bacteria.l?!l Penicillin-resistant B. anthracis can be treated with fluoroquinolones such
as ciprofloxacin or tetracycline antibiotics such as doxycycline.

Bacillus subtilis, known also as the hay bacillus or grass bacillus, is a Gram-
positive, catalase-positive bacterium, found in soil and the gastrointestinal
tract of ruminants and humans. A member of the genus Bacillus, B. subtilis is rod-shaped, and
can form a tough, protective endospore, allowing it to tolerate extreme environmental
conditions. B. subtilis has historically been classified as an obligate aerobe, though evidence
exists that it is a facultative anaerobe. B. subtilis is considered the best studied Gram-positive
bacterium and amodel organismto study bacterial chromosome replication and cell
differentiation. It is one of the bacterial champions in secreted enzyme production and used on
an industrial scale by biotechnology companies.
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Clostridium perfringens (formerly known as C. welchii, or Bacillus welchii) is a Gram-
positive, rod-shaped, , spore-forming pathogenic bacterium of the
genus Clostridium 2! C. perfringens is ever-present in nature and can be found as a normal
component of decaying vegetation, marine sediment, the intestinal tract of humans and
other vertebrates, insects, and soil. It has the shortest reported generation time of any organism
at 6.3 minutes in thioglycolate medium

Infections due to C. perfringens show evidence of
tissue necrosis, bacteremia, emphysematous cholecystitis, and gas gangrene, also known as
clostridial myonecrosis. The specific name perfringens is derived from the Latin per (meaning
"through") and frango ("burst"), referring to the disruption of tissue that occurs during gas
gangrene.[®l The toxin involved in gas gangrene is a-toxin, which inserts into the plasma
membrane of cells, producing gaps in the membrane that disrupt normal cellular function. C.
perfringens can participate in polymicrobial anaerobic infections. It is commonly encountered
in infectionsas a component of the normal flora. In this case, its role in disease is minor.

Food poisoning

Food poisoning in humans is caused by type A strains able to produce the CPE (for Clostridium
perfringens enterotoxin).l”) The CPE is a polypeptide of 35.5 kDa that accumulates in the
beginning of the sporulation and is excreted to the media when it lysates at the end of the
sporulation. It is coded by the cpe gene, present in less than the 5% of the type A strains, and
it can be located in the chromosome or in an external plasmid

The C. perfringens enterotoxin (CPE) mediating the disease is heat-labile (inactivated at 74 °C
(165 °F)). It can be detected in contaminated food (if not heated properly), and
feces.l?l Incubation time is between 6 and 24 (commonly 10-12) hours after ingestion of
contaminated food.

Since C. perfringens forms spores that can withstand cooking temperatures, if cooked food is
let stand for long enough, germination can ensue and infective bacterial colonies develop.
Symptoms typically include abdominal cramping, diarrhea, vomiting, and fever.['3] The whole
course usually resolves within 24 hours, but can last up to 2 weeks in older or infirm hosts.

C. perfringens poisoning can also lead to another disease known as enteritis necroticans
or clostridial necrotizing enteritis, (also known as pigbel); this is caused by C. perfringens type
C. However, this infection is often fatal. Large numbers of C. perfringens grow in the
intestines, and secrete exotoxin. This exotoxin causes necrosis of the intestines, varying levels



of hemorrhaging, and perforation of the intestine. Inflammation usually occurs in sections of
the jejunum, midsection of the small intestine. This disease eventually leads to septic shock
and death. This particular disease is rare in the United States; typically, it occurs in populations
with a higher risk.

Infection

C. perfringens is the most common bacterial agent for gas gangrene. Some symptoms include
blisters, tachycardia, swelling, and jaundice.['*]

A strain of C. perfringens might be implicated in multiple sclerosis (MS) nascent (Pattern III)
lesions.!'®! Tests in mice found that a toxin made by a rare strain of C. perfiringens caused MS-
like damage in the brain, and earlier work had identified this strain of C. perfringens in a human
with MS.[!7] MS patients were found to be 10 times more immune-reactive to the epsilon toxin
than healthy people.['8]

Treatment|edit]

The most important aspect of treatment is prompt and extensive surgical debridement of the
involved area and excision of all devitalized tissue, in which the organisms are prone to grow.
Administration of antimicrobial drugs, particularly penicillin, is begun at the same time.
Hyperbaric oxygen may be of help in the medical management of clostridial tissue infections.
It is said to “detoxify” patients rapidly.!”]

Diagnosis

C. perfringens can be diagnosed by Nagler's reaction, in which the suspect organism is cultured
on an egg yolk media plate. One side of the plate contains anti-alpha-toxin, while the other side
does not. A streak of suspect organism is placed through both sides. An area of turbidity will
form around the side that does not have the anti-alpha-toxin, indicating
uninhibited lecithinase activity. In addition, laboratories can diagnose the bacteria by
determining the number of bacteria in the feces. Within the 48 hours from when the disease
began, if the individual has more than 106 spores of the bacteria per gram of stool, then the
illness is diagnosed as C. perfringens food poisoning.!'* Other tests/reactions: Catalase:
Negative, Spot indole: Negative 2%, Lecithinase: Positive, Lipase: Negative, Litmus Milk:
Stormy Fermentation, Reverse CAMP plate: Positive, Gas Liquid Chromatography products:
(Acetic, Butyric and Lactic Acids).

Typically, the symptoms of C. perfingens poisoning are used to diagnose it. However,
diagnosis can be made using a stool culture test, in which the feces are tested for toxins
produced by the bacteria.[?!]

Prevention

The growth of C. perfringens spores can be prevented by most importantly cooking food,
especially beef and poultry, thoroughly, to the recommended temperatures. Leftover food
should be refrigerated to a temperature below 40 °F (4 °C) within two hours of preparation.
Large pots of food such as soup or stew with meats should be divided into small quantities and
covered for refrigeration. Leftovers should be reheated to at least 165 °F (74 °C) before
serving. A rule of thumb is that if the food tastes, smells, or looks different from what it is
supposed to, then the food should be avoided. Even if it looks safe, a food that has been out for
a long time can also be dangerous to eat



Clostridium tetani is a common soil bacterium and the causative agent of tetanus. When
growing in soil, C. tetani is rod-shapedand up to 2.5 um long. However, when

forming spores, C. tetani becomes substantially enlarged at one end, resembling a tennis
racket or drumstick. C. tetani spores are extremely hardy and can be found globally in soil or
in the gastrointestinal tract of animals. If inoculated into a wound, C. fefani can grow and
produce a potent toxin, tetanospasmin, which interferes with motor neurons, causing tetanus.
The toxin's action can be prevented with tetanus toxoid vaccines, which are often
administered to children worldwide.
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C. tetani is a rod-shaped, Gram-positive bacterium, typically up to 0.5 pm wide and 2.5 pm
long .l Tt is motile by way of various flagella that surround its body.!X! C. tetani cannot
grow in the presence of oxygen.l It grows best at temperatures ranging from 33 to 37°C.11

Upon exposure to various conditions, C. fetani can shed its flagella and form a spore.l! Each
cell can form a single spore, generally at one end of the cell, giving the cell a distinctive
drumstick shape.ll! C. tetani spores are extremely hardy and are resistant to heat,

various antiseptics, and boiling for several minutes.l2! The spores are long-lived and are
distributed worldwide in soils as well as in the intestines of various livestock and companion
animals

Role in disease



While C. tetani is frequently benign in the soil or in the intestinal tracts of animals, it can
sometimes cause the severe disease tetanus. Disease generally begins with spores entering the
body through a wound.3! In deep wounds, such as those from a puncture or contaminated
needle injection the combination of tissue death and limited exposure to surface air can result
in a very low-oxygen environment, allowing C. tetani spores to germinate and grow.l2l As C.
tetani grows at the wound site, it releases the toxins tetanolysin and tetanospasmin as cells
lyse.lX The function of tetanolysin is unclear, although it may help C. fetani to establish
infection within a wound.Illl Tetanospasmin ("tetanus toxin") is one of the most potent
toxins known, with an estimated lethal dose less than 2.5 nanograms per kilogram of body
weight, and is responsible for the symptoms of tetanus.[SlTetanospasmin spreads via

the lymphatic system and bloodstream throughout the body, where it is taken up into various
parts of the nervous system. This leads to the widespread activation of motor

neurons and spasming of muscles throughout the body.[%! These muscle spasms generally
begin at the top of the body and move down, beginning about 8 days after infection

with lockjaw, followed by spasms of the abdominal muscles and the limbs.318 Muscle
spasms continue for several weeks.

Treatment and prevention

C. tetani is susceptible to a number of antibiotics,

including chloramphenicol, clindamycin, erythromycin, penicillin G,

and tetracycline 3l However, the usefulness of treating C. tefani infections with antibiotics
remains unclear.l!! Instead, tetanus is often treated with tetanus immune globulin to bind up
circulating tetanospasmin.[®! Additionally, benzodiazepines or muscle relaxants may be given
to reduce the effects of the muscle spasms.

Damage from C. fetani infection is generally prevented by administration of a tetanus
vaccine consisting of tetanospasmin inactivated by formaldehyde, called tetanus toxoid



Pseudomonas aeruginosa



* Pseudomonas aeruginosa 1s a common encapsulated, Gram-
negative, strict acrobic (although can grow anaerobically in the presence
of nitrate), Rod-shaped bacterium that can cause disease in plants and
animals, including humans.
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* The organism is considered opportunistic as
serious infection  often  occurs  during
existing diseases

* It generally affects the immunocompromised but
can also infect the immunocompetent. The
symptoms of such infections are
generalized inflammation and sepsis.

* If such colonizations occur in critical body organs,
such as the lungs, the urinary tract, and kidneys,
the results could be fatal.

* Treatment of P. aeruginosa infections can be
difficult due to its natural resistance to
antibiotics.
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* Treatment of P. aeruginosa infections can be difficult due to
its natural resistance to antibiotics.

 However, P. aeruginosa is not extremely virulent in

comparison with other major pathogenic bacterial species —
for example the Gram-positive Staphylococcus

aureus and Streptococcus pyogenes

* P. aeruginosa is capable of extensive colonization, and can
aggregate into enduring biofilms.
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e |t is citrate, catalase, and oxidase positive. It is found in soil,
water, skin flora, and most man-made environments throughout the
world.

* It thrives not only in normal atmospheres, but also in low-
oxygen atmospheres, thus has colonized many natural and artificial
environments.
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Toxins

- P aeruginosa uses the virulence factor exotoxin A to
inactivate eukaryotic elongation factor 2 in the host cell, much as
the diphtheria toxin does. Without elongation factor 2, eukaryotic
cells cannot synthesize proteins and necrotise.

- P. aeruginosa uses an exoenzyme U (ExoU), which degrades the
plasma membrane of eukaryotic cells, leading to lysis.
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Biofilms formation

* Biofilms of P. aeruginosa can cause
chronic opportunistic infections, which are a serious
problem for medical care especially for

immunocompromised patients and the elderly. They
often cannot be treated effectively with
traditional antibiotic therapy.

* Biofilms seem to protect these bacteria from adverse
environmental factors.

* Researchers consider it important to learn more about
the molecular mechanisms that cause the switch from
planktonic growth to a biofilm phenotype.
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Diagnosis

* Depending on the nature of infection, an appropriate
specimen is collected and sent to
a bacteriology laboratory for identification.

* As with most bacteriological specimens, a Gram
stain is performed, which may show Gram-negative
rods and/or white blood cells.

* P. aeruginosa produces colonies with a characteristic
"grape-like" on bacteriological media. In mixed
cultures, it can be isolated as clear colonies
on MacConkey agar, it does not ferment lactose,
which will test positive for oxidase.
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e Confirmatory tests include production of the blue-
green pigment pyocyanin on cetrimide agar .

* A Trible sugar iron slant is often used to distinguish
nonfermenting Pseudomonas species from enteric
pathogens in faecal specimens.

* When P. aeruginosa is isolated from a normally
sterile site (blood, bone, deep collections), it is
generally considered dangerous and almost always
requires treatment.



https://en.wikipedia.org/wiki/Cetrimide_agar

Treatment

* Many P. aeruginosa isolates
are resistant to a large range of
antibiotics and may demonstrate
additional resistance after unsuccessful
treatment.

* It should usually be possible to guide
treatment according to laboratory
sensitivities, rather than choosing an
antibiotic empirically.
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* Due to widespread resistance to many common first-line
antibiotics, carbapenems, polymyxins, and more
recently tigecycline were considered to be the drugs of choice.

* however, resistance to these drugs has also been reported. Despite
this, they are still being used in areas where resistance has not yet
been reported.

e Use of B-lactamase inhibitors such as sulbactam ( beta-lactamase
inhibitors) has been advised in combination with antibiotics to
enhance antimicrobial action even in the presence of a certain level
of resistance.
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P aeruginosa low antibiotic susceptibility is attributable to a
concerted action of multidrug efflux pumps with chromosomally
encoded antibiotic resistance genes

* Efflux pumps are capable of moving a variety of different toxic
compounds out of cells, such as antibiotics,

* Moreover, P. aeruginosa have low permeability of the bacterial
cellular envelopes

* |n addition to this intrinsic resistance, P. aeruginosa easily develops
acquired resistance either by mutation in chromosomally encoded
genes or by the horizontal gene transfer of antibiotic resistance
determinants.

* Hypermutation favours the selection of mutation-driven antibiotic
resistance in P. aeruginosa strains producing chronic infections.
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Prevention

* Probiotic prophylaxis may prevent colonization and delay onset
of Pseudomonas infection in an ICU setting. Immunoprophylaxis
against Pseudomonas is being investigated. The risk of contracting P.
aeruginosa can be reduced by avoiding pools, hot tubs, and other
bodies of standing water, as well as individual hygiene.



Mycobacterium tuberculosis




Mycobacterium tuberculosis is a species of pathogenic

bacteria in the family Mycobacteriaceae and the causative

agent of tuberculosis.

M. tuberculosis has an unusual, waxy coating on its cell
surface primarily due to the presence of mycolic acid

(Mycolic acids are long fatty acids found in the cell walls
of the bacteria)

This coating makes the cells impervious to Gram staining,
and as a result, M. tuberculosis can appear weakly Gram-
positive.

Acid-fast stains such as Ziehl—-Neelsen,
or fluorescent stains such as auramine are used instead to
identify M. tuberculosis with a microscope.

&
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* The physiology of M. tuberculosis is

highly aerobic and requires high levels of
oxygen.

* Primarily a pathogen of the

mammalian respiratory system, it infects
the lungs.

* The most frequently used diagnostic
methods for tuberculosis are
the tuberculin skin test, acid-fast

stain, culture, and polymerase chain
reaction



https://en.wikipedia.org/wiki/Aerobic_organism
https://en.wikipedia.org/wiki/Respiratory_system
https://en.wikipedia.org/wiki/Mantoux_test
https://en.wikipedia.org/wiki/Acid-Fast_Stain
https://en.wikipedia.org/wiki/Microbiological_culture
https://en.wikipedia.org/wiki/Polymerase_chain_reaction

M. tuberculosis divides every 18-24
hours. This is extremely slow compared
with other bacteria, which tend to have
division times measured in minutes
(Escherichia coli can divide roughly
every 20 minutes).

[t iIs a small bacillus that can withstand
weak disinfectants and can survive in a
dry state for weeks.

* |ts unusual cell wall is rich with mycolic

acid, Is likely responsible for its
resistance to desiccation and is a
key virulence factor
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Culture

M. tuberculosis can be grown in the laboratory.
Compared to other commonly studied
bacteria, M. tuberculosis has a remarkably slow
growth rate, doubling roughly once per day.

* Commonly used media include liquids such
as Middlebrook 7H9 or 7H12, egg-based solid
media such as Lowenstein-Jensen, and solid agar-
based such as Middlebrook 7H11 or 7H10.

* Visible colonies require several weeks to grow on
agar plates. It is distinguished from other
mycobacteria by its production
of catalase and niacin. Other tests to confirm its
identity include PCR or gene probes .



https://en.wikipedia.org/wiki/Growth_medium
https://en.wikipedia.org/wiki/Middlebrook_7H9_Broth
https://en.wikipedia.org/wiki/L%C3%B6wenstein%E2%80%93Jensen_medium
https://en.wikipedia.org/wiki/Middlebrook_7H11_Agar
https://en.wikipedia.org/wiki/Middlebrook_7H10_Agar
https://en.wikipedia.org/wiki/Catalase
https://en.wikipedia.org/wiki/Niacin
https://en.wikipedia.org/wiki/Gene_probe

Pathophysiology

* Humans are the only known reservoirs of M. tuberculosis.
* major spread is through air droplets from a person who

has the disease either coughing, sneezing or speaking.

* When in the lungs, M.
tuberculosis is phagocytosed by alveolar macrophages, but
they are unable to kill and digest the bacterium. Its cell
wall inhibits the fusion of the phagosome with
the lysosomes.

* In addition, production of the
diterpene isotuberculosinol prevents maturation of the

phagosome.

 Mutations in genes involved in the specific biosynthetic
pathways resulting in normal development of the
phagosome and reduction of mycobacterial infection.
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 In M.tuberculosis infection, the PPM1A
protein levels were found to be
upregulated , as PPMI1A inhibits the
intrinsic and extrinsic apoptotic pathways.

*As a result of having apoptosis being
suppressed, it provides M. tuberculosis
with a safe replicative niche, and so the
bacteria are able to maintain a latent state
for a prolonged time.




* Granulomas, organized aggregates of immune cells,
are a hallmark feature of tuberculosis infection.

* Granulomas play dual roles during infection: they
regulate the immune response and minimize tissue
damage, but also can aid in the expansion of infection.
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* one of virulence factors is cord factor (is
a glycolipid molecule found in the cell wall
of Mycobacterium tuberculosis), which serves to
increase survival within its host.

* In addition, pre-existing first-line TB drugs such as
rifampicin and streptomycin have decreased
efficiency in clearing intracellular M.
tuberculosis due to not being able to effectively
penetrate the macrophage niche

TUBERCULOSIS
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Symptoms

* Symptoms of M. tuberculosis include coughing that lasts for more
than three weeks, hemoptysis ( cough with blood or bloody mucus),
chest pain when breathing or coughing, weight loss, fatigue, fever,
night sweats, chills, and loss of appetite.

e M. tuberculosis also has the potential of spreading to other parts of
the body.

* This can cause blood in urine if the kidneys are affected, and back
pain if the spine is affected
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Antibiotic resistance

M. tuberculosis is a clonal organism and does not
exchange DNA via horizontal gene transfer

* the emergence and spread of antibiotic resistance
in M. tuberculosis poses an increasing threat to
global public health

 Multidrug-resistant  Tuberculosis (MDR-TB) s
characterised by resistance to at least the two front-
line drugs isoniazid and rifampin

* |soniazid and rifampin resistance are tightly linked,
with 78% of the reported rifampin-resistant TB cases
in 2019 being resistant to isoniazid as well

e Rifampin-resistance is primarily due to resistance-
conferring mutations in the rifampin-resistance
determining region (RRDR) within the rpoB gene
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* MDR in M. tuberculosis becomes increasingly
common, and led to the emergence of
extensively drug resistant (XDR-) TB which
considered as a public health crises.

« XDR-TB is characterised by resistance to both
rifampin and lIsoniazid, as well second-line
fluoroquinolones and at least one additional
front-line drug.




Treatment

* Person with TB disease will probably be treated

with a combination of antibacterial medications for .
a period of six to 12 months.

* The most common treatment for active TB is
isoniazid in combination with three other drugs—
rifampin, pyrazinamide and ethambutol.

e Patient may begin to feel better only a few weeks
after starting to take the drugs but treating TB takes
much longer than other bacterial infections.



 Patient must continue taking his
medication as prescribed for the entire
time his doctor indicates or he could get
sick again, have a harder time fighting the
disease in the future and spread the
disease to others.

* Not completing the entire course of
medication could also contribute to drug-
resistant TB which takes much longer, 20 to
30 months to complete.




Vaccine

*The BCG vaccine (bacille Calmette-
Guerin), which was derived from M.
bovis, while effective against childhood
and severe forms of tuberculosis.

* However It has limited success in
preventing the most common form of |
the disease today
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Immunity

The term immunity refers to the general ability of a host to resist a particular infection or
disease.

Immunology is the science that is concerned with immune responses to foreign
challenge and how these responses are used to resist infection. It includes the distinction
between “self” and “non-self” and all the biological, chemical, and physical aspects of the
immune response. There are two fundamentally different types of immune responses to an

invading microorganism and/or foreign material.
Cells of the Immune System

The cells responsible for both nonspecific and specific immunity are the leukocytes. All
leukocytes originate from stem cells in the fetal liver and in the bone marrow of the animal
host. stem cells have not yet committed to differentiating into one specific cell type. When
they migrate to other body sites, some differentiate into hematopoietic stem cells that are
destined to become blood cells. When stimulated to undergo further development, some
leukocytes become residents within tissues, where they respond to local trauma. These
cells may sound the alarm that signals invasion by foreign organisms. Other leukocytes
circulate in body fluids and are recruited to the sites of infection after the alarm has been
raised. The average adult has approximately 7,400 leukocytes per cubic millimeter of
blood

1 Normal Adult Blood
Count

Cell Type Cells/mm? Percent WBC
Red blood cells 5,000,000
Platelets 250,000
White blood cells 7,400
Neutrophils 4,320
Lymphocytes 2,160
Monocytes 430
Eosinophils 215
Basophils 70
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are now briefly examined.

enhance inflammation.

against pathogenic microorganisms,

This average value shifts substantially during an immune response. In defending the host
leukocytes cooperate with each other first to

recognize the pathogen as an invader and then to destroy it. These different leukocytes

Granulocytes: Granulocytes have irregularly shaped nuclei with two to five lobes. Their
cytoplasm has granules that contain reactive substances that kill microorganisms and

Three types of granulocytes exist: basophils, eosinophils, and neutrophils. Because of the
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irregularly shaped nuclei, neutrophils are also called polymorphonuclear neutrophils, or
PMNs.

Organs of the Immune System

Tonsils and adenoids
Lymph nodes

Lymphatic vessels
Thymus
Lymph nodes

Spleen

Peyer’s patches
Appendix

Lymph nodes

Bone marrow Lymphatic vessels
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microorganism or foreign body is encountered.

1. The nonspecific immune response is also known as nonspecific resistance and innate
or natural immunity; it resists any microorganism or foreign material encountered by the
vertebrate host. It includes general mechanisms inherited as part of the innate structure

mucus, and constitutively produced

antimicrobial mediators like lysozyme), and acts as a first line of defense. The nonspecific
immune response defends against foreign particles equally and lacks immunological

memory that is, nonspecific responses occur to the same extent each time a
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First line of Defense in natural immunity

Physical barriers in nonspecific (innate) resistance

SKin: The intact skin contributes greatly to nonspecific host resistance. It forms a very

effective mechanical barrier to microbial invasion. Its outer layer consists of thick,
closely packed cells called keratinocytes, which produce keratins. Keratins are
scleroproteins (i.e., insoluble proteins) that make up the main components of hair,
nails, and the outer skin cells. These outer skin cells shed continuously, removing any
grime or microorganisms that manage to adhere to their surface. The skin is slightly
acidic (around pH 5 to 6) due to skin oil, secretions from sweat glands, and organic
acids produced by commensal staphylococci. It also contains a high concentration of

sodium chloride and is subject to periodic drying.
Mucous Membranes: The mucous membranes of the eye (conjunctiva) and the

respiratory, digestive, and urogenital systems withstand microbial invasion because the
intact stratified squamous epithelium and mucous secretions form a protective covering
that resists penetration and traps many microorganisms. This mechanism contributes

to nonspecific immunity.
3- Respiratory System
The mammalian respiratory system has formidable defense mechanisms. The average
person inhales at least eight microorganisms a minute, or 10,000 each day. Once inhaled,

a microorganism must first survive and penetrate the air-filtration system of the upper and

lower respiratory tracts.
4- Gastrointestinal Tract

Most microorganisms that reach the stomach are killed by gastric juice (a mixture of
hydrochloric acid, proteolytic enzymes, and mucus). The very acidic gastric juice (pH 2 to
3) is sufficient to destroy most organisms and their toxins, although exceptions exist
(protozoan cysts, Helicobacter pylori, Clostridium and Staphylococcus toxins).

5- The Eye

The conjunctiva is a specialized, mucus-secreting epithelial membrane that lines the
interior surface of each eyelid and the exposed surface of the eyeball. It is kept moist by
the continuous flushing action of tears (lacrimal fluid) from the lacrimal glands. Tears
contain large amounts of lysozyme, lactoferrin, and sIlgA and thus provide chemical as well

as physical protection.
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B- Chemical mediators in nonspecific (innate) resistance

1-Antimicrobial Peptides: A number of proteins that are expressed at epithelial

surfaces, and by polymorphonuclear leukocytes (PMNs), can have a direct antibacterial
effect. These include beta defensins, dermicidins and cathelicidins. Defensins form 30—
50% of neutrophil granules and disrupt the lipid membranes of bacteria. These proteins
can have broad activity to directly kill bacteria, yeasts, fungi, viruses and even cancer

cells.

2 — Bacteriocins: Bacteriocins are a kind of ribosomal synthesized antimicrobial

peptides produced by bacteria, which can kill or inhibit bacterial strains

Second line of Defense in natural immunity

A- Complement system

The complement system consists of several plasma proteins (20 or more plasma proteins
that interact with one another and with cell membranes). Components of complement have
several important roles in defense, including inflammation, phagocytosis, lysis of
susceptible microbes, removal of immune complexes, and activation of B cells. The
complement system can be activated directly by microbes (alternative and lectin
pathways) and through antibodies (IgM and IgG) bound to the microbes (classical
pathway). The first step in activation of the complement system is recognition of
molecules on microbial surfaces but not host cells, and this occurs in three ways, each
referred to as a distinct pathway of complement activation. Many complement proteins are
proteolytic enzymes, and complement activation involves the sequential activation of these

enzymes. The complement cascade may be activated by any of three pathways.

* The classical pathway is most often triggered by antibodies that bind to microbes or other
antigens and is thus a component of the humoral arm of adaptive immunity.

* The lectin pathway (Lectins are carbohydrate-binding proteins that are highly specific for sugar
groups of other molecules) is activated when a carbohydrate-binding plasma protein, man-
nose-binding lectin (MBL), binds to terminal mannose residues on the surface
glycoproteins of microbes. This lectin activates proteins of the classical pathway, but
because it is initiated by a microbial product in the absence of antibody, it is a component

of innate immunity.
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B- Cytokines

Cytokines include chemokines, interferons, interleukins, lymphokines, and tumour necrosis
factors, but generally not hormones or growth factors (despite some overlap in the
terminology). Cytokines are produced by a broad range of cells, including immune cells
like macrophages, B lymphocytes, T lymphocytes and mast cells, as well as endothelial
cells, fibroblasts, and various stromal cells; a given cytokine may be produced by more

than one type of cell.

Cytokines are cell-to-cell messengers that contribute to immune responses and incite
movement to sites of trauma, inflammation, and infection. Defense against viruses,
microorganisms and their products, parasites, and cancer cells are mediated by both

nonspecific immunity and specific immunity. The term cytokine is a generic term for any
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soluble protein or glycoprotein released by one cell population that acts as an intercellular

(between cells) mediator or signaling molecule.

Cytokines include Interleukins, Lymphokines, Monokines, Interferons (IFN), colony
stimulating factors (CSF), Chemokines and a variety of other proteins. Type-1 cytokines
are cytokines produced by Thl T-helper cells while Type-2 cytokines are those produced
by Th2 T-helper cells. Type-1 cytokines include IL-2 (IL2), IFN-gamma (IFN-G), IL-12
(IL12) & TNF-beta (TNF-b), while Type 2 cytokines include IL-4 (IL4), IL-5 (IL5), IL-6 (IL6),
IL-10(IL10), and IL-13 (IL13). When released from mononuclear phagocytes, these
proteins are called Monokines; when released from T lymphocytes they are called
Lymphokines; when produced by a leukocyte and the action is on another leukocyte, they
are Interleukins; and if their effect is to stimulate the growth and differentiation of
immature leukocytes in the bone marrow, they are called colony-stimulating factors
(CSFs).

C- Phagocytosis

D- Inflammation.

2. The specific immune responses, also known as acquired, adaptive, or specific
immunity, resist a particular foreign agent, which occurs after exposure to an
antigen (eg, an infectious agent) is specific and is mediated by either antibody or

lymphoid cells. It can be passive or active.

Third line of Defense

e Passive Immunity

Passive immunity occurs naturally during pregnancy; the mother’s IgG antibodies cross
the placenta and protect the fetus. These antibodies remain active in the newborn
infant during the first few months of life, when the neonate’s own immune responses
are still developing. Consequently, a number of infectious diseases normally do not
occur until a baby is three to six months of age, by which time the maternal antibodies
have been degraded. Passive immunity also occurs as a result of breast feeding; the
IgA in breast milk protects the alimentary tract of the child. Passive immunity provides
no memory; once the transferred antibodies are degraded, the protection is lost.

Artificial passive immunity involves transferring antibodies




Dr. Waleed K. Mohammed Medical Biology (Lec 15) College of Dentistry (Anbar)

produced by other people or animals. This type of immunity can be used to prevent
disease before or after likely exposure to an infectious agent, to limit the duration of
certain diseases, and to block the action of microbial toxins. An antibody preparation

that protects against a given toxin is called an antitoxin.

Active Immunity

Active immunity is the result of an immune response in an individual upon exposure to
antigen. Specific B and T lymphocytes are activated and then proliferate, providing the
individual with the lasting protection associated with immunological memory. Active
immunity can develop either naturally from an actual infection or artificially from

administration of a vaccine.

Active Passive

Natural exposure Transfer of antibodies or
to antigen induces cells produced by others;
an immune response; temporary immunity from
immunity following antibodies of the mother
an attack of measles. transferred to infant across
the placenta or in milk.

Deliberate exposure Antibodies in

to antigen induces immune serum are
an immune response; introduced into body;
immunization of injection of rabies
children. immune globulin after
a dog bite.

Artificial

ANTIGENS
The immune system distinguishes between “self” and “nonself’” through an elaborate

recognition process. Self and nonself substances that elicit an immune response and react
with the products of that response are often called antigens. Antigens include molecules
such as proteins, nucleoproteins, polysaccharides, and some glycolipids. While the term
‘immunogen” (immunity generator) is a more precise descriptor for a substance that elicits
a specific immune response, “antigen” is used more frequently. Most antigens are large,

complex molecules with a molecular weight generally greater than 10,000 Daltons (Da).
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The ability of a molecule to function as an antigen depends on its size, structural
complexity, chemical nature, and degree of foreignness to the host. Each antigen can

have several antigenic determinant sites, or epitopes.

/D Epitopes D'i:;\\—/\\5
C ao TR

&

0000000000000 000

a- Complex molecules with several epitopes make good immunogens.

b- Poor immunogens include small molecules not attached to a carrier molecule
(1), simple molecules (2), and (3) large
but repetitive molecules.

Epitopes are the regions or sites in the antigen that bind to a specific antibody or T-cell
receptor through an antigen-binding site.

Haptens
Many small organic molecules are not antigenic by themselves but become antigenic if

they bond to a larger carrier molecule such as a protein. These small antigens are called
haptens . When lymphocytes are stimulated by the combined hapten-carrier molecule,
they can react to either the hapten or the larger carrier molecule. This occurs because the
hapten functions as one epitope of the carrier. When the carrier is processed and
presented to T cells, responses to both the hapten and the carrier protein can be elicited.

As a result, both hapten specific and carrier-specific antibodies can be made. One

example of a hapten is penicillin. By itself penicillin is a small molecule and is not
antigenic. However, when it is combined with certain serum proteins of sensitive
individuals, the resulting molecule becomes immunogenic, activates lymphocytes, and
initiates a severe and sometimes fatal allergic immune reaction. In these instances, the
hapten is acting as an antigenic determinant on the carrier molecule.

ANTIBODIES
Antibodies are glycoprotein molecules also called immunoglobulins. Each antibody

has at least two sites that bind to antigenic determinants. These sites are known as
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antigen binding sites.The number of antigen binding sites on an antibody determines the
valance of that antibody. Most human antibodies have two binding sites, therefore, they

are bivalent.
BASIC ANTIBODY STRUCTURE

1- Consists of four looping polypeptide chains linked together with disulfide bonds. Two
identical heavy (H) chains and two identical light (L) chains.

2. The four chains bound together using disulfide bonds to form an antibody monomer
which is “Y” shaped.

Antigen-binding
site

Hinge region
Complement
binding site

—— Stem region
Macrophage
binding site

(a) Antibody molecule

Key:
Disulfide bond

[CHO| = Carbohydrate
side chain

3. Each chain has a variable (V) region at one end and a constant (C) region at the other end.

4. Both the H and L chains have sections located at the ends of the Y’s arms, called (V)

regions.

5. Variable regions of the heavy and light chains combine to form the antigen-binding site.
6. The stem of the antibody monomer and lower parts of the Y’s arms are called constant
(C) regions.

7.There are 5 major sequences found for C regions of H chains, and there are 2 different
sequences for L chains.

8.Each H chain sequence determines a different class of immunoglobulin.

9.The stem of the Y shaped antibody monomer is called the Fc
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These names were assigned following early studies that showed that enzymatic
digestion of antibodies yielded two types of fragments— fragments that were antigen-
binding (Fab) and fragments that could be crystallized (Fc).

There are five major classes of human immunoglobulin (Ig) molecules IgM, 1gG, IgA, IgD,
and IgE. Each class shares the same basic monomeric structure but is distinguished by a
characteristic amino acid sequence in the constant portion of the heavy chain. Since this is
the part of the molecule that interacts with other “players” of the immune system, the
various classes differ in their functional properties. The specialized attributes of each class
will be described later, after we consider some of the general characteristics of antibodies.

I9G
1. This monomer is the most abundant and diverse accounts for about 80-85% of all
antibodies.

. These monomers can cross the placenta and confers passive immunity, as well as,

blood vessels.

3. Monomers activate complement and increase phagocytosis.

4. These monomers convey long term immunity

5. 1gG protect against circulating bacteria and viruses, and bacterial toxins.
IgM
1. This monomer comprises about 5-10% of the antibodies in serum.
. IgM are the first ones to appear in response to the initial exposure to an antigen.

. IgM have a pentamer structure.
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4. They large size prevent IgM from moving about as freely as 1gG, therefore, they remain

in the blood vessels.
5. They fix complement.

IgA
This monomer accounts for about 15% of the antibodies in serum.

IgA can be monomers or dimers.
IgA monomers are found in salvia, sweat, breast milk, and secretions of the G.I.
tract.
They do not fix complement
The main function of IgA is to prevent the attachment of pathogens to mucosal
surfaces.
Igh
IgD atibodies comprise only about 0.2% of the total serum antibodies.
IgD antibodies are found in blood and lymph and on the surfaces of B cells.
They do not fix complement.
They help to initiate the immune response.
IgE
IgE antibodies comprise about 0.002% of the total number of antibodies.
IgE molecules bind tightly by their Fc ends to receptors on mast cells and
basophils. This causes the release of histamine.
They do not fix complement.

TABLE 15.2

Characteristics of the Imnmunoglobulin (Ig) Classes

oG IgA (dimer only) IgD IgE

J

Secretory
component

Monomer Dimer, Monomer Pentamer Monomer Monomer

Number of Antigen 2 4 2 10 2 2
Binding Sites

Molecular Weight 150,000 170.000-385,000 900,000 180,000 200,000

Percent of Total 80% i; t v 0.002%
Antibody in Serum

Average Life in 23
Serum (Days)

Crosses Placenta? Yes
Fixes Complement?  Yes

Fe Binds To Phagocytes Phagocytes B lymphocytes B lymphocytes Mast cells and
basophils

Biological Function  Long-term immunity;  Secretory antibody: on  Produced at first response  Receptor on B cells  Antibody of allergy:
memory antibodies mucous membranes 10 antigen: can serve as worm infections
B-cell receptor
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The Complement System

The complement system consists of approximately 20 proteins that are present in
normal human (and other animal) serum. The term "complement"” refers to the ability of
these proteins to complement, i.e., augment, the effects of other components of the
immune system, e.g., antibody. Complement is an important component of our innate
host defenses Several complement components are proenzymes, which must be
cleaved to form active enzymes. Activation of the complement system can be initiated
either by antigen—antibody complexes or by a variety of nonimmunologic molecules,
e.g.,endotoxin Sequential activation of complement components occurs via one of three

pathways: the classic pathway, the lectin pathway, and the alternative pathway.

Of these pathways, the lectin and the alternative pathways are more important the first
time we are infected by a microorganism because the antibody required to trigger the

classic pathway is not present.

There are three main effects of complement:

(1) Lysis of cells such as Dbacteria, allografts, and tumor cells.

(2) Generation of mediators that participate in inflammation and attract neutrophils.
(3) Opsonization, i.e., enhancement of phagocytosis.

Complement proteins are synthesized mainly by the liver.

B Remember 3 Key Words
— ACTIVATION
— AMPLIFICATION

- ATTACK
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Pathways of complement activation

1- Classic pathway
— Activated by antibody
2- Alternative pathway
— Activated by some bacterial cell surfaces
— Antibody not involved
3- Lectin pathway
— Activated by mannose binding lectin

— Antibody not involved

CLASSICAL ALTERNATIVE
AT LECTIN PATHWAY et

Antibody binds to specific Mannose-binding Pathogen surface creates
antigen on lectin binds local environment conducive
pathogen surface to pathogen surface to complement activation

Il [ | [ |
COMPLEMENT ACTIVATION

J 1 IJ
C3b covaleﬁ'tly bound to

surface components
of pathogen

] |
10 1]l

pa

Opsonization of pathogens,
facilitating uptake and
killing by phagocytes

Perforation of
pathogen cell membrane

Recruitment of
inflammatory cells

U | | IJ

Figure 7-29 The Immune System, 2/e (© Garland Science 2005)
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1- Classic pathway of complement activation
A. The proteins in this pathway are named C1-C9 .
B. C1is complex of 3 proteins
a. Clqis binding protein

b. Clr and Cls are proteases

c. C1s binds to Fc region of antibody part of Ab/Ag complex

Figure 7-31 The Immune System, 2/e (© Garland Science 2005)
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C1q binds to Fc region of antibody which activates C1r which activates

C1s, Most efficient at activation complement IgM, 1gG1 and IgG3.

Antigen-binding Fragment

Proteolytic cleavage by papain /

ab Fab

Crystallizable Fragment

Begins with antibody binding to a cell surface and ends with the lysis of the cell
The proteins in this pathway are named C1-C9.
When complement is activated it is split into two parts

— a-smaller of the two parts

— B - larger part and usually the active part (except with factor 2)

ACTIVATION

— C1q portion of C1 attaches to the Fc portion of an antibody
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Only IgG and IgM can activate complement

Once activated C1s is eventually cleaved which activates C4 and C2

C4b & C2a come together to form the C4b2a which is the C3 convertase
C3 convertase activates C3 to C3a and C3b

C3a binds to receptors on basophils and mast cells triggering them to
release there vasoactive compounds (enhances vasodilation and vaso-
permeability)

C3ais called an anaphylatoxin
— C3b serves as an opsonin which facilitates immune complex clearance .
B AMPLIFICATION
-Each C1s creates many C4b and C2b fragments

-Each C4bC2a creates many C3b (activated C3)

-Each C3b goes on to create many Membrane Attack Complexes.

B ATTACK
Most C3b serves an opsonin function
Some C3b binds to C4bC2a to form the C5 convertase C4bC2aC3b

C5 convertase cleaves C5 leading to the formation of the Membrane
attack Complex (C5-C6-C7-C8-C9)

The MAC “punches holes” in cell walls resulting in lysis

C3abinds toreceptors on
basophils and mast cells
triggering them torelease

al there vasoactive compounds
(enhances vasodilation and
vasopermeability) -
ANAPHYLATOXIN
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B Factor D* and
B Properdin
¢ First step: binding of C3b to foreign cell or surface

% ACTIVATION
B Spontaneous conversion from C3 to C3b occurs in body

B Normally, C3b is very short lived and quickly inactivated by proteins on the
surface of the body’s own cell walls

However, bacteria or other foreign material may lack these surface
proteins allowing C3b to bind and stay active

AMPLIFICATION

Factor B binds to C3b

Factor B is then cleaved by factor D into Ba and Bb

C3bBb remains which acts as a C3 convertase (C3 = C3a and C3b)
C3bBbC3b is formed which acts as a C5 convertase

ATTACK

B C5is cleaved to C5a and C5b

B C5b then starts the assembly of the Membrane Attack Complex

Alternative
Pathway
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Classic Lectin Alternative

Microbial surfaces
{nonspecific activators

Antigen-antibody Microbial
complexes surfaces

eg, endotoxin}
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10ch Edition: http:/fwww.accessmeadicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.
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General structure and classification of viruses

General properties of viruses:

1. Viruses are smaller than bacteria, they range in size between 20-300 nanometer (
nm ) (Table 2-1).

2. Viruses contain only one type of nucleic acid, either DNA or RNA, but never
both.

3. Viruses consist of nucleic acid surrounded by a protein coat. Some viruses have
additional lipoprotein envelope.

4. Viruses lack cellular organelles, such as mitochondria and ribosomes.
5. Viruses are obligate cellular parasites. They replicate only inside living cells.

6. Viruses replicate through replication of their nucleic acid and synthesis of the
viral protein.

7. Viruses do not multiply in chemically defined media.

8. Viruses do not undergo binary fission.

Virus is a broad general term for any aspect of the infectious agent and includes:
» the infectious or inactivated virus particle

» viral nucleic acid and protein in the infected cell

Virion is the physical particle in the extra-cellular phase which is able to spread to new
host cells; complete intact virus particle is able to spread to new host cells; complete
intact virus particle.

Table ( 2-1) : Comparison between viruses and bacteria

Comparison between viruses and bacteria

No. | Property Viruses Bacteria
1 |Size 20-300 nm 1000 nm
Genome DNA or RNA but | DNA and RNA
(type of nucleic acid) not both
3 | Cell wall Envelope present | Cell wall
in some viruses
4 | Ribosomes No ribosomes Ribosomes
5 | Multiplication by binary fission | _ +
6 | Sensitivity to antibiotics _ +
7 | Growth in culture media Grow only in Grow in culture
living host cell media
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The structure of viruses:

1. Viral nucleic acid:

The viral nucleic acid is located internally and can be either single- or double-
stranded RNA or DNA. The nucleic acid can be either linear or circular. The DNA is
always a single molecule; the RNA either can exist as a single molecule or in
several pieces (segmented).

» Some RNA viruses are positive polarity and others are negative polarity.

* Positive polarity is defined as an RNA with same base sequence as the mRNA.
(Positive strand RNA)

* Negative polarity has a base sequence that is complementary to the mRNA.
(Negative strand RNA) (Figure 2-1)

2. Capsid:

The protein shell, or coat, that encloses the nucleic acid genome and
mediates the attachment of the virus to specific receptors on the host
cell surface.

3. Capsomeres:

Morphologic units seen in electron microscope. Each capsomere,

consisting of one or several proteins.

Naked viruses are composed of nucleic acid + capsid (nhucleocapsid)

nucleic acud

— capsid

capsomere

Figure 2-1 Naked viruz composition
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4. Viral envelope:

The envelope is a lipoprotein membrane composed of lipid derived from the host cell
membrane and protein that is virus- specific. Furthermore, there are frequently
glycoproteins in form of spike-like projections on the surface, which attach to host
cell receptors. Matrix protein mediates the interaction between the capsid proteins
and envelope. The presence of an envelope confers instability on the virus
Enveloped viruses NA + capsid + envelope

The whole virus particle is called virion. (Figure 2-2)

[ Envelope
v \_‘{Ql

;-,«— Spike

Capsid
Capsid

-Nucleic

;T'-»~} g n acid

(a) Naked virus (b) Enveloped virus

Figure 2-2 illustrate the difference between enveloped viruz and naked virus

Reaction to physical and chemical agents:

1. Heat and cold: Viral infectivity is generally destroyed by heating at 50-60 C° for
30 mint. Viruses can be preserved at -90 CO or -196 CP° (liquid nitrogens).

2. PH: Viruses can be preserved at physiological PH (7.3).

3. Ether susceptibility: Ether susceptibility can be used to distinguish viruses that
possess an envelope from those that do not.

4. Detergents: Nonionic detergents solubilize lipid constituents of viral membranes.
The viral proteins in the envelope are released Anionic detergents also solubilize

viral envelopes; in addition, they disrupt capsids into separated polypeptides.
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Viral Replication:

Steps in Viral Replication:

A. Attachment:

This is the first step in viral replication. Surface proteins of the virus interact with
specific receptors on the target cell surface.

B. Penetration:

Enveloped with the viruses (e.g., HIV, influenza virus) penetrate cells through fusion
of the viral envelope host cell membrane. Non-enveloped viruses penetrate cells by
translocation of the virion across the host cell membrane or receptor mediated

endocytosis.

C. Un-coating:

This process makes the nucleic acid available for transcription to permit
multiplication of the virus.

D. Transcription and Translation:

The fact that viruses must use host cellular machinery to replicate and make
functional and structural proteins. Assembly and Release. The process of virion
assembly involves bringing together newly formed viral nucleic acid and the

structural proteins to form the nucleo-capsid of the virus

E. Virus Shedding:

This is a necessary step to maintain a viral infection in populations of hosts.
Shedding usually occurs from the body surfaces involved in viral entry. Shedding

occurs at different stages of disease depending on the particular agent involved.
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Routs of infection
* Inhalation; e.g influenza viruses
* Ingestion: polioviruses
* Parenteral: AIDs
* Trans placental, cytomegalovirus, rubella.

Viral Spread and Cell Tropism
Many viruses produce disease at sites distant from their point of entry. Spread within
the host . Mechanisms of viral spread vary, but the most common route is via the

bloodstream or lymphatics. The presence of virus in the blood is called viremia.

Mechanisms of viral injury

1. Inhibits host cell DNA, RNA or protein synthesis e.g. Poliovirus.

2. Direct cell killing by damaging host cell membrane e.g. Rhinoviruses.

3. Induce Immune reaction e.g hypersensitivity reaction in respiratory syncytial
viruses.

4. Damage host defiance mechanism e.g. respiratory epithelium predisposes to the
pneumonia

5. Induce cell proliferation & transformation result in neoplasia e.g. HBV, EBV.
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A successful anti-viral drug should:

The life cycle of a virus comprises several stages such as binding to the cell surface,
replication, protein synthesis etc. and all of these stages may be the target of anti-
viral drugs. Antiviral drugs specifically inhibit one or more steps of virus replication
without causing unacceptable side effects. Because of the close interaction
between virus replication and normal cellular metabolism, it was originally thought
too difficult to interrupt the virus replicative cycle without adversely affecting the host

cell metabolism.
The mechanism of action vary among antiviral:

1. Nucleoside and nucleotide Analogs:

The majority of available antiviral agents are nucleoside analogs. They inhibit
nucleic acid by inhibition of polymerases essential for nucleic acid replication. In
addition, some analogs can be incorporated into the nucleic acid and block further
synthesis or alter its function. Example for nucleoside analogs include acyclovir ,
lamivudine ,ribavirin and zidovudine : AZT Acyclovir (Zovirax) represents a major

breakthrough in the treatment of herpes virus infections.

2. Reverse transcriptase inhibitor:

It acts by binding directly to reverse transcriptase and disrupting the enzyme’s
catalytic site, for example Nevirapine.

3. Protease inhibitor:

Saquinavir was the first protease inhibitor to be approved for treatment of HIV
infection, which inhibit viral protease that is required for the last stage of replicative

cycle. Inhibition of the protease yields noninfectious virus particles.

Vaccine:

A vaccine is a biological preparation that provides active acquired immunity to a
particular disease. A vaccine typically contains an agent that resembles a disease-
causing microorganism and is often made from weakened or killed forms of the

microbe,
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Type of viral vaccine:

There are four categories of vaccines in clinical trials: WHOLE VIRUS, PROTEIN
SUBUNIT, VIRAL VECTOR and NUCLEIC ACID (RNA AND DNA).

1. Attenuated live viral vaccines

These attenuated viruses can infect and replicate in the recipient and produce a
protective immune response without causing disease. Live attenuated viral vaccines

can often confer lifelong immunity after one immunization series (.

Live-attenuated vaccines

Measles, mumps, rubella (MMR combined vaccine)
Rotavirus.

Smallpox.

Chickenpox.

Yellow fever

2. Killed (inactivated) viral vaccines

Killed viral vaccines contain either whole virus particles, inactivated by chemical or
physical means, or some component(s) of the virus. They do not generally produce
lifelong immunity following one immunization series (e.g.: Rabies vaccine, Injectable

poliomyelitis vaccine (IPV)
3. Recombinant-produced antigens

Application of a recombinant DNA strategy to develop new vaccines (Subunit
vaccines use pieces of the pathogen - often fragments of protein). This approach
has made possible a safe and effective recombinant vaccine against hepatitis B
virus, which has replaced the vaccine derived from the plasma of hepatitis B virus-
infected individuals.

4. Nucleic acid

Nucleic acid vaccines use genetic material — either RNA or DNA — to provide cells
with the instructions to make the antigen. In the case of COVID-19, this is usually
the viral spike protein. Once this genetic material gets into human cells, it uses our

cells' protein factories to make the antigen that will trigger an immune response.
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Type of Vaccines

Vaccine platforms designed to protect against viral diseases
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' '

!

|

!

}

WHOLE VACCINES

!

}

Virus-like Non-replicati Replicatin
Protein subunit DNA-based RNA-based P ~ P s Inactivated Live-attenuated
particles viral vector viral vector
Protein from the Proteins that mimic Genetic material from the Another virus that Another virus that Killed pathogen Weakened form
pathogen only the pathogen itself pathogen only cannot copy itself can copy itself that cannot of the pathogen
carries the carries the replicate itself

23

pathogen's genes

pathogen’s genes




Dr Waleed K. Mohammed PhD. Molecular Biology
University of Anbar/ Dentistry/ Third Year /19/06/2021

Reference

1- Oral Microbiology. 5" edition. Philip D Marsh & Micheal V Martin.
2- Fields Virology, 6th Edition Edited by David M. Knipe and Peter M. Howley.
Philadelphia, PA, USA. Lippincott Williams & Wilkins, 2013. 2456 pp



Dr. Waleed K. Mohammed PhD. Molecular Biology University

of Anbar/ Dentistry/ Third Year /26/06/2021

Herpesviruses OR Herpesviridae

Classification

Herpesviruses are divided into three groups: The a herpesviruses, herpes simplex
virus types 1 and 2, and varicella-zoster virus, have a short replicative cycle and
have a broad host range; P herpesviruses, cytomegalovirus, and human
herpesviruses 6 and 7, with a long replicative cycle and restricted host range; and y
herpesviruses, Epstein-Barr virus and human herpesvirus 8, with a very restricted

host range.
A. Alphaherpesviruses - HSV-1, HSV-2, VZV
B. Betaherpesviruses - CMV, HHV-6, HHV-7

C. Gammaherpesviruses - EBV, HHV-8

Nine herpesvirus types are known to primarily infect humans, at least five of which
— herpes simplex viruses 1 and 2 (HSV-1 and HSV-2, also known as HHV-1 and
HHV-2; both of which can cause orolabial herpes and genital herpes), varicella
zoster virus (or HHV-3; the cause of chickenpox and shingles), Epstein—Barr
virus (EBV or HHV-4, implicated in several diseases,
including mononucleosis and some cancers), and human cytomegalovirus (HCMV

or HHV-5) — are extremely widespread among humans.

More than 90% of adults have been infected with at least one of these, and a latent
form of the virus remains in almost all humans who have been infected. The less-
common human herpesviruses are human herpesvirus 6A and 6B (HHV-6A and
HHV-6B), human herpesvirus 7 (HHV-7), and Kaposi's sarcoma-associated
herpesvirus (KSHV, also known as HHV-8)

i: |
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General Biology of Human Herpesviruses

Of the more than 100 known herpesviruses, 9 routinely infect only humans:

Herpes simplex virus types 1 and 2 (HSV-1 and HSV-2 both of which can

cause orolabial herpes and genital herpes.

Varicella-zoster virus (cause of chickenpox and shingles OR belt of fire).
Symptoms of shingles

The main symptom of shingles is pain, followed by a rash that develops into
itchy blisters, similar in appearance to chickenpox. New blisters may appear for up
to a week, but a few days after appearing they become yellowish in color, flatten
and dry out. Shingles is most common in people over the age of 50 years.
However, the virus may reappear in people of all ages who have previously had

chickenpox.
Causes of shingles

Most people have chickenpox in childhood, but after the illness has gone, the
varicella-zoster virus remains dormant (inactive) in the nervous system. The
immune system keeps the virus in check, but later in life it can be reactivated and
cause shingles. It's possible to have shingles more than once, but it's very rare to
get it more than twice. It's not known exactly why the shingles virus is reactivated

at a later stage in life, but most cases are thought to be caused by having lowered

i: |



https://www.nhsinform.scot/illnesses-and-conditions/injuries/skin-injuries/blisters/
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/chickenpox/
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/chickenpox/

Dr. Waleed K. Mohammed PhD. Molecular Biology University

of Anbar/ Dentistry/ Third Year /26/06/2021

immunity (protection against infections and diseases). Shingles typically resolve
within 2 to 4 weeks, and most young, healthy individuals make a full recovery.
Approximately 1-4 percent of people who develop shingles require hospitalization

for complications.

Cytomegalovirus: causes three clinical syndromes. (1) Congenital
cytomegalovirus infection (when symptomatic) causes hepatosplenomegaly,

retinitis, rash, and central nervous system involvement.

Human cytomegalovirus (HCMV) is a ubiquitous virus infection with worldwide
distribution. The virus is the most significant infectious cause of congenital
disease, an important opportunist in the immunocompromised host and an
occasional cause of febrile illness as well as infectious mononucleosis in the
general population. CMV is transmissible to the fetus via the placenta, and is an

important cause of neonatal morbidity and mortality.

HCMV infection in humans initiates when exposure to virus infected body fluids
overcomes innate immune barriers and sustains replication and dissemination.
These events occur most frequently at mucosa sites. A systemic infection takes

place where virus can be detected in a peripheral blood mononuclear cell (PBMC
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leukocytes T cells, B cells, NK cells) and monocytes) that are responsible for
dissemination to salivary glands and kidneys.

TSR e gy I T AT T
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The following signs and symptoms are more common in babies who have
congenital CMV and who are sick at birth:
Premature birth
Low birth weight
Yellow skin and eyes (jaundice)
Enlarged and poorly functioning liver
Purple skin splotches or a rash or both
Abnormally small head (microcephaly)
Enlarged spleen
Pneumonia

Abnormally small head (microcephaly)
4
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Epstein-Barr virus: causes classic mononucleosis

The Epstein-Barr virus (or EBV) have been consistently found to be associated
with some types of B-cell lymphomas. B lymphocytes and epithelial cells are the
major sites for EBV infection in the human host. EBV binding to B cells is
mediated by CD2 1, also known as complement receptor 2 (CR2). Over 900/0 of
adults are infected with EBV Infection is most common between the ages of 2 and

4 years and at around age 1 5 years.

In contrast to B-cell entry, EBV entry into epithelial cells occurs at the cell surface
in the absence of endocytosis. In addition to CD2 | , which is expressed on tonsilar
epithelial cells, suggesting the gp3 50/220 interaction with CD2 1 may be
important for epithelial cell infection,688 BMRF2 may also have a role in

epithelial entry.
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EBV-related human tumors and tumor-like lesions
[l Epithelial lesions ﬂ | Non—epithelial lesions
Nasopharyngeal carcinoma : Burkitt’ s lymphoma
. ;I"hyr'oidl gl:nd cancer « , Hodgkin' s lymphoma
alivary gland cancer «_ / _ 0%
Gastric carcinoma \\\ = Non H'od'gkm s Iymph.oma
e - _, Angio-immunoblastic
Breast cancer <« = T R i
Lung cancer < — B T—cell lymphoma
Co'on cancer < —_—-_t:_-.--—-_—__ < x¢ 4\ "‘-«-____» - T/NK ce” |Vmph°ma
Reanal cancer «— __—_— \\,\:"‘"—‘ Nasal T/NKcell lymphoma
B_ladder c.ancer“"__e_,// :. n \‘> Leiomyosarcoma
Uterine cervix cancer ’: g Pyuthorsc-assosiated lymohora
[ oralcavity ) Lymeboproiiferative
' - X-linked
: - AIDS-related
Squamous cell carcinoma - Poat-transplarik
- . : * Drug—related
Lymphoproliferative disorders  Age-related
* Drug-related
« Age-related
Other Human Herpes Viruses
e Human herpesvirus 6 and 7
Properties of HHV-6 and 7
* Belong to the beta-herpes virus subfamily of herpes viruses
 Double stranded DNA genome of 170 kbp
 The main target cell is the T-lymphocyte, although B-lymphocytes may also be
infected.
* HHV-6 and HHV-7 share limited nucleotide homology and antigenic cross-
reactivity.
* It is thought that HHV-6 and HHV-7 are related to each other in a similar manner
to HSV-1 and HSV-2.
6
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Clinical Manifestations

* Primary HHV-6 infection is associated with Roseola infantum , which is a
classical disease of childhood. The virus can enter the body through the nose and
mouth. It is spread when a child breathes in droplets that contain the virus after an

infected person coughs, sneezes, talks, or laughs.
» Most cases occur in infants between the ages of 4 months and two years.

« A spiking fever develops over a period of 2 days followed by a mild rash. The

fever is high enough to cause febrile convulsions.

* There are reports that the disease may be complicated by encephalitis.

Human Herpes Virus 8

* Belong to the gammaherpesviruses subfamily of herpesviruses

* Originally isolated from cells of Kaposi’s sarcoma (KS). Kaposi's sarcoma is a
type of cancer that forms in the lining of blood and lymph vessels. The tumors
(lesions) of Kaposi's sarcoma typically appear as painless purplish spots on the
legs, feet or face. Lesions can also appear in the genital area, mouth or lymph

nodes.

* HHV-8 DNA is found in almost 100% of cases of Kaposi’s sarcoma

» Most patients with KS have antibodies against HHV-8 .

» Unlike other herpes viruses, HHV-8 does not have a ubiquitous distribution.
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Paramyxovirus virus

One of a group of RNA viruses that are predominantly responsible for acute
respiratory diseases and are wusually transmitted by airborne droplets.
The paramyxoviruses include the agents of mumps, measles (Rubeola virus),

Rubella, RSV (respiratory syncytial virus), and parainfluenza.
1- Mumps

Mumps is caused by the mumps virus (MuV). Humans are the only natural host of
the mumps virus. MuV's genome is made of RNA and contains seven genes that

encode nine proteins.

Clinical aspects: The onset is marked by malaise and fever followed within 24
hours by a painful enlargement of one or both parotid glands; the other salivary
glands are less often affected. In most cases, the swelling subsides within a few

days and recovery is uneventful.

Central nervous system: The incidence of ‘aseptic’ meningitis is higher after
mumps than after any other acute viral infection of childhood. Rates of 0.3-8.0 per
cent have been reported in the USA. This complication almost always resolves
without sequelae. Postinfection encephalitis is, however, more serious and

carriesan appreciable mortality.

Pathogenesis: The infection is spread in saliva and secretions from the respiratory
tract, and is acquired by the respiratory route, either by aerosol or hand contact.
The incubation period is 14-21 days. Viraemia during the acute phase is followed
by generalized spread to various organs, including the parotid gland. Virus is shed
for several days before and after the first symptoms, not only from the respiratory
tract but also in the urine. Mumps virus binds to sialic acid to enter the polarized

epithelial cells in the upper respiratory tract from both sides.

i: |
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Swollen
Parotid Gland

2- Measles

Measlesis a highly contagious infectious disease caused by measles virus.
Symptoms usually develop 10-12 days after exposure to an infected person and
last 7-10 days. Over 1 million mal-nutrient children die each year of measles in the

developing world.

Measles target cells

The main target cells are immune cells such as T and B cells, macrophages and
dendritic cells that express CD150 (or SLAM) which serves as an entry receptor.
CD46 expressed on most cells can also be used by some wild-type strains. Measles
virus infects epithelial cells using nectin-4.Measles virus can also penetrate the
brain, but is usually controlled. Infection of pulmonary epithelial cells permits

transmission to other hosts.
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Symptoms of measles
The initial symptoms of measles develop around 10 days after you're infected.
These can include:
+ cold-like symptoms, such as a runny nose, sneezing and a cough
% sore, red eyes that may be sensitive to light
% a high temperature (fever), which may reach around 40C
+ small greyish-white spots on the inside of the cheeks
3- Para-influenza
The human parainfluenza viruses (HPIV) are the second most common causes of
respiratory tract disease in infants and children. There are four types of HPIVs,
known as HPIV-1, HPIV-2, HPIV-3 and HPIV-4. HPIV-1 and HPIV-2 may cause
cold-like symptoms, along with croup (laryngotracheobronchitis) in children.
10
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HPIV-3 is associated with bronchiolitis, bronchitis, and pneumonia. HPIV-4 is less
common than the other types, and is known to cause mild to severe respiratory
tract illnesses.
Symptoms of of human para-influenza viruses
While symptoms may vary child-to-child, the most common include:

% runny nose

¢+ redness or swelling of the eyes

¢ barky cough

%+ noisy, harsh breathing

% wheezing

s fever

¢ irritability

¢+ decreased appetite

%+ vomiting

s diarrhea

11




Neisseria



* Neisseria is a large genus of bacteria that colonize
the mucosal surfaces of many animals. Of the 11 species

that colonize humans, only two are pathogens, N.

meningitidis and N. gonorrhoeae.

* The genus Neisseria is named after the German
bacteriologist Albert Neisser, who in 1879 discovered
Neisseria gonorrhoeae

e Species of this genus (family Neisseriaceae) of parasitic
bacteria grow in pairs and occasionally tetrads, and thrive
best at (37 °C) in the animal body or serum media.

The genus includes:

* N. gonorrhoeae (also called the gonococcus)
causes gonorrhea.

* N. meningitidis (also called the meningococcus) is one of
the most common causes of bacterial meningitis and the
causative agent of meningococcal septicaemia.

Neisseria gonorrhoeae
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* Neisseria species are fastidious, Gram-negative cocci that require
nutrient supplementation to grow in laboratory
cultures. Neisseria spp. are intracellular and typically appear in pairs
(diplococci), resembling the shape of coffee beans. Nesseria is non-
spore-forming, capable of moving using twitching motility, and
an obligate aerobe (requires oxygen to grow).
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Neisseria gonorrhoeae

e Also known as gonococcus (singular),
or gonococci (plural) is a species of Gram-
negative diplococci bacteria .

* It causes the sexually transmitted genitourinary
infection gonorrhea as well as other forms of
gonhococcal disease including disseminated
gonococcemia, septic arthritis, and gonococcal
ophthalmia neonatorum.
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Culture and identification

* N. gonorrhoeae is usually isolated on Thayer-Martin agar (or VPN) agar in an
environment enriched with 3-7% carbon dioxide. Thayer-Martin agar is a
chocolate agar plate (heated blood agar) containing nutrients
and antimicrobials (vancomycin, colistin, nystatin, and trimethoprim). This agar
preparation facilitates the growth of Neisseria species while inhibitinE the
growth of contaminating bacteria and fungi. Martin Lewis and New York City
agar are other types of selective chocolate agar commonly used
or Neisseria growth.

* N. gonorrhoeae is oxidase positive and catalase positive (able to convert

hydrogen peroxide to oxygen). When incubated with the carbohydrates
Ialctose, maltose, sucrose, and glucose, N. gonorrhoeae will oxidize only the
glucose.

Rectal Specimen
(Testing for Neisseria gonorr

hoeae)

Chocolate Medium Thayer-Martin Medium
Overgrowth Neisseria Only
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Surface molecules

* On its surface, N. gonorrhoeae have hair-like pili, surface proteins with various
functions, and sugars called lipooligosaccharides.

* Dynamic polymeric protein filaments called type IV pili allow N. gonorrhoeae to
adhere to and move along surfaces.

* To enter the host the bacteria uses the pili to adhere to and penetrate mucosal
surfaces. The pili are a necessary virulence factor for N. gonorrhoeae; without them,
the bacterium is unable to cause infection.

* The adhesive functions of the gonococcal pilus play a role in microcolony aggregation
and biofilm formation.

* Surface proteins called Opa proteins can be used to bind to receptors on immune cells
and prevent an immune response.

* Lipooligosaccharide (LOS) is a low-weight version of lipopolysaccharide that present
on the surfaces of most other Gram-negative bacteria.

* The root "oligo" refers to the fact that it is a few sugars shorter than the typical
lipopolysaccharide.

* As an endotoxin, LOS provokes inflammation. The shedding of LOS by the bacteria is
responsible for local injury in, for example, pelvic inflammatory disease.
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Infection and Disease

* After gonococci attach and invade the host epithelial cells, they land 1n the submucosa,
where neutrophils promptly consume them. The pili and Opa proteins on the surface may
interfere with phagocytosis, but most gonococci end up 1n neutrophils.

* The exudates from infected individuals contain many neutrophils with ingested gonococci.
Neutrophils release an oxidative burst of reactive oxygen species in their phagosomes to
kill the gonococci. However, a significant fraction of the gonococci can resist killing
through the action of their catalase- which breaks down reactive oxygen species and 1s able
to reproduce within the neutrophil phagosomes.

* the bacterial RecA protein, which mediates repair of DNA damage, plays an important role
iIn gonococcal survival. N. gonorrhoeae may replace DNA damaged in neutrophil
phagosomes with DNA from neighboring gonococci.

* N. gonorrhoeae exhibits antigenic variation through recombination of its pili and surface
proteins that interact with the immune system.
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transmission

* Sexual transmission 1s possible and Perinatal transmission may occur during
childbirth, and may be prevented by antibiotic treatment of the mother before birth
and the application of antibiotic eye gel on the eyes of the newborn.

* After an episode of gonococcal infection, infected persons do not develop
immunity to future infections. Reinfection 1s possible due to N
gonorrhoeae's ability to evade the immune system by varying its surface proteins.

* N. gonorrhoeae can cause Infection of the genitals, throat, and
eyes. Asymptomatic infection is common 1n males and females. Untreated
infection may spread to the rest of the body (disseminated gonorrhea infection),
especially the joints (septic arthritis). Untreated infection in women may
cause pelvic inflammatory disease and possible infertility due to the resulting
scarring.
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Symptoms

* Symptoms of infection with N. gonorrhoeae differ depending on the site of infection
and many infections are asymptomatic .

* In symptomatic men, the primary symptom of genitourinary infection 1s urethritis —
burning with urination (dysuria), increased urge to urinate, and a pus-like (purulent)
discharge coming with urine .

* If untreated, scarring of the urethra may result in difficulty urinating. Infection may
spread from the urethra to nearby structures. Men who have had a gonorrhea infection
have a significantly increased risk of having prostate cancer.

* In symptomatic women, the primary symptoms of genitourinary infection are increased
vaginal discharge, burning with urination (dysuria), increased urge to urinate.

* Pelvic inflammatory disease results 1f N. gonorrhoeae ascends 1nto the
pelvic peritoneum (via the cervix, endometrium, and fallopian tubes). The resulting
inflammation and scarring of the fallopian tubes can lead to infertility and increased
risk of ectopic pregnancy.

* N. gonorrhoeae may cause (pharyngitis) or (proctitis).
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* In perinatal infection, the primary manifestation 1s infection of the eye
(neonatal conjunctivitis or ophthalmia neonatorum) when the newborn 1s
exposed to N. gonorrhoeae 1n the birth canal. The eye infection can lead to
corneal scarring or perforation, ultimately resulting in blindness.

* Gonococcal ophthalmia neonatorum, once common 1n newborns, 1s
prevented by the application of erythromycin (antibiotic) gel to the eyes of
babies at birth as a public health measure.

* Disseminated gonococcal infections can occur when N. gonorrhoeae enters

the bloodstream, often spreading to the joints and causing a rash (dermatitis-
arthritis syndrome).

* Diagnosis 1s through culture, Gram stain, or polymerase chain
reaction testing of a urine sample, urethral swab, or cervical swab.
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Treatment of gonococcal infection

* The current recommended treatment is a dual antibiotic therapy. This
includes an 1injected single dose of ceftriaxone (a third-
generation cephalosporin) along with azithromycin administered

orally. Azithromycin 1s preferred for additional coverage of gonorrhea
that may be resistant to cephalosporins.
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Neisseria meningitidis,

* Meningococcus, can cause meningitis and other forms
of meningococcal disease such as meningococcemia, a life-
threatening sepsis.

* About 10% of adults are carriers of the bacteria in their nasopharynx.
As an exclusively human pathogen 1t 1s the main cause of bacterial
meningitis in children and young adults, causing developmental
impairment and death 1n about 10% of cases.

* N. meningitidis 1s spread through saliva and respiratory secretions

during coughing, sneezing, kissing, chewing on toys and even through
sharing a source of fresh water.
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Virulence

* Lipooligosaccharide (LOS) 1s a component of the outer membrane of N.
meningitidis.

* This acts as an endotoxin and 1s responsible for septic shock and
hemorrhage due to the destruction of red blood cells.

* Other virulence factors include a polysaccharide capsule which prevents
host phagocytosis and aids in evasion of the host immune response;

* fimbriaec mediate attachment of the bacterium to the epithelial cells of the
nasopharynx. It infects the cell by sticking to 1t mainly with long thin
extensions called pili and the surface-exposed proteins Opa and Opc.

* Meningococci produce an IgA protease, an enzyme that cleaves IgA class
antibodies and thus allows the bacteria to evade a subclass of the humoral
Immune system.

* A hypervirulent strain was discovered in China.
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Treatment

* Persons with confirmed N. meningitidis infection should be
hospitalized immediately for treatment with antibiotics. Because
meningococcal disease can disseminate very rapidly, a single dose
of intramuscular antibiotic 1s often given at the earliest possible
opportunity, even before hospitalization, 1f disease symptoms look
suspicious enough.

* Third-generation cephalosporin antibiotics
(1.e. cefotaxime, ceftriaxone) should be used to treat a suspected or

culture-proven  meningococcal infection before antibiotic
susceptibility results are available.
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Vaccine

* Diseases caused by N. meningitidis and N. gonorrhoeae are significant health problems
worldwide, the control of which 1s largely dependent on the availability and widespread
use of comprehensive meningococcal and gonococcal vaccines.

* Development of neisserial vaccines has been challenging due to the nature of these

organisms, in particular the heterogeneity, variability and/or poor immunogenicity of their
outer surface components.

* Currently, serogroup A, B, C, Y, and W-135 meningococcal infections can be prevented by
vaccines. However, the prospect of developing a gonococcal vaccine 1s still  remote
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Antibiotics

Antibiotic. Substance produced by a
microorganism [or a similar product
produced wholly (synthetic) or partially
(semi-  synthetic) by chemical
synthesis] that is capable, in low
concentrations, of inhibiting the growth
of or killing other microoganisms.

Alexander Fleming
Nobel Prize: 1945
Penicillin

Fleming's original plate:

mold

bacterial
colonies



prugs have been used for the treatment of infectious
diseases since the 17th century (eg, quinine for
malaria, emetine for amebiasis); however,
chemotherapy as a science began in the first decade
of the 20th century with understanding of the
principles of:

selective toxicity,

the specific chemical relation- ships between
microbial pathogens and drugs,

the development of drug resistance,

and the role of combined therapy.




MECHANISMS OF ACTION OF ANTIMICROBIAL DRUGS

e Antimicrobial drugs act in one of several ways: by
selective toxicity, by inhibition of cell membrane
synthesis and function, by inhibition of protein
synthesis, or by inhibition of nucleic acid synthesis.




SELECTIVE TOXICITY

* An ideal antimicrobial agent exhibits selective toxicity, which means that the drug is
harmful to a pathogen without being harmful to the host. Often, selective toxicity is
relative rather than absolute; this implies that a drug in a concentration tolerated by the
host may damage an infecting microorganism.

e Selective toxicity may be a function of a specific receptor required for drug attachment,
or it may depend on the inhibition of biochemical events essential to the pathogen but
not to the host. The mechanisms of action of antimicrobial drugs can be discussed under
four headings:

1.Inhibition of cell wall synthesis
2.Inhibition of cell membrane function

3.Inhibition of protein synthesis (ie, inhibition of translation and transcription of genetic
material)

4.Inhibition of nucleic acid synthesis



INHIBITION OF CELL WALL SYNTHESIS

* The cell wall contains a chemically distinct complex polymer (“peptidoglycan”) consisting
of polysaccharides and a highly cross-linked polypeptide. The polysaccharides regularly
contain the amino sugars N-acetylglucosamine and acetylmuramic acid. The latter is found
only in bacteria. To the amino sugars are attached short peptide chains. The final rigidity of
the cell wall is imparted by cross-linking of the peptide chains (eg, through pentaglycine
bonds) as a result of transpeptidation reactions carried out by several enzymes. The
peptidoglycan layer is much thicker in the cell wall of gram-positive than of gram-negative
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* All B-lactam drugs are selective inhibitors of
bacterial cell wall synthesis and therefore active
against growing bacteria.

The initial step in drug action consists of binding of
the drug to cell receptors (penicillin-binding
proteins [PBPs]). There are at least six different PBPs
(molecular weight [MW], 40-120 kilodaltons [kD]),
some of which are transpeptidation enzymes.
Different receptors have different affinities for a
drug, and each may mediate a different effect.

For example, attachment of penicillin to one PBP
may result chiefly in abnormal elongation of the cell,
but attachment to another PBP may lead to a defect
in the periphery of the cell wall with resulting cell
lysis.

PBPs are under chromosomal control, and mutations
may alter their number or their affinity for 3-lactam
drugs.
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* After a [B-lactam drug has attached
to one or more receptors, the |,
transpeptidation reaction s |
inhibited, and peptidoglycan |,
synthesis is blocked.

*The next step probably involves
removal or inactivation of an
inhibitor of autolytic enzymes in the
cell wall. This activates the lytic
enzyme and results in lysis if the
environment is isotonic.

Outer Membrane
Permeabilization




* The inhibition of the transpeptidation enzymes by penicillins
and cephalosporins may be attributable to a structural
similarity of these drugs to acyl-d-alanyl-d-alanine. The
transpeptidation reaction involves loss of a d-alanine from the

pentapeptide.
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* The remarkable lack of toxicity of [3-
lactam drugs to mammalian cells must

be attribUtEd to the absence in animal Gram-Positive Bacterial Cell Wall Gram-Negative Bacterial Cell Wall
cells of a bacterial type cell wall with its =™ - S—
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* The difference in susceptibility of gram-
positive and gram- negative bacteria to Memirans - -

various penicillins or cephalosporins BN sy o giocoamine [
probably depends on structural pentasycine coss ik 3 J

differences in their cell walls that
determine penetration, binding, and
activity of the drugs.



e Resistance to penicillins may be determined by the organism’s
production of penicillin-destroying enzymes ([3-lactamases). The [3-
lactamases open the [-lactam ring of penicillins and cephalosporins
and abolish their antimicrobial activity. [-Lactamases have been
described for many species of gram-positive and gram-negative
bacteria. Some [-lactamases are plasmid mediated (eg, penicillinase
of Staphylococcus aureus), and others are chromosomally mediated
(eg, many species of gram-negative bacteria).
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There is one group of (-lactamases that is occasionally found in
certain species of gram-negative bacilli, usually Klebsiella
pneumoniae and Escherichia coli. These enzymes are termed
extended-spectrum [(3-lactamases (ESBLs) because they confer
upon the bacteria the additional ability to hydrolyze the [3-lactam
rings of cefotaxime, ceftazidime, or aztreonam.

Of most concern is the emergence of K pneumoniae
carbapenemases (KPC), which are ESBL-type enzymes that confer
resistance to third- and fourth-generation cephalosporins and
carbapenems.

This resistance mechanism is plasmid mediated and has spread
nosocomially among many hospitals throughout the United States
and other countries.

Although they were discovered in the mid-1960s, global
spread of genes encoding metallo-B-lactamases has
facilitated spread of these broad-range, inhibitor-resistant
enzymes among many gram-negative pathogens.

This has ushered in an era of widespread dissemination of
carbapenem-resistant Enterobacteriaceae possessing the
VIM-type (Verona integron-encoded metallo--lactamase)
and NDM-type (New Delhi metallo-3-lactamase) of these
enzymes.



* VIM- type enzymes first appeared in Pseudomonas aeruginosa and
Acinetobacter baumannii, but within the past decade, they have spread to
Enterobacteriaceae. There are more than 20 types, and they are most
prevalent in Europe, the Middle East, and Asia.

* NDM-1 is relatively new, having been described first in a K pneumoniae
strain in Sweden from a patient who had travelled to India.

* Because these organisms often contain genes that encode resistance to
other classes of antimicrobials, such as fluoroquinolones and
aminoglycosides, options for treatment are very limited to agents such
colistin.

 Therefore, such patients are often placed on maximum infection control
precautions to prevent spread to other patients within hospital
environments.



INHIBITION/ALTERATION OF CELL MEMBRANE
FUNCTION

* The cytoplasms of all living cells are
bounded by the cytoplasmic Eukaryote Prokaryote
membrane, which serves as a enclosed nucieus 5 ocnondrion
selective permeability barrier and =
carries out active transport
functions and thus controls the

internal composition of the cell.

Nucleoid Capsu[e
(some prokaryotes)

Ribosomes

Flagellum

Cell Wall
(in some eukaryotes)

* If the functional integrity of the
cytoplasmic membrane is disrupted,
macromolecules and ions escape
from the cell, and cell damage or
death ensues.



Detergents, which contain lipophilic and hydrophilic groups, disrupt
cytoplasmic membranes and kill the cell.

One class of antibiotics, the polymyxins, consists of detergent-like
cyclic peptides that selectively damage membranes containing
phosphatidylethanolamine, a major component of bacterial
membranes.

A number of antibiotics specifically interfere with biosynthetic

functions of the cytoplasmic membranes (eg, nalidixic acid and e, ~ oo
novobiocin inhibit DNA synthesis, and novobiocin also inhibits “ e, - /c»
teichoic acid synthesis). ” AR

A third class of membrane-active agents the ionophores,
compounds that permit rapid diffusion of specific cations through
the membrane. Valinomycin, for example, specifically mediates the
passage of potassium ions.

IonOﬁhores can kill cells by discharging the membrane potential,
which is essential for oxidative phosphorylation, as well as for
other membrane-mediated processes; theY are not selective for
bacteria but act on the membranes of all cells.

Daptomycin is a cyclic 13-member Iipo,oeptide antibiotic that is
rapidly bactericidal by binding to the cell membrane in a calcium
ion—dependent manner, causing depolarization of bacterial
membrane potential. This leads to intracellular potassium release
that causes cell death.

outer face . hydrophilic (polar) head

ins peripheral (extrinsic) protein

inner face © 2007 Encyclopadia Britannica, Inc.



INHIBITION OF PROTEIN SYNTHESIS

- whereas bacteria have 70S ribosomes,

mammalian cells have 80S ribosomes. The
subunits of each type of ribosome, their
chemical composition, and  their
functional specificities are sufficiently
different to explain why antimicrobial
drugs can inhibit protein synthesis in
bacterial ribosomes without having a
major effect on mammalian ribosomes.

* In normal microbial protein synthesis, the
MRNA message is simultaneously “read”
by several ribosomes that are strung out
along the mRNA strand. These are called
polysomes.
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‘ growing peptide chain
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Aminoglycosides

 The first step is the attachment of the amino-
glycoside to a specific receptor protein (P 12 in the
case of streptomycin) on the 30S subunit of the
microbial ribosome.

* Second, the aminoglycoside blocks the normal
activity of the “initiation complex” of peptide ’
formation (mMRNA + formyl methionine + tRNA). S A A e RN

* Third, the mRNA message is misread on the
“recognition  region” of the ribosome;
consequently, the wronF amino acid is inserted
into the peptide, resulting in a nonfunctional
protein.

* Fourth, aminoglycoside attachment results in the
breakup of polysomes and their separation into
monosomes incapable of protein synthesis.

* These activities occur more or less simultaneously,
and the overall effect is usually an irreversible
event—Kkilling of the bacterium.

Peptide Synthesis




* Chromosomal resistance of microbes to
aminoglycosides principally depends on the lack of
a specific protein receptor (modification of the
target site caused by mutations) on the 30S subunit
of the ribosome.

Plasmid-dependent resistance to aminoglycosides
depends on the production by the micro- organism
of adenylating, phosphorylating, or acetylating
enzymes that destroy the drugs (most common
mechanism).

A third type of resistance consists of a
”ﬁermeability defect,” an outer membrane change
that reduces active transport of the aminoglycoside
into the cell so the drug cannot reach the
ribosome. Often this is plasmid mediated.




Macrolides, Azalides, and Ketolides

* These drugs (erythromycins, azithromycin,
clarithromycin, and roxithromycin and the ketolide
telithromycin) bind to the 50S subunit of the
ribosome, and the binding site is domain V of the (L)_groving pepide chai

23S rRNA. QS
. . . o by
* They may interfere with formation of initiation outging *
complexes for peptide chain synthesis or may ~
interfere with aminoacyl translocation reactions. ‘Ululu‘clulAh

[
UGGAAAUGGAAAGAUUUCAAAUGGUUCAAA

* Some macrolide-resistant bacteria lack the proper o messenger RNA
receptor on the ribosome (through methylation of
the 23S rRNA target site).

e The erm (erythromycin ribosome methylation)
genes that encode this mechanism may be under
plasmid or chromosomal control. They may be
expressed constitutively or may be induced by
subinhibitory concentrations of macrolides.

Peptide Synthesis



Tetracyclines

Tetracyclines bind reversibly to the 30S subunit of
microbial ribosomes.

They inhibit protein synthesis by blocking the
attachment of charged aminoacyl-tRNA.

Thus, they prevent introduction of new amino acids to
the nascent peptide chain.

The action is usually inhibitory and reversible upon
withdrawal of the drug.

Resistance to tetracyclines occurs by multiple
mechanisms—efflux, ribosomal protection proteins, and
chemical modification, among others.
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Chloramphenicol

Chloramphenicol binds to the 50S subunit of the 70S bacterial
ribosome.

It interferes with the binding of new amino acids to the nascent
peptide chain, largely because chloramphenicol inhibits peptidyl
transferase.

Chloramphenicol is mainly bacteriostaticc and growth of
microorganisms resumes when the drug is withdrawn.

Microorganisms resistant to chloramphenicol usually produce the
chloramphenicol acetyltransferases, which destroys drug activity.

The production of this enzyme is usually under the control of
plasmid-mediated resistance genes called cat genes.

Other mechanisms of resistance include efflux pumps and
decreased membrane permeability.
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INHIBITION OF NUCLEIC ACID SYNTHESIS

e Rifampin inhibits bacterial growth by binding i i
strongly to the DNA-dependent RNA
polymerase of bacteria.

DNA
template
strand

e Thus, it inhibits bacterial RNA synthesis. 4
Rifampin resistance results from a change in , 4
RNA polymerase because of a chromosomal T
mutation that occurs with high frequency. SegiE o 1A

* The mechanism of rifampin action on viruses is

different. It blocks a late stage in the assembly = g e
of poxviruses. WW@ -

* All quinolones and fluoroquinolones inhibit

microbial DNA synthesis by blocking DNA <@ | - \@ @I
m

gyrases, topoisomerase enzymes that play key m(amm.ﬂmmm*@w
roles in DNA replication and repair. - e tEs

Helicase



For many microorganisms, p-aminobenzoic acid (PABA) is an
essential metabolite.

The specific mode of action of PABA involves an adenosine
triphosphate (ATP)-dependent condensation of a pteridine with
PABA to yield dihydropteroic acid, which is subsequently converted
to folic acid.

PABA is involved in the synthesis of folic acid, an important
precursor to the synthesis of nucleic acids. Sulfonamides are
structural analogs of PABA and inhibit dihydropteroate synthetase.

Sulfonamides can enter into the reaction in place of PABA and
compete for the active center of the enzyme.

As a result, nonfunctional analogs of folic acid are formed,
preventing further growth of the bacterial cell.

The inhibiting action of sulfonamides on bacterial growth can be
counteracted by an excess of PABA in the environment
(competitive inhibition). Animal cells cannot synthesize folic acid
and must depend on exogenous sources.

NH, NH,
COOH SO,NH —
p-Aminobenzoic Basic ring
acid (PABA) structure of

sulfonamides



* Trimethoprim (3,4,5-trimethoxybenzylpyrimidine)
inhibits dihydrofolic acid reductase 50,000 times
mcl)lre efficiently in bacteria than in mammalian
cells.

* This enzyme reduces dihydrofolic to
tetrahydrofolic acid, a stage in the sequence
Iefading to the synthesis of purines and ultimately
of DNA.

e Sulfonamides and trimethoprim if used together,

they produce sequential blocking, resulting in a
marked enhancement (synergism) of activity.

* Such mixtures of sulfonamide (five parts) plus
trimethoprim (one part) have been used in the
treatment of pneumocystis pneumonia, malaria,
shigella enteritis, systemic salmonella infections,
urinary tract infections, and many others.



Endodontic Microbiology

Microbial of apical periodontitis

Apical periodontitis is an inflammatory disease of microbial etiology primarily
caused by infection of the root canal system. Endodontic infections usually
develop after pulpal necrosis. Although fungi and most recently archaea and
viruses have been found in endodontic infection, bacteria are the major
microorganisms implicated in the etiology of the apical periodontitis. Bacteria
colonizing the root canal system contact the periradicular tissues via apical and
lateral foramina. As a consequence of the encounter between the bacteria and the
host defences, inflammatory changes take place in the periradicular tissue and
give rise to development of apical periodontitis.

The ultimate goal of the endodontic treatment is either to prevent the development
of apical periodontitis or to create adequate conditions for periradicular tissue
healing.

Routes of root canal infection

Under normal conditions, the dental pulp and dentin are sterile and isolated from
oral microorganisms by overlying enamel and cementum. There are situations in
which the integrity of these protective layers is breached (e.g., as a result of caries,
trauma-induced fractures and cracks or restorative procedures) or naturally absent
(e.g., because of gap in the cementoenamel junction at the cervical root service).
The main portals of the pulp infection are dentinal tubules, direct pulp exposure,
periodontal disease, and anachoresis.

Dentinal tubules

Whenever dentin is exposed, the pulp is put at risk for infection as a consequence
of the permeability of normal dentin dictated by its tubular structure. Dentin
permeability is increased near the pulp because of the larger diameter and higher
density of tubules. Exposed dentin can challenge by microorganisms present in
carious lesions, in saliva bathing the exposure area, or in dental plaque formed
onto the exposed area.

Direct pulp exposure

Direct exposure of the dental pulp to the oral cavity is the most obvious route of
endodontic infection. Caries is the most common cause of pulpal exposure, but
microorganisms may also reach the pulp via direct pulp exposure as a result of
iatrogenic restorative procedures or trauma. The exposed pulp tissue develops



direct contact with oral microorganisms from carious lesions, saliva, or plaque
accumulated onto the exposure surface.

Periodontal disease

Microorganisms in sub-gingival biofilms associated with periodontal disease
could reach the pulp by the same pathways that intercanal microorganisms reach
the periodontium and thereby could exert harmful effects on the pulp.
Nevertheless, it has been demonstrated that although degenerative and
inflammatory changes of different degree may occur in the pulp of teeth with
associated periodontal disease, pulpal necrosis as a consequence of periodontal
disease only develops if the periodontal pocket reach the apical foramen, lead to
irreversible damage to the main blood vessels that penetrate through this foramen.

Anachoresis

Anachoresis is a process by which microorganisms are transported in the blood
or lymph to an area of tissue damage, where they leave the vessel, enter the
damaged tissue, and establish an infection.

Type of endodontic infections

Endodontic infection can be classified according to the anatomical location
(intraradicular or extraradicular). Intraradicular infections can be subdivided into
three categories: primary, secondary, or persistent infection, established
themselves within the root canal. The composition of microbiota may vary
depending on the different forms of apical periodontitis.

Intraradicular infection

Microorganisms colonizing the root canal system cause intraradicular infection,
which can classified as primary, secondary, or persistent.

Primary intraradicular infection

Microorganisms that initially invade and colonize the necrotic pulp tissue cause
primary intraradicular infection. It has also been referred to as initial infection
or “virgin” infection.

Primary infections are characterized by a mixed consortium composed of 10 to
30 bacterial species and 10”3 to 1078 bacterial cells per canal. The involved
microorganisms is dominated by anaerobic bacteria, but some facultative or
microaerophillic species can also commonly found in primary intraradicular
infections.



Secondary Intraradicular infection

Microorganisms that were not present in the primary infection but that were
introduced into the root canal system at some time after professional intervention
cause secondary intraradicular infection. The entry can be during treatment,
between appointments, or even after root canal filling. Species involved can be
oral or non- oral microorganisms, depending on the cause of infection. The main
causes of microbial introduction in the canal during treatment include remnants
of dental plaque, calculus, or caries on the tooth crown; leaking rubber dam; or
contamination of endodontic instrument, irrigating solution, or other intra- canal
medications. Microorganisms can enter the root canal system between
appointments by loss or leakage of temporary restorative materials, by fracture
of the tooth structure, and in teeth left open for drainage. Microorganisms can
also penetrate the root canal system after root canal filling by loss or leakage of
temporary or permanent restorative material, fracture of the tooth structure,
recurrent decay that exposing the root canal filling material, or delay in placement
of permanent restorations.

Persistent intraradicular infection

Microorganisms that can resist intracanal antimicrobial procedures and endure
period of nutrient deprivation in prepared canal cause persistent intraradicular
infection, this is also termed recurrent infection. Involved microorganisms are
remnants of a primary or secondary infection. The microbiota associated with
persistent infections is usually composed of fewer species than primary
infections, and gram-positive facultative or anaerobic bacteria are predominant.
Fungi can also be found in frequencies significantly higher when compare with
primary infections.

Extraradicular infection

Extraradicular infection is characterized by microbial invasion of and
proliferation in the inflamed periradicular tissues and is almost invariably a
sequel to intraradicular infection. Extraradicular infection can be dependent on or
independent of the intraradicular infection. The most common form of
extraradicular infection dependent on the intraradicular infection is the acute
apical abscess. The most common form of extraradicular infection that can be
independent of the intraradicular infection is apical actinomycosis.



The Endodontic Microbiota

Molecular technology has enabled the recognition of new putative pathogens that
had never been previously found in endodontic infections. Moreover, many
species that had already been considered as putative pathogens because of their
frequencies as reported by culture-dependent methods have been found in similar
or even in higher prevalence values by molecular approaches, strengthening their
association with causation of apical periodontitis. As a consequence, the
endodontic microbiota has been clearly redefined by molecular biology methods.

Primary intraradicular infections

Sophisticated culture and molecular biology techniques have revealed the
polymicrobial nature of endodontic infections, with a dominance of obligate
anaerobic bacteria in primary infections. Current evidence reveals that
endodontic bacteria fall into 8 of the 13 phyla that have oral representatives.

Gram-negative Bacteria

Gram-negative bacteria appear to be the most common microorganisms in
primary endodontic infections. Species belonging to several genera of gram-
negative bacteria have been consistently found in primary infections associated
with different forms of apical periodontitis, including abscesses. These genera
include Dialister (e.g., D. invisus and D. pneumosintes), Treponema (e.g., T.
denticola and T. socranskii), Fusobacterium (e.g., F. nucleatum),
Porphyromonas (e.g., P. endodontalis and P. gingivalis), Prevotella (e.g., P.
intermedia, P. nigrescens and P. tannerae), and Tannerella (e.g., T. forsethia).

Gram-positive Bacteria

Even though anaerobic gram-negative bacteria are reported to be the most
common microorganisms in primary infections, several gram-positive bacteria
have also been frequently in endodontic mixed consortium, some of them in
prevalence values as high as the most commonly found gram-negative species.
The genera of gram-positive bacteria often found in primary infections include
Pseudoramibacter (e.g., P. alactolyticus), Filifactor (e.g., F. alocis), Micromonas
(e.g., M. micros), Peptostreptococcus (e.g., P. anaerobius), Streptococcus (e.g.,
S. anginosus group), Actinomyces (e.g., A israelii), Olsenella (e.g., O. uli), and
propionibacterium (e.g., P. propionicum and P. acnes).



Persistent / Secondary Endodontic Infections

Most root canal-treated teeth with persistent apical periodontitis lesion have
been demonstrated to harbor an intraradicular infection. Microorganisms
present in root canal-treated teeth can be “persisters” that survived the effects of
intracanal disinfection procedures and were present in the canal at the root canal
filling stage (persistent intraradicular infection) or they can have infected the
canal after filling as a result of coronal leakage (secondary intraradicular
infection).

Available Nutrients

In the root canal system, Bacteria can utilize the following as a sources of
nutrients: (1) the necrotic pulp tissue, (2) proteins and glycoproteins from tissue
fluids and exudates that seep into the root canal system via apical and lateral
foramens, (3) component of saliva that may coronally penetrate in the root
canal, and (4) products of the metabolism of other Bacteria.



Microbiology of Periodontal Disease

Periodontal diseases can be defined as disorders of supporting structures of the teeth, including
the gingivae, periodontal ligament and supporting alveolar bone. Periodontal diseases lead to
damage of the periodontal tissues supporting the teeth (bone and connective tissue) and affect
the quality of life of the affected individuals: poor alimentation, tooth loss, social and financial
problems.

Periodontal disease can be broadly categorized into:

1. Gingivitis: the earliest stage of periodontal disease, infection affects only the gums.
Periodontitis is the more sever forms of the disease, when all of the supporting tissue are
involved. Periodontitis, is infectious disease, can be classified into two main groups:
chronic and aggressive. The chronic form is by far the most prevalent disease globally.

The initiation and progression of the inflammatory and destructive periodontal lesion is related
not only to the presence of bacterial strains pathogenic for the periodontium, but also to the
lack or minimal proportions of the beneficial microorganisms in a susceptible host . the
relationship between periodontal microbiota and the host is generally benign but, when the
specific bacterial species overgrows in the subgingival spaces, this may cause periodontal
inflammation and destruction with attachment loss and bone loss.

Most of the periodontal pathogens are anaerobes but the biofilm can also harbour facultative
aerobes, capnophiles and microaerophiles whose number depends on the environment in the
developed biofilm and periodontal pocket. Most periodontal pathogens represent the true
periodontal infection. Some bacterial species in the periodontal environment that are part of
the commensal flora (Actinomyces, certain Streptococcus and Staphylococcus spp.) can
provoke opportunistic infections in case of ecosystem disturbance.

Microbiota in different periodontal diseases

Many different bacterial species live in the healthy gingival sulcus and are present in different
periodontal diseases. the bacterial flora associated with healthy periodontal tissue contains
mainly Gram-positive microorganisms with a dominance of Actinomyces and Streptococcus
spp. Gram- negative species and spirochetes may be also present in healthy patients, although
in low concentration.

There is enough evidence to relate a small group of periodontopathogens with periodontitis
and these bacteria have been defined as key periopathogens: Actinobacillus
actinomycetemcomitans, Tannerella forsythia and Porphyromonas gingivalis.



three groups of factors that determine whether active periodontitis will occur in a patient:
1) a susceptible host,

2) presence of pathogenic species,

3) absence or a small proportion of “beneficial” species.

There is epidemiological evidence that plaque-induced gingivitis is a more prevalent
periodontal disease, is more commonly generalized, and is more severe in individuals with
poor oral hygiene. Development of this plaque-associated gingival lesion has been largely
investigated in a model system of experimental gingivitis and it has been found that
inflammatory features are related to emergence and growth of Gram-negative rods and
filaments in the dental biofilm, and subsequently, of spirochetes and motile microorganisms.

1- Actinobacillus actinomycetemcomitans

A Gram-negative facultative non motile coccoid bacillus (oval to rod-shaped bacteria), non-
spore- forming occurring as parasites or pathogens. its presence in the periodontal pocket
associated with preadolescent, localized juvenile and advanced adult aggressive periodontal
disease. Has several virulence factors such as; leukotoxin , cytolethal distending toxin ,
immunosuppression factors etc..

2- Tannerella forsythia

Gram-negative, anaerobic, fusiform bacterium and is an etiological agent in periodontal
disease.

Is a non pigmented saccharolytic anaerobic Gram-negative rod , posses several virulence
factors including the production of a trypsin-like protease and lipopolysaccharide and its ability
to penetrate into host cells or induce apoptosis.

3- Porphyromonas gingivalis.

This bacterium is anaerobic , Gram negative rod , it is a black pigmented microorganism , has
a carbohydrate capsule on its outer surface which inhibit phagocytosis by neutrophils and has
protease (as a virulence factor) , which can effect the periodontium and cause damage to bone
and gingiva . It is found in the oral cavity, where it is implicated in periodontal disease, as well
as in the upper gastrointestinal tract, the respiratory tract and the colon.

Symptoms :

o This disease may progress slowly and at times, even painlessly. Some people do not notice
that they have gum disease until it has progressed to periodontitis. The symptoms can be
through the gum line or localized in one area. Symptoms could be;

e Bleeding Gums (after brushing or flossing)

e Chronic Bad breath (halitosis)

e Swollen Gums

e Gum inflammation (red gums)

e Receding Gums



e Periodontal pockets
e Uneven dentures or teeth bite.
e Loose teeth

Pathogenesis:

o The gingival tissues respond within 2 to 4 days to a beginning accumulation of microbial
plaque with acute exudative vasculitis which termed the initial lesion.

e This response, which includes loss of perivascular collagen, is comparable to that elicited
in most other tissues subjected to acute injury and may be a consequence of the elaboration
and release of chemotactic and antigenic substances by microbial plaque. Within 4 to 10
days, the early lesion develops.

e It is characterized by a dense infiltrate of lymphocytes and other mononuclear cells,
pathologic alteration of fibroblasts, and continuing loss of the connective tissue substance.

e The early lesion is followed by the established lesion which develops within 2 to 3 weeks
and is distinguished by a predominance of plasma cells in the absence of significant bone
loss

e . The established lesion, which is extremely widespread in humans, may remain stable for
years or decades, or it may become converted into a progressive destructive lesion.

e . Inthe advanced lesion, plasma cells continue to predominate although loss of the alveolar
bone and periodontal ligament.

Mode of transmission

e periodontal disease, may be passed from parents to children and between intimate
partners. bacteria present on the oral soft tissues, teeth, tongue and saliva.

The oral defence mechanisms :
1. Non Specific Immune Defence; Saliva has many antimicrobial properties including:

1. Antagonism between different microorganisms which produce inhibitory substances
as bacteriocin produce by some streptococci.

2. Lysozymes, they are derived from salivary glands and leukocytes they lyse the cell
wall of gram positive bacteria these lysozyme present in blood, saliva ,tears and nasal
mucosa .

3. Peroxidase system, thiocyanate, hydrogen peroxidase may inhibit the growth of
some oral flora.

4. The mucosal barrier

5. Salivary flaw, which is mechanical washing of oral bacteria

6. Complement component and phagocytic transport by gingival crevicular fluid.

7. Lactoferrin and transferring, this protein bind to iron which is essential nutrient for
pathogenic bacterial multiplication (bacteriostatic).

8. Natural salivary immunoglobulin (IgA) they affect the local host resistance to oral
disease. Saliva IgA is the predominant Ig in saliva ,it prevents bacterial adherence
and enhances their agglutination ,neutralize viruses ,however some bacteria produce



proteases which breaks sIgA such as Neisseria meningitis ,Streptococcus pneumonia
and Gram negative bacteria .

2. Specific Immune Defences

The oral cavity has many lymphoid tissue as tonsil, soft palate, pharynx, tongue, salivary
lymphoid tissue, scattered sub mucosal lymphoid tissue and gingival lymphocytes.
The secretory IgA response against dental plaque antigen may be induced by two mechanisms.

1. Induction of local SIgA response resulted from stimulation of in lymphoid tissue of
salivary glands .

2. Induction of generalized secretory IgA response via stimulation of gut associated
lymphoid tissue GALT.

Prevention: The following steps can help reduce risk of developing periodontal disease:

e Stop smoking.

o Eat nutritiously.

o Follow good dental self-care practices.
e Getregular professional dental care.

Vaccine

Oral immunization focused on the development of a vaccine that could induce the production
of Immunoglobulin A IgA (mainly salivary and other secretion with poor serum level) effective
in production against caries.
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Fungal cells

Fungal cells are of two basic morphological types:
true hyphae (multicellular filamentous fungi) or the

yeasts (unicellular fungi), which make pseudohyphae.

A fungal cell has a true nucleus, internal cell
structures, and a cell wall. The main types of ‘cells’
produced by human pathogenic fungi are hyphae,
yeast cells, and spores.

Furthermore, hyphae may have some specialized
structure or appearance that aids in identification.



Morphological types of fungi : °
Three major groups : °
1. Molds(filamentous)fungi. -«

2. Yeasts fungi. °

3. Dimorphic fungi : fungi that have botha -
yeast stage and a mold stage , Mushroomes.



Filamentous fungi




Fungi Groups

On the basis of Morphology

7. Molds (filamentous fungi)

« MNost fungl are composad of flamentcus
(tubular) structures called hyphae. May be
septated OR Aseptated
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Reproduction

The simplest method of reproduction of fungiis *
by fragmentation of the thallus, the body of a
fungus. Some yeasts, which are single-celled
fungi, reproduce by simple cell division, or fission,
in which one cell undergoes nuclear division and
splits into two daughter cells; after some growth,
these cells divide, and eventually a population of
cells forms. In filamentous fungi the mycelium
may fragment into a number of segments, each
of which is capable of growing into a new
individual.




Budding, which is another method of asexual
reproduction, occurs in most yeasts and in some
filamentous fungi. In this process, a bud develops on
the surface of either the yeast cell or the hypha, with
the cytoplasm of the bud being continuous with that
of the parent cell. The nucleus of the parent cell then
divides; one of the daughter nuclei migrates into the
bud, and the other remains in the parent cell. The
parent cell is capable of producing many buds over
its surface by continuous synthesis of cytoplasm and
repeated nuclear divisions.




After a bud develops to a certain point and even
before it is severed from the parent cell, it is itself
capable of budding by the same process. In this
way, a chain of cells may be produced. Eventually,
the individual buds pinch off the parent cell and
become individual yeast cells. Buds that are
pinched off a hypha of a filamentous fungus
behave as spores; that is, they germinate, each
giving rise to a structure called a germ tube,
which develops into a new hypha.




Sexual reproduction, an important source of genetic
variability, allows the fungus to adapt to
new environments. The process of sexual

reproduction among the fungi is in many ways

unique.

In fungi the nuclear membrane remains

intact throughout the process, although gaps in
its integrity are found in some species.

The nucleus of the fungus becomes pinched at its

midpoint, and the diploid chromosomes are pulled
apart by spindle fibres formed within the intact
nucleus. The nucleolus is usually also retained and

divided
be expe
within t

between the daughter cells, although it may
led from the nucleus, or it may be dispersed

ne nucleus but detectable.



Hyphae: *

The majority of fungi are moulds, which
are characterized by producing
filamentous hyphae. Different types of
hyphae possess unique combinations of

structural, behavioural, and functional
attributes.




The vegetative hypha at the peripheryofa -
colony is a tip-growing cellular element that
undergoes regular branching, is commonly
multinucleate, and usually produces septa
(cross walls). The mass of vegetative hyphae in
the colony of a filamentous fungus is referred to
as a mycelium. Many (but not all) filamentous
fungi undergo prolific cell fusion within the
colony to form a complex interconnected
hyphal network.



Yeast cells °

* Yeast cells are typically uninucleate single cells
that reproduce vegetatively by processes
involving septation and separation of
daughter cells that can occur either by
budding or by binary fission. The budding
veast Saccharomyces cerevisiae and the fission
veast, Schizosaccharomyces pombe, have
been studied extensively as eukaryotic
models, particularly in relation to the cell cycle
and cell polarization.



Yeasts




a Hypha, septate, or nonseptate b Mycelium: web of branched hyphae

c Yeast form, budding d Pseudomycelium

There are two basic morphological forms: hypha & yeast




Many important fungal pathogens produce yeast cells, and
most of these (e.g. Candida, Cryptococcus, Histoplasma,
Blastomyces, and Paracoccidioides) propagate themselves
during infection by budding with the notable exception of the
yeast cells of Penicillium (Talaromyces) marneffei, which
reproduce by binary fission. Besides producing yeast cells,
most of these pathogens are described as dimorphic or
filamentous yeasts because, under certain conditions, they
can produce hyphae . Indeed, some species (notably C.
albicans) are often called polymorphic because they also
form pseudohyphae, which more closely resemble yeast cells
than hyphae.



Pseudohyphae °

These are formed by budding yeast cells -
remaining attached and becoming elongated.
Subsequent budding of these attached cells
results in highly branched structures with
constrictions between each cell. Mechanical
agitation easily disrupts the attachment
between pseudohyphal cells.
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Dimorphism °

The ability to exhibit dimorphic switching
oetween a yeast and a hyphal growth form is a
ey feature of many human fungal pathogens.
n C. albicans, both morphological forms, as
well as pseudohyphae, are important for
virulence and have distinct functions during
the different stages of disease development,
including adhesion, invasion, damage,
dissemination, immune evasion, and the host
response.




Oral Aspect of fungal infections

Fungal infections in the oral and perioral -
regions occur either as primary localized
lesions or as manifestations of systemic
mycoses. The most common group of fungal
infections that dental practitioners diagnose
and treat are caused by Candida spp. Some of
the rarer mycoses such as histoplasmosis .



The majority of opportunistic oral mucosal fungal
infections are due to Candida

albicans and Aspergillus fumigatus

species. Mucor and Cryptococcus also have a
major role in causing oral infections,
whereas,Fusarium,Saccharomyces and Penicillium
marneffei are uncommon pathogens in the oral
cavity. The broad spectrum of clinical
presentation includes pseudo-membranes,
abscesses, ulcers, pustules and extensive tissue
necrosis involving bone.



Yeasts occur commonly in the oral cavity in ¢
healthy individuals. The prevalent species is
Candida albicans (about 60-70% of all isolates)
and C. tropicalis. The yeast flora increases in
many patient groups, especially those who are
immunocompromised.

C. albicans is the most important species, being
the cause of almost all cases of yeast infections in
the region, often in association with other
species. The number isolated from the oral cavity
depends on testing site and methods used.




Candida
sy tropicalis



Other species responsible for oral infections
have also been identified including C. glabrata,
C. krusei, C. parapsilosis, and C. tropicalis.




Candidiasis °

Is @ primary or secondary mycotic infection caused
by members of the genus Candida , the clinical
manifestations may be acute, sub- acute or chronic
and involvement may be localized to the mouth,
throat, skin, scalp, vagina, fingers, nails, bronchi,
lungs, or the gastrointestinal tract, or become
systemic as in septicemia, endocarditic and
meningitis .Systemic candidiasis is usually seen in
patients with cell-mediated immune deficiency, and
those receiving aggressive cancer treatment,
Immunosuppression, or transplantation therapy.
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Thrush -

It is an infection of mouth caused by Candida and the
common sign of thrush is the presence of creamy white,
slightly raised lesion of the mouth . The lesion , may have a
"cottage cheese " appearance, in severe cases, may spread
into the esophagus, causing pain or difficulty swallowing .

Stomatitis

Stomatitis is an inflammation of the mucus lining of any of
the structures in the mouth which may involve the gums,
tongue, lips and throat .

Erythematous candidosis

Related to dentures is the most common form of oral
candidosis in about 50 % of denture wearer.
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Candida-associated denture
stomatitis




Candidiasis




Angualr cheilitis °

Angular cheilitis is an inflammatory lesion at
the corner of the mouth and often occurs
bilaterally. Nutritional deficiencies such as
vitamin B12 and iron also some underlying
causes for angular cheilitis . It also reported
that angular cheilitis is one of the common
presentations of oral candidiasis in HIV
infected patients.
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Pathogenesis °

The ability of Candida to adhere to the mucosa
and dentures plays an important role in the
pathogenesis of oral yeast infections . Adherence
is achieved by specific and nonspecific
mechanisms. However the mechanisms of are
still not fully understood . Local defense
mechanisms have a key role in preventing yeast
colonization in the oral cavity.



These include the physical local barrier of the
epithelia, secretory immunoglobulin A, and
salivary factors such as flow rate and specific
molecules (lysozyme, histatin and lactoferrin).
Secreted aspartic proteinase (SAP),
phospholipases and lipases are extracellular
enzymes that facilitate adherence and/or tissue
penetration. SAPs efficiently degrade extracellular
matrix and host surface proteins (laminin,
fibronectin, and mucin).




Histopathology °

The histological profile of C. albicans
infections shows yeasts and pseudohyphae. C.
glabrata, however, appears to produce only
yeast forms . Histopathologic response is in
most cases characterized as inflammatory or
as an abscess.



Examples risk patients for oral

candidiasis

- Patients with dental prosthese

- Patients with reduced salivary flow rate

- Patients with oral mucosal diseases
Asthmatic patients on corticosteroid therapy

Patients wit
HIV infectec
Patients wit

The elderly.

Diabetic patients

N rheumatic diseases
and AIDS patients

N malighant disease

Patients receiving immunosuppressive drugs
Patients receiving radiotherapy to the head and neck



ldentification of Candida

Microscopic examination of the smears
stained KOH preparation can reveal candidal
hyphae and blastospores.

Culture on Sabouraud's dextrose agar (SDA) at
25-30°C for 48-72 hours.Germ tube growth
can be used for identification of C. albicans.



CHROM agar is a medium that is widely used
to identify C. albicans, C. krusei, and
C..tropicalis. The medium contains
chromogenic substrates which react with
enzymes secreted by the target micro-
organisms to yeald colonies of varying colours.
C.albicans forms green colonies, C.tropicalis
steel blue colonies, and C.krusei forms rose
coloured colonies.



Aspergillosis

Aspergillosis has been reported as the second most prevalent
opportunistic fungal infection. Aspergillus species are
universally found in humid areas, damp soil, grain, cereal,
mouldy flour and organic decaying or decomposing matter. In
the hospital setting, construction activities, rotten leaves or
insufficient cleaning of dust can increase the risk of
developing aspergillosis. Aspergillus fumigatus is the most
familiar pathogen of the species. Human infections are also
caused by less common Aspergillus species, such

as Asperqillus flavus, Aspergillus terrus. The most common
species encountered is A. flavus followed by Aspergillus
fumigatus and A. niger.



Aspergillosis ulcer




Clinical presentation

Aspergillosis generally occurs after inhalation of spores, that
can result in both upper and lower respiratory tract infection-
bronchopulmonary aspergillosis. From lungs, infections may
spread to the brain, bone or endocardium. Paranasal sinuses,
larynx, eyes, ears and the oral cavity may be involved in
primary aspergillosis. A. fumigatus is the usual agent of sinus
aspergillosis, whereas A. flavus is more common in invasive
lesions in immunosuppressed individuals. Orofacial
aspergillosis is relatively common in patients undergoing
treatment for malignancies of the blood and blood-forming
organs.



CRYPTOCOCCOSIS

Cryptococcus is another very important human
fungal pathogen that grows inside the host as
budding yeast cells. The main characteristic feature
of yeast cells of Cryptococcus is the formation of a
polysaccharide capsule around a melanized cell wall.
The capsule grows in size within the host and is
considered to be the main virulence factor of C.
neoformans because it has multiple effects on the
host, including inhibiting phagocytosis by
macrophages and modulating the host’s innate and
adaptive immune responses.



Cryptococcus neoformans and Cryptococcus
gattii are commonly considered as the
causative agents of cryptococcosis. C.
neoformans generally affects
immunocompromised hosts whereas C.

gattii is isolated more from
immunocompetent individuals.




Clinical presentation

C. neoformans infections usually occurs after
inhalation of fungal spores from the soil and
excreta of birds. In immunocompetent
individuals the infection remains subclinical
within the lungs. In the immunocompromised
host, the fungus produces rapid disseminated
infection involving central nervous system,
skin, mucous membranes and many other
tissues.



Diagnosis

Histopathology varies according to the immunological -
status of the host. In immunocompetent hosts, typical
granulomas are formed at the site of cryptococcal infection,
with multinucleated giant cells containing intracytoplasmic
cryptococci in budding forms. In immunosuppressed
patients, proliferating cryptococci present as extra- and
intracellular yeast cells with some budding forms with
reactive macrophages, minor lymphocytic and neutrophilic
infiltrate. The definitive diagnosis of cryptococcosis is
established with periodic acid Schiff (PAS), and
mucicarmine-stained preparations. The fungal cytoplasm
appears bright by PAS stain and mucicarmine stains the
fungal capsule. Culture and assay of serum or cerebrospinal
fluid for capsular antigen is useful.



Histoplasmosis

Histoplasmosis is caused by Histoplasma capsulatum. The
disease can affect the lungs and cause acute or chronic
respiratory problems in the immunocompromised
population.. The reticuloendothelial system,
gastrointestinal tract and kidneys are also affected by this
fungus. Histoplasmosis may sometimes appear in a
mucocutaneous form that can manifest as ulcerating or
nodular lesions in the oral mucous membrane. The oral
lesions may also appear granulomatous and may be painful,
localized on the oral mucosa, tongue or lips. The ulcers may
often resemble carcinoma or tuberculosis because of the
raised and rolled borders, usually covered by a yellow or
greyish membrane.



Diagnosis

Diagnosis is usually confirmed by microscopy,
culture and serology. The serum
immunodiffusion assay that detects
antibodies against the H and M antigens of H.
capsulatum is reported to be a reliable
diagnostic method.




Histoplasmosis ulcer




Blastomycosis

Blastomycosis is a rare fungal disease caused by Blastomyces
dermatitidis, a spore found in the soil, when inhaled, it can
cause disseminated disease or a localized respiratory
condition. When the disease affects the oral cavity, it
produces ulcerating mucosal lesions as well as sessile
projections, granulomatous or verrucous lesions. Small ulcers
are characteristic oral manifestation and may present as a
primary lesion or secondary to disseminated disease. The
isolation of the fungus from clinical specimens and
histopathological examination of appropriately stained
sections are the definite method for establishing diagnosis.
The fungus grows well in standard mycological media such as
sabouraud dextrose agar SDA, potato dextrose agar or
inhibitory mold agar. Classically appears as round to oval,
multinucleate yeast cell with a single broad-based bud under
the microscope



SACCHAROMYCES INFECTION

Saccharomyces cerevisiae (also known as
“baker's yeast”) is widespread in nature and is
a commensal inhabiting the gastrointestinal
tract of humans. S. cerevisiae is now included
in some diet or health foods. Fungemia

from S. cerevisiae can follow the use of live
yeast capsules of Saccharomyces

boulardii which are used as probiotics for the
prevention and treatment of various diarrheal
disorders.



Clinical presentation

Lesions resemble invasive candidiasis due to
the presence of esophagitis in both
conditions. Fever may be present in majority
of patients. Deep site involvement with
necrosis and granulomatous reaction has also
been reported. Intra-oral manifestations
include ulcers with associated painful

swallowing, dry mouth and burning sensation.



Diagnosis

Direct Gram stain from the swab will show e
majority of Gram-positive budding yeast cells.
The culture will give creamy-white yeast-like
growth. The Gram staining from the colony
will show budding yeast cells without any
capsule. The organism can be identified using

corn meal agar and carbohydrate assimilation
test.




Thank you *



Karama Tahreer Al-Taee Third class

MSC Medical microbiology 13 /4/2020

Oral fungal infections ( Mycosis)

Oral candidosis

Candida species are fungi that are frequently encountered in the mouth of healthy individuals
and as such can be considered to be normal residents of the oral microflora. The actual
incidence of oral candida carriage is estimated to be between 35 and 55% of healthy
individuals,. Other fungi, such as Saccharomycess pp., Geotrichum spp. and Cryptococcus spp.
are also encountered (Table 1), but their occurrences are rare and these are not generally
implicated with oral infection. While Candida species are normally harmless commensals,
when conditions in the mouth alter to one that favours proliferation of Candida, a shift to a
pathogenic state can occur. As such, Candida infection is invariably an opportunistic one
dependent upon some form of underlying host predisposition. Infection with Candida is
described as a candidiasis. *Fungal infections are classified as superficial, opportunistic or
systemic.

Classification
There are three groups of interest to dentists:
1-Dermatophytes cause superficial skin infections e.g. ring worm and athletes foot.

2- Opportunistic fungi, which are present in the environment or in the human normal
microflora, cause disease especially in the compromised host, e.g. Candia spp. and Aspergillus

SPP-

3-Systemic pathogens, which are the most virulent, can cause systemic disease in previously
healthy individuals e.g. Blastomyces spp. and Cryptococcus spp.

Pathogenic Candida species: The genus Candida contains over 200 different species that
are ubiquitously distributed. However, only a few of these have been implicated in human
infection. The most prevalent Candida species recovered from the human mouth, in both
commensal state and cases of oral candidiasis, is Candida albicans. It is estimated that this
species accounts for over 80% of all oral yeast isolates. In terms of oral prevalence, C. albicans
is followed by C. glabrata, C. krusei, C. tropicalis, C. guilliermondii C. kefyr and C.
parapsilosis




Table 1-Fungal species recovered from the human mouth

Candida species Other fungal species(rare)

Candida albicans Paracoccidioides brasiliensis

Candida glabrata. Aspergillus spp.

Candida tropicalis Cryptococcus neoformans

Candida krusei Histoplasma capsulatum

Candida lusitaniae Mucor spp.

Candida dubliniensis Saccharomyces spp.

Candida kefyr Geotrichum spp.

Candida guilliermondii Rhizopus spp.

Candida parapsilosis

Candida virulence factors

The transition of Candida from a harmless commensal to a pathogenic organism is complex
and may relate to subtle environmental changes that lead to the expression of a range of
virulence factors .1t is likely that it is the combined effect of both host and candidal factors that
ultimately contribute to the development of oral candidiasis.

*Adherence

-One of the key virulence factors of Candida spp. is the ability to adhere to host surfaces. In the
oral cavity, this allows the organism to avoid removal through the effects of salivary flow and
swallowing.

-Adherence can be to oral epithelial tissue or to biomaterials of prosthetic devices such as
dentures.

-Attachment to such oral surfaces can be specific or non-specific The cell surface molecules on
Candida that are involved in its specific adherence are described as adhesins . Adhesins
include receptors and proteins that bind to complement receptors on host cells.

Morphology

Candida have the ability to grow in several morphological states including budding yeast
cells, pseudohyphae (Fig.1b) (elongated chains of yeast cells), and also true filamentous
hyphae (Fig. 1a). Once attached to host surfaces the ability of Candida and in particular C.
albicans to switch from its yeast morphology to a filamentous form may promote penetration
of the epithelium and increase resistance of cells to phagocytosis by host immune cells C.
albicans show filamentous strains are virulent.

Fig .1a




Phenotypic switching :Switching has multiple effects on the Candida cells and is
associated with altered gene expression which affects* surface antigenicity, *adhesiveness,
*drug susceptibility, and *resistance to phagocytosis . A high switching mode is a strain-
dependent trait and can clearly influence strain virulence.

Fig.1b

*Hydrolytic enzymes

_Secreted a spartyl proteinases (SAPs) :) Have the ability to degrade host extracellular
matrix proteins would be an obvious pathogenic factor as would the destruction of host proteins
involved in defense against infection.

_Phospholipases (PLs) :PLs factors in Candida pathogenicity. Phospholipases are enzymes
that hydrolyse phospholipids into fatty acids, their production could contribute to host cell
membrane damage which could promote cell lysis or expose receptors to facilitate adherence.

Oral candidiasis: The oral candidiasis high incidence in Human Immunodeficiency Virus
(HIV)-positive individuals and Acquired Immunodeficiency Syndrome(AIDS) sufferers.
However, transition from healthy oral carriage to a diseased state can be triggered by less

extreme changes within the oral environment and numerous other factors have been implicated
(Table 3).

Table 3- Host related factors associated with oral candidiasis.
Suggested host factor

Local host factors

* Denture wearing

* Steroid inhaler use

* Reduced salivary flow

 Carbohydrate rich diet




Systemic host factors

 Extremes of age

» Endocrine disorders e.g. diabetes

* Immunosuppression

* Receipt of broad spectrum antibiotics
* Nutritional deficiencies

A-Pseudomembranous candidiasis

Acute pseudomembranous candidiasis is a classic form of oral candidiasis, commonly referred
to as thrush, most common type of oral candidiasis, accounting for about 35% of oral
candidiasis cases . (Fig..2A) is white plaque-like lesions on the oral mucosa and has been found
in the mouths of neonates and in the elderly. Pseudomembranes occur on the surface of the
labial and buccal mucosa, hard and soft palate, and tongue. The lesions can be removed by
gentle scraping to reveal the underlying erythematous mucosa and this is a diagnostic clinical
feature of the infection.

When viewed by light microscopy, the removed pseudomembranes are seen to consist of

desquamated epithelial cells and fungal elements It is classically an acute condition, appearing
in infants, people taking antibiotics or immunosuppressant medications, or immune-
compromising diseases. It can be chronic and intermittent, even lasting for many years.
Chronicity of this subtype generally occurs in immunocompromised states, (e.g., leukemia,
HIV) or in persons who use corticosteroids topically or by aerosol.

B-Acute erythematous candidosis

Acute erythematous candidosis (Fig. 2B) is characterized by the presence of painful reddened
patcheson the oral mucosa, typically on the dorsum of the tongue, associated with the
administration of a broad spectrum antibiotic,particularly if the patient also uses a steroid
inhaler. Antibiotic decreases the bacterial community within the oral microflora,allowing




Candida numbers to increase. Cessation of antibiotic treatment will generally result in
resolution of the lesion. The relationship between antibiotic therapy and this form of oral
candidosis has resulted in the use of an alternative description,namely, ‘antibiotic sore mouth

C-Chronic hyperplastic candidosis

Rare form of oral candidosis seen in middle aged men who are tobacco smokers. The condition
is generally asymptomatic and if left untreated some cases(5—10%) go on to exhibit dysplasia
and subsequent development of oral cancer at the lesional site. CHC is characterized by the
invasion of the oral epithelium by hyphal forms of Candida. The condition can occur at any site
on the oral mucosa but is most frequently encountered as bilateral white patches in the buccal
commissure regions. The lesions cannot be removed by gentle scraping without bleeding and
two lesional types have been described based on clinical appearance. Homogeneous lesions are

smooth and white which contrasts with heterogeneous lesions where areas of erythema can be

seen giving a nodular or speckled appearance to the infected site. The heterogeneous form of
the lesion that is more prone to malignant transformation

D-Chronic erythematous candidosis

The most frequently encountered form of oral candidosisis chronic erythematous or ‘Candida
associated denture stomatitis’ (Fig..2D). This infection presents as reddening of the mucosa
beneath the fitting surface of a denture. Upto 65% of denture wearers have clinical signs of this
condition, This condition can develop under any acrylic denture or intra-oral appliance, but is




almost invariably seen in the palate rather than on the mandibular mucosa. In adequate oral
hygiene or the presence of a poorly fitting denture are both strongly associated with chronic
erythematous candidosis

Other secondary forms of oral candidosis
E-Angular cheilitis

Angular cheilitis characteristically presents as erythematous lesions at the corners of the mouth
.The condition is associated with chronic erythematous candidosis. While Candida can be
recovered from the lesional sites, the exact role of this organism in the infection can be difficult
to as certain as frequently bacterial species such as Staphylococcus aureus or streptococci are
also present.

F-Median rhomboid glossitis :As a symmetrical shaped area in the midline of the dorsum of
the tongue. The condition is chronic and represents a trophy of the filiform papillae. Recovery
of Candida from this area is high, and the condition would appear to be strongly associated
with both smoking and the use of inhaled steroids.




G-Chronic mucocutaneous candidosis: This is a rare group of disorders characterized by
persistent superficial candidal infection of the mouth, other mucosal surfaces, the skin and
nails. The oral lesions resemble those of chronic hyper-plastic candidosis and can involve any
part of the mucosa.

FIGURE: Chwanic MUCOCUTINeCuUs Qndd.anis
manifests 35 hyperplastic mucocutanecus lesions
indoding granvilomas and nodules. A, Localimd
granuiomas and nodules on the tongue. B, The same
condition, affecting the shin. C Adherent white
plaogues THIT represent speciied leusopiaid

Host response to oral candidosis

Appropriate host immunity is essential in the preventionof oral candidosis Innate immunity is
first encountered in the oral cavity in the form of antimicrobial peptides (AMPs), also referred
to as *host defence peptides found in saliva or released by oral epithelial cells. Release of
these molecules from epithelial cells is believed to be triggered when Candida binds to a
particular group of receptors on epithelial cell surfaces. These receptors are often referred
to as pattern-recognition receptors PRRs,and toll-like receptors (TLRs) are a major class of
these. In humans, TLR2 and TLR4 are responsible for recognising fungal pathogens resulting
in activation of intracellular pathways leading to cytokine production,activation of the innate
immune response and release of AMPs.Examples of AMPs include lactoferrin, a- andf-
defensins, histatins, lysozyme, secretory immunoglobulin A, mucins, sialo peroxidase and
transferrin. The main function of these molecules is to either kill the colonising Candida or

limit its adherence to oral surfaces. Histatins have an anti-candidal activity.Also of importance
in early host defence is the *phagocytotic clearing of C. albicans (PMNs) and monocytes.

. The phagocyte-dependent protection of the host can be promoted or impaired by the »
release of cytokines by T-helper (Th) cells. The type of Th response generated can be
influenced by the effect of the infecting organism on antigen-presenting cells




(APCs)such as dentritic cells (DCs) .After contact with Candida, or its products, DCs
migrate into the draining lymph node where they mature and directCD4+ T cells to
develop into either Th1 or Th2 cells through Candida antigen presentation and cytokine
production.The Th1 is associated with macrophage activation and enhanced resistance
against reinfection, Th2 is linked to the development of chronic disease.

“*Serum antibodies probably constitute a secondarydefence line and become important once
either tissue penetration or systemic infection occurs.

Diagnosis of oral candidosis

Diagnosis of oral candidosis can often be made on the nature of the clinical presenting features
although microbiological specimens should be taken if possible in order to both identify and
quantify any Candida that may be present and provide isolates for antifungal sensitivity testing.
Identification of infecting strains is important since the emergence of species with reduced
sensitivity to frequently administered antifungals is becoming increasingly evident.

Isolation of Candida from the oralcavity

Oral samples can be obtained by a variety of methods(Table 9.4)

Table 9.4 Methods of recovering Candida from the oral cavity

lsolation method ~ Advantages Disadvantages

Culture of whole saliva | Senstive; viable organisms isolated Problems may occur with collection of
sampl; not site spacifi

Concentrated oral rinse | Quanftative; viable cells isolated Some patients have dificulty in using rinse;
not sfe specific

Wab Simple 1o use; viable call isolated; site specific | Difficult to standardise

Smear Simple 10 use; nat refiant on culture Viable calls not determined; spacies identity
not readiy confirmed

Imprint culture Quanitative; viable cells isolated; site specific | Some sites difficultto sample

Biopsy Essential for chronic hyperplastic candidosis | Invasive; not appropriate for other forms of
candiagsis




Uncommon oral fungal infections

Aspergillosis
* Second commonest fungal infection in human
* Commonly seen with high dose of corticosteroid use, organ and marrow
transplantation, increase use of immunosuppression against autoimmune diseases
Lungs are commonly affected
Also invade blood vessels causing thrombosis and infarctions
* Less commonly affect maxillary sinuses
Oral lesions are typically black or yellow necrotic soft tissues

Cryptococcosis
* Primarily affects lungs and can lead to meningitis
* Caused by Cryptococcus neoformans, usually isolated in pigeon’s and other
birds’ droppings
Cutaneous lesions : Face, neck and scalp
Oral lesions are rare; resembles superficial ulcerations, granulomas, nodules or
indurated ulceration similar to carcinoma
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Blastomycosis:Caused by Blastomyces dermatitidisWhen inhaled, spores produce
disseminated or local respiratory infections.Oral lesions are rare.May produce ulcerated
mucosal lesions in the oral cavity.




Histoplasmosis

Caused by Histoplasma capsulatum; a dimorphic fungi
Two forms; pulmonary and mucocutaneous
Mucocutaneous form cause ulcerative/erosive lesions on tongue, plate and buccal

mucosa
Oral lesions: single ulcers, long term and may or may not be painful

Always misinterpreted as malignant ulcers

Involvement of the oral cavity is secondary to paranasal sinuses or nasal cavity
Usually present as a palatal necrosis or ulcerations

Extends to adjacent structures causing extensive tissue necrosis and invasion of brain
Organ transplant and poorly controlled diabetic patients are susceptible

References:
1-Oral Microbiology Sth edition

2-Essential microbiology for dentistry 4th edition 2012
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Fusobacterium

Fusobacterium is a genus of anaerobic, Gram-
negative, non-sporeforming bacteria, similar

to Bacteroides. Individual cells are slender,
rod-shaped bacilli with pointed

ends.2l3] Strains of Fusobacterium cause
several human diseases, including periodontal
diseases and topical skin ulcers.




Fusobacterium




Fusobacterium spp. can be somewhat variable -«
in their Gram stain and display a range of
cellular morphologies from coccoid,
pleomorphic spherules (Fusobacterium
necrophorum) to rod shaped. Rods can be

short with rounded ends or long and thin with
pointed ends (F. nucleatum), arrayed end to

end




Although older sources state that
Fusobacterium is part of the normal
flora of the human oropharynx, the
current consensus is that
Fusobacterium should always be
treated as a pathogen.




Fusobacterium necrophorum

Gram negative, non spore forming
anaerobe, fusiform or pointed rod
bacteria. Its normal inhabitant is the
alimentary tract of animals and humans,
the source of infection is always
endogenous.

Virulent spp. Include Fusobacterium e
necrophorum, Fusobacterium equinum,
and Fusobacterium nucleatu




They differ morphologically and
biologically. The organism is an
opportunistic pathogen that causes
numerous necrotic conditions called
(necrobacillosis) such as bovine
hepatic abscesses, ruminant foot
abscesses and human oral infections.



Pathogenesis

The pathogenic mechanism of necrophorum is
complex and not well defined. Several toxins,
such as leukotoxin, endotoxin, haemolysin,
haemagglutinin and adhesin, have been
implicated as virulence factors. Among these,
leukotoxin and endotoxin are believed to be
more important than other toxins in

overcoming the host’s defence mechanisms to
establish the infection.



Diseases °

Foot abscesses in Cattle and Sheep infection -«
of the interdigital and adjacent soft tissues
and is the major cause of lameness in beef
and dairy cattle. Foot rot in sheep is a mixed
bacterial infection of the interdigital skin.

Thrush (hoof infection) horses caused by F.
necrophorum.




* Bovine mastitis (summer mastitis) caused by F
necrophorum alone has been reported F.
necrophorum is the primary aetiological agent
of bovine hepatic abscesses, from which it is
frequently isolated in pure culture.




Diagnosis °
Gram stain reveals long gram

negative fusiform rods with
characteristic beading.

Colonies are small, smooth, -
vellowish white, and may be a or 3
hemolytic.



* Treatment:

* Erythromycin, Tetracycline and penicillin for
prevention of bovine foot rot in sheep



Antibiotic sensitivity and biochemical
test

As a genus, Fusobacterium is sensitive to
both kanamycin and colistin and resistant
to vancomycin. It can be distinguished by its
bile sensitivity. Most species

are indole positive and produce butyric
acid during the fermentation of glucose.




Leptotrichia

Leptotrichia species are typically large, °
fusiform-shaped, non-sporulating, and non-
motile rods, facultative anaerobic /
anaerobic bacteria that are found mostly in
the oral cavity and some other parts of the
human body, in animals, and even in ocean
sediments. All species ferment carbohydrates
and produce lactic acid that may be involved
with tooth decay.



Leptotrichia Spp. (A) Leptotrichia cells (Gram stain).
(B) Leptotrichia cells (SEM). (C) Leptotrichia cells (SEM).
(D) Leptotrichia colonies.




Leptotrichia buccalis

Leptotrichia buccalis is an anaerobic, Gram-
negative rod bacteria. It is a constituent of
normal oral flora.

Leptotrichia buccalis can be clearly identified <
using live blood analysis in dark field. They
have a distinct form, which separates them
from other rod formes.




Leptotrichia buccalis




Pathology

Almost every case of severe infection

with Leptotrichia buccalis reported in medical
literature occurred in patients with neutropenia,
Holistic dentists claim that

dental granulomas following root canal fillings are
likely to be caused by Leptotrichia buccalis. The
majority of patients with 'Leptotrichia

buccalis found in their blood have had root canal
fillings, which would support the claim of holistic
dentists.




Thirty-one cases of bacteremia and four cases
of wound infections associated

with Leptotrichia species. Bacteremia caused

by Leptotrichia species were found among
neutropenic patients with various forms of
predisposing diseases such as bone-marrow
transplants, infective endocarditis, and sepsis
associated with mucositis.



Identification of Leptotrichia species

ldentification of Leptotrichia species can be ¢
problematic in terms of culturing because
some strains are strictly anaerobic or
facultative anaerobic, while others prefer
growth under the influence of CO,,.
Leptotrichia species usually stain Gram-
negative, but fresh cells may be Gram-
positive.



It can ferment fructose, glucose, maltose,
mannose, sucrose, and trehalose to produce
acid. Do not produce indole, catalase, urease,
H,S and phospholipase.
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Spirochaetes

* The spirochetes are a distinct group of
bacteria which have :

* a unique cell morphology and mode of
motility. Spirochetes are simple Gram-
negative bacteria, have a characteristic long
helical shape.




SPIROCHETES

Spirochetes, a group of five genera, very
widespread in nature and found in the fresh
waters, of which are pathogenic for humans:

—Treponema
—Borrelia
—Leptospira



Disease-causing members of these
Genera

e Treponema pallidum, which causes syphilis

* Leptospira species, which causes leptospirosis

* Borrelia recurrentis, which causes relapsing fever




Ireponema pallidum (Nichols strain)
attached to cultured mammalian cells.




 Some are tightly coiled like a telephone cord,
while others are more open;

Very tight coils are seen in Leptospira,
Medium coils in Treponema and

Open coils are seen in Borrelia.




* Treponema pallidum

* Exhibits characteristic motility that consists of
rapid rotation about its longitudinal axis and

bending, flexing, and snapping about its full
length

 Multiplication is by binary transverse fission.

* Treponemes have not yet been cultured in
vitro. Treponema pallidum is the causative

agent of syphilis, a sexually transmitted
disease (STD).




TREPONEMES
CELL WALL STRUCTURE
The organism has an outer
membrane containing an
extremely low density of
surface-exposed

transmembrane proteins. \
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Typically, three flagella S
originate from each end of -
the bacterium, and, winding &
about the bacterium within
the periplasmic space,

overlap at the midpoint.



Treponema

Virulence Factors

Several gene products associated with virulent
strains,

— Their roles in pathogenesis are unknown.

The outer membrane proteins are associated with
adherence to the surface of host cells,

Virulent spirochetes produce hyaluronidase, which
may facilitate perivascular infiltration.

Virulent spirochetes are also coated with host cell
fibronectin, which can protect against phagocytosis.



PATHOGENESIS

 Treponemes are highly invasive pathogens which often
disseminate relatively soon after inoculation.

* Evasion of host immune responses appears to be, at
least in part, due to the unique structure of the
treponemal outer membrane (i.e., its extremely low
content of surface-exposed proteins).

* Although treponemes lack classical lipopolysaccharide
(endotoxin), they possess abundant lipoproteins which
induce inflammatory processes.



Transmission of Syphilis

A. Syphilis is spread mostly by sexual contact.

B. except for congenital syphilis, which is spread
from mother to fetus transplacentally or by
passage through an infected birth canal.

C. Transmission by transfusion has been
documented.



Chain of infection

Transmission by sexual contact requires:
1-exposure to moist lesions of skin or mucous
membranes.

2- Depends on the existence of infectious lesions
(sores), which may or may not be visible.

3- To disseminate away from the site of initial entry,

organisms must traverse the viscous ground
substance between tissue cells.



Treatment

* Syphilis is relatively easily treated with
antibiotics such as penicillin, usually given as
consecutive daily intramuscular injections.
Patients who are allergic to penicillin may be
treated with tetracycline.

* Fortunately, unlike other STDs such as
gonorrhea, there is little evidence of antibiotic
resistance developing in syphilis.




Thank you
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Miscellaneous microorganism
a-Rickettsia and Chlamydia.
b-Mycoplasma

c-Veillonella

Chlamydiae, Rickettsiae and mycoplasmas are a miscellaneous group of organisms with
properties common to both bacteria and viruses.

Chlamydiae

The chlamydiae are a group of microorganisms related to Gram-negative bacteria . However,
unlike bacteria, they are unable to grow on inanimate culture media. Their main
characteristics include the following

» Larger than most viruses and hence visible by light microscopy.
» Both DNA and RNA are present.

» Obligate intracellular parasites with a complex growth cycle.

« Sensitive to tetracycline, erythromycin, sulphonamides.

There are three species in the genus Chlamydia:

1. Chlamydia trachomatis is an agent of many diseases

2. Chlamydia pneumoniae causes acute respiratory tract infection, including sore throat, mild
pneumonia and fever in humans.

3. Chlamydia psittaci primarily causes disease (psittacosis) in birds such as pet parrots and
budgerigars, from which humans contract the infection. The human infection, also known as
psittacosis, takes the form of a primary a typical pneumonia.

Chlamedia trachomatis : Causes a spectrum of diseases. the real number of chlamydia infections
every year may be closer to 3 million.

Ocular infections - Trachoma is a chronic conjunctivitis caused by Chlamydia
trachomatis. It was once the most important cause of blindness worldwide, The infection can
be spread from eye to eye by fingers, shared towels or cloths, coughing and sneezing and eye-
seeking flies. Symptoms include mucopurulent ocular discharge, irritation, redness, and lid
swelling. Newborns can also develop chlamydia eye infection through childbirth

_ Genital infections — non-specific urethritis, the most common sexually transmitted disease
in the UK . Most people who are infected have no symptoms . In the tropics, it causes
lymphogranuloma venereum
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Chlamydia is caused by a bacterial infection. The only true cure for this type of infection is
antibiotics.

But some alternative treatments may help ease symptoms, untreated chlamydia can lead to
long-term complications, including fertility problems and chronic inflammation.

- e

Fig 1:-Pap Smear Description: Human pap smear showing chlamydia in the vacuoles at 500x
and stained with H&E.

Pneumonia — in neonates. Newborn babies can acquire chlamydia from their mother during
birth

Culture and diagnosis

Identified by tissue culture ( e.g.Hela cells) ,serology (complement fixation tests)and
fluorescent antibody staining of smears from the lesion.
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Hela cells :-is an immortal cell line used in scientific research. It is the oldest and most
commonly used human cell line. The line is derived from cervical cancer cells taken on 1951,
from Henrietta Lacks, a 31-year-old African-American, who died of cancer. The cell line was
found to be remarkably durable and prolific, which allows it to be used extensively in
scientific study

Antibiotic sensitivity
Tetracycline is effective for all chlamydial infections.
Rickettsiae

Rickettsiae are pleomorphic organisms, smaller than bacteria but resembling them structurally
and metabolically, including cell wall formation. They, like Chlamydia and viruses. The best-
known human rickettsial disease is typhus, which spreads wildly in conditions of malnutrition
_Coccobacilli, with a multilayered outer cell wall resembling that and poverty. Rickettsiae are
of Gram-negative bacteria cell wall. Rickettsias are generally sensitive to environmental
exposure, although R. typhi can survive several years in dried flea droppings

_Obligate intracellular parasites that replicate by binary fission .
_Visible by light microscope when special stains are used(e.g.Giemsa).

_Able to infect many species, including arthropods, birds and mammals; members of the
genus are transmitted to humans via bites of infected arthropods

Sensitive to tetracycline and chloramphenicol.
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Distribution and Ecology of Rickettsial Diseases
The Role of Arthropod Vectors

The rickettsial life cycle depends upon a complex exchange between blood-sucking arthropod
hosts and vertebrate hosts. Eight tick genera, two fleas, and one louse are involved in the
spread of rickettsias to humans.

General Factors in Rickettsial

Pathology and Isolation
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A common target in rickettsial infections is the endothelial lining of the small blood vessels.
The bacteria recognize, enter, and multiply within endothelial cells, causing necrosis of the
vascular lining

Among the immediate pathologic consequences are vasculitis, perivascular infiltration by infl
ammatory cells, vascular leakage, and thrombosis. These pathologic effects are manifested by
skin rash edema, hypotension, and gangrene. Intravascular clotting in the brain accounts for
the stuporous mental changes and other neurological symptoms that sometimes occur

There are two genera within the Rickettsieae:
Rickettsia and Coxiella.

Rickettsia

Rickettsial diseases include:

Epidemiology of Epidemic Typhus Humans are the sole hosts of human body lice and the
only reservoirs of R. prowazekii. The louse spreads infection by defecating into its bite wound
or other breaks in the skin. Infection of the eye or respiratory tract can take place by direct
contact or inhalation of dust containing dried louse feces, but this is a rarer mode of
transmission.
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Characteristics of Major Rickettsias Involved in Human Disease

Mode of
Primary  Transmission
Disease Group  Species Disease Vector Reservoir  to Humans Where Found
Typhus Rickettsia Epidemictyphus ~ Bodylouse  Humans Louse feces rubbed ~ Worldwide
prowazekii into bite;
inhalation
R. typhi (mooseri) ~ Murine typhus Flea Rodents Fleafecesrubbed ~~ Worldwide
inlo skin;
inhalation
Spotted Fever R rickettsii Rocky Mountan Tk Small Tick bite; aerosols ~ North and South
spotted fever mammals America
R. akari Rickettsialpox Mite Mice Mite bite Worldwide
Scub Typhus — Orientia — [mmature ~ Rodents Bite Asia, Australia,
Fsufsugamshi mite Pacific Islands
Human Ehrtichia chaffeensis ~ Human monocytie  Tick - Tick bite Similar to
Ehrlichiosls ehrlichiois Rocky Mountain
spotted fever
Human Anaplasma Homan granulocytic ~ Tick Deer, rodents ~ Tick bite Unknown

anaplasmosls  phagocytophilum  anaplasmosis

:Rocky Mountain Spotted Fever
Epidemiology and Pathology

The rickettsial disease with greatest impact on people living in North America is Rocky
Mountain spotted fever ,etiologic agent Rickettsia rickettsii in smears from infected animals
and patients and later discovered that it was transmitted by ticks.

Pathogenesis and Clinical Manifestations of Spotted Fever

After 2 to 4 days incubation, the first symptoms are sustained fever, chills, headache, and
muscular pain. Early diagnosis can be made by staining rickettsias directly in a tissue biopsy
using fluorescent antibodies. Isolating rickettsias from the patient’s blood or tissues is
desirable, butit is expensive and requires specially qualified personnel and laboratory
facilities. Specimens taken from the rash lesions are suitable for PCR assay, which is very
specific and sensitive and can circumvent the need for culture.

Coxiella

Coxiella burnetii, an organism closely resembling rickettsiae,. Rickettsial diseases include:
Typhus, (typhus fever)
Typhus group of infectious diseases that include epidemic typhus, scrub typhus, and murine
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typhus. Common symptoms include fever, headache, and a rash.

Typically these begin one to two weeks after exposure Usually Q fever presents as a ‘non-
bacterial’ pneumonia, but lesions may be seen in the brain and other organs, including the
heart, with resultant infective endocarditis.

Culture and diagnosis

Isolation of most rickettsias from clinical specimens requires a suitable live medium and
specialized laboratory facilities, including controlled access and safety cabinets. The usual
choices for routine growth and maintenance are the yolk sacs of embryonated chicken eggs,
chick embryo cell cultures, and, to a lesser extent mice and guinea pigs.« Serology: rising titer
of antibody in patients sera.

Antibiotic sensitivity: Tetracycline or chloramphenicol.
Mycoplasmas

Mycoplasmas are the smallest prokaryotes capable of binary fission, and they grow, albeit
slowly, on inanimate media. Mycoplasmas are indeed wall-less bacteria, without the
peptidoglycan cell wall but bound by a plasma membrane consisting of lipids and sterols
(including cholesterol). Hence, they are highly pleomorphic. Analysis of Mycoplasma genome
sequences (16SrDNA) suggests that these organisms are most closely related to Bacillus—
Lactobacillus and Streptococcus sub groups of Gram positive bacteria. The most important
species of the genus Mycoplasma is Mycoplasma pneumoniae, which causes:

_A common pneumonia, atypical pneumonia

_ Mucocutaneous eruptions, including the oral mucosa
_ Haemolytic anaemia.

Mycoplasma pneumoniae

Primary atypical pneumonia

Primary atypical pneumonia takes the form of fever, non productive cough, severe headache,
weakness and tiredness. The acute illness lasts for about 2 weeks, but in a majority, the
symptoms last longer.

Mucocutaneous eruptions

M. pneumoniae may cause skin rashes and ulcerations of both the oral and vaginal mucosa..
The skin lesions, which often affect the extremities, have a target or iris appearance(target
lesions). In the oral mucosa, erythematous patches may appear first, quickly becoming
bullous and erosive. This leads to extensive blood encrustations, especially the labial lesions.
When the oral ulceration is associated with the skin rash and conjunctivitis, it is called
Stevens—Johnson syndrome.

Culture and diagnosis
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Mycoplasma can be cultured in special media but is a slow grower (about 10 days); the
colonies have a characteristic fried-egg’ appearance. Immunofluorescence of colonies
transferred to glass slides is useful (as they do not take up the Gram stain well).Serology is
useful as the culture results are delayed. Complement fixation testing for M. pneumoniae
antibodies is diagnostic.

Antibiotic sensitivity: Tetracycline for adults and erythromycin for children.
Oral mycoplasmas

Mycoplasmas have been isolated from saliva, oral mucosa and dental plaque, but their
significance is not clear. The oral species are poorly characterized and include Mycoplasma
buccale, Mycoplasma orale and Mycoplasma salivarium. The latter two species have been
isolated from salivary glands and are thought to play a role in salivary gland hypo function.
Estimates of the oral carriage of mycoplasma vary from 6% to 32%.

Veillonella
Veillonella spp. are non-motile, gram-negative diplococci ,anaerobic .

Veillonella is part of the normal flora of the mouth and gastrointestinal tract and may be
found in the vagina. Veillonella species are common and considered mainly harmless, or even
beneficial, colonizers of the mouth from the early years of life onward .V. parvula subsp.
parvula is detected in saliva, on the tongue, and in plaques. They are able to utilize lactate
produced by Streptococcus mutans, and are thus considered as beneficial bacteria in dental
.plaques.

Veillonella spp. are often regarded as contaminants; they are often associated with oral
infections; bite wounds; head, neck, and various soft tissue infections; and they have also
been implicated as pathogens in infections of the sinuses, lungs, heart, bone, and CNS. Recent
reports have also indicated their isolation in pure culture in septic arthritis and meningitis.

References:
1- Atlas of Oral Microbiology 2015 Chapter 3 - Supragingival Microbes Pages 41-65

2-Essential microbiology for dentistry 4th edition 2012



