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earning Outcomes

 Bacteria and human relationship
* Type of relation

* The process of infection

* Virulence Factors of Bacteria

» Bacterial Toxins



MICROORGANISM AND HOST

» Infection:
e Is the invasion and growth of microorganisms within the body's
tissues.
 This invasion can lead to disease, causing signs and symptoms like
fever, pain, or fatigue™, ., .. ..
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📌 Subclinical infection (Silent infection)

يعني عدوى بدون أعراض.
⚠️ الشخص يكون فيه تكاثر للميكروب داخل الجسم واستجابة مناعية، لكن ما في أي أعراض سريرية تظهر.

الخصائص:

Pathogen دخل الجسم وبدأ يتكاثر.

جهاز المناعة يتعامل معه (ممكن يظهر IgM أو IgG).

الشخص ما بحس بأي مرض — لا حرارة، لا ألم، لا وهن.

ممكن يكون الشخص carrier وينقل العدوى لغيره.


📌 Abortive infection

هي نوع خاص من subclinical infection
لكن أهم فرق:

العدوى تبدأ ثم تُجهض بسرعة قبل ما يقدر الفيروس/الميكروب يعمل replication كافي أو يسبب أعراض.

يعني:

الميكروب يدخل

يبدأ replication بسيط

الجهاز المناعي يوقفه بسرعة

العدوى تموت قبل ما تتطور


النتيجة:

لا أعراض

لا مرض واضح

قد يظهر evidence immunologic مثل أجسام مضادة

أحيانًا ما في detectable viremia لأن التوقف كان بدري جدًا












L Types of relationship

A. Saprophytlsm Living on dead or decaying organlc
matter. o
B. Parasitism — Living on/in another living organism -
there are different types of host-parasite relationships.

¢ » Commensalism — parasite  lives on/in  the host

At DU

oy without causing any disease.
e f> Opportunistic pathogen — The organism is @
sssss generally harmless, but can cause disease when it
gains access to other sites or tissues.
» Pathogenicity — It is the capacity of the microbial

specles to produce disease.
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📌 Opportunistic pathogen

هو كائن حي (بكتيريا، فيروس، فطر) يكون عادةً غير مؤذٍ
وممكن يعيش طبيعي في الجسم أو البيئة بدون ما يسبب مرض.

لكن…
إذا حصلت فرصة مناسبة → مثل انخفاض المناعة، أو دخول الميكروب إلى مكان غير مكانه الطبيعي → يتحول إلى ممرض ويسبب عدوى.

📌 المعنى الحقيقي للجملة:

> The organism is generally harmless, but can cause disease when it gains access to other sites or tissues

تعني:

هذا الميكروب طبيعيًا غير ضار، أو يعيش معنا بدون مشكلة (مثل microbiota).

لكنه يسبب مرض إذا:

دخل إلى مكان غير معتاد other sites

وصل إلى tissues لا يكون موجودًا فيها عادة

أو كانت مناعة الشخص ضعيفة

📌 متى يصبح الميكروب opportunistic؟

عند:

↓ المناعة (HIV, steroids, chemotherapy)

جرح أو عملية surgical wound

دخول الميكروب لمكان Sterile

استخدام antibiotics يغيّر توازن الفلورا



📌 خلاصة للحفظ:

Opportunistic pathogen = harmless normally + harmful when “opportunity” appears
أو
Non-pathogenic → becomes pathogenic if it enters wrong place or immunity is weak
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1. Microflora don’t cause disease.

2. Present in different body parts as ( Huge number in gj‘t[_earrgnt/[ggrt of body like
Gastrointestinal, small number in esophagus , and sterile Iii<e blood, bladder).

3. Inhibit pathogenic by competition, change pH to acidic, and produce toxic
substances (Bactericidal). =+~
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1CIn some cases like (Immune suppression), Commensals have the potential to
be pathogen.

2. Change habitat, during tooth extract some bacteria transfer from this habitat

to other, like Viridans streptococci which causes Subacute endocarditis. ™ & -

E.g: E.coli when changing natural habitat from GI to other tissues will cause o
disease like Urethra diseases.

Real Pathogen

g « Common pathogenic bacteria and their effects include Salmonella (food

3 poisoning), Helicobacter pylori (gastritis and ulcers), Neisseria

""" gonorrhoeae (sexually transmitted disease), Neisseria meningitidis
(meningitis).
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Stages of infectious process
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HOST RESERVOIR .
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SOURCES OF INFECTION

* Animal sources
» Normal flora. '~

> Animals in incubation period of disease.

> Animals with overt disease.

» Convalescent carrier animals — shedding of the pathogen occurs
for varying periods after clinical recovery.

> Contact carrier or subclinical infections — insects.

“* Inanimate sources (fomites) such as clothes, utensils, and furniture.)
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Modes of
Disease

- . . 5ieorl contact
Direct transmission /"

* This occurs through immediate,
close contact between an infected
person (or reservoir) and a
susceptible host. Physical touch,
Kissing, or sexual intercourse.

* Droplet transmission: Short-
distance spread through respiratory
droplets from coughing, sneezing,
or talking

In
1 & s \
Vector o Y
borne .
I_I_l
;i Mecanical J uBiological }

Indirect transmission

Airborne: Involves smaller particles that
remain suspended in the air for longer
periods and can be inhaled.
Vector-borne: An intermediate organism,
like a mosquito or tick. -

Vehicle borne: A non-living object, such as
contaminated food, water, or a fomite (an
inanimate object like a doorknob), carries
the pathogen. _,,.( ;0o
Fecal-oral: Pathogens from feces are
transmitted to the mouth, often through
contaminated food or water.
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Routes of Entry

» Inhalation (Respiratory tract)

» Ingestion (Gastrointestinal tract)

> Inoculation through the skin or mucous membrane
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> TranspIEEental
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» Hospital acquired infections - nosocomial infections.

» Physician induced infections - iatrogenic infections.
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PATHOGENICITY

It is the capacity or ability of the microbial species to
produce disease.

It is gualitative ~
Based onx¥
* Virulence factor
* The initial number of microorganisms.
 Immune status. . e
The "objective" of bacterla is to multiply rather than to
cause disease; It Is In the best interest of the bacteria not
to damage or kill the host.

A disease developed when the balance between
bacterial pathogenicity and host resistance 1s upset.
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Pathogenic bacteria grouped into three categories based on their invasive

properties for eukaryotic cells:

DA SR & anes) O 5

SN o ot K

» Extracellular (live and multiply outside host cells).

» ODbligate Intracellular (can only survive and reproduce within host

cells).

» Facultative Intracellular (can multiply both inside and outside of host cells).
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Rickettsia
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Francisella, Legionella,
Salmonella

cause disease by
releasing toxins that
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break down defenses
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| the bacterium Legionella/
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based on their invasive properties for eukaryotic cells


Pathogenic bacteria grouped into three categories


Extracellular


Obligate Intracellular


Facultative Intracellular


live and multiply outside host cells


can only survive and reproduce within host cells


can multiply both inside and outside of host cells


cause disease by


releasing toxins that damage host cells or break down defenses


based on their invasive properties


outside host cells


set of genes in the bacterium


essential for its ability to survive and multiply inside host cells


Legionella/


Salmonella






































“» The mechanisms for causing diseases

s
1. Direct damage of the host cells by producing(toxins, -

e.g., Clostridium tetani, which releases a neurotoxq that
causes uncontrollable muscle contractions. e
2. Indirect by stimulating high level host mflammatory and/
Immune response. e
* Resulting inflammation can cause significant
damage to tissues and organs, leading to symptoms
like pain, redness (erythema), and swelling (edema).
e.g., bacterial lipopolysaccharide

2
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VIRULENCE
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* Virulence refers to the degree or severity of the disease
caused (a quantitative property).
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Virulence can be expressed as: «- (.07

v LD, (lethal dose 50%): The number of

. f microorganisms or amount of toxin required to kill

50% of an infected group of hosts.

£S

v" IDg, (infectious dose 50%): The number of
microorganisms required to cause an infection (not
necessarily death) in 50% of an infected group of
hosts.
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Virulence Factors

+ The factors produced by a microorganism and induce pathology in a host.

¢ These factors help pathogen to:

(1) Invade the host,jf:\w
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(2) Cause disease, and

/7,7
(3) Evade host defenses . =

(g, g <)

Virulence factors are classified into two categories —

1. Structural. Virulence factors that promote bacterial colonization of the host:

»Adherence Factors e e cpue
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... » Invasion and/or Spreading Factors
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> Evasion of host immune responses

2. Products. Virulence factors that damage the host.

» Exotoxins

» Endotoxins
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Genetic Basis for Virulence

Virulence factors in

bacteria may be encoded

on

1
2.
3.
4

Chromosomal DNA,

Bacteriophage DNA,

Plasmids, or
Transposons. g
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1. Transfer virulence ‘
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Transduction
Transformation

Virulent E coli

2.Change to virulence

3. Intestinal disease
due to virulence

Adherence
Enterotoxins
Invasiveness
Cytotoxicity

e.g. - The heat-labile enterotoxin (LTI) of E coli is plasmid encoded.

- Diphtheria toxin of C.diphtheriae is coded by phage.

- The heat-labile toxin (LTII) is encoded on the chromosome.
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Factors for adherence with host cells - adhesins

adhesins in the
bacterial cell wall

a
1 - - Y
'Y
—

host cell membrane |

* Adhesins are proteins found on the cell wall of various bacteria that
bind to specific receptor on the surface of host cells and enable the
bacterium to adhere on the host in order to colonize and resist
physical removal.

 e.g. common fimbriae, capsule, biofilm, liptotechoic acid,
Fibronectin binding protein (FBP), etc.
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Adherence factors — FBP
(eg. Streptococcus pyogenes)

Streptococcus pyogenes
Streptococcus pyogenes uses fibronectin-
Intracellular binding proteins (FBPs) as key adherence
mvasion -
factors to bind to host cells
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Spreading Factors

« To facilitate pathogenic to invasion hosts by:
1. ~Specific enzymes that affect on the tissue and intercellular spaces,
thereby promoting the spread of the pathogen.
. Anti-phagocytic factors.

( deytededion
Hyaluronidase- depolymerizg hyaluronic acid, the Interstitial
cement substance of connective tissue; produced by streptococci,
staphylococci, and clostridia.

» Collagenase - breaks down collagen; produced by Clostridium
histolyticum and Clostridium perfringens.

» Neuraminidase - degrades neuraminic acid (also called sialic acid)
present on epithelial cells of the mucosa; produced by Vibrio
cholerae, Shigella dysenteriae

» Streptokinase and Staphylokinase - convert inactive plasminogen to
plasmin which digests fibrin.
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Enzymes (Degrade host tissue)
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Enzymes (Degrade host tissue)

Staphylokinase
(fibrinolysin)
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Enzymes (Degrade host tissue)
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Enzymes (Degrade host tissue)
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Anti-phagocytic factors

» Some bacteria have mechanisms which they initiate phagocytosis
Mi In non-phagocytic cells for invasion by:

-~ ® pinding to some receptor on cell, eg. Yersinia pestis or

ot - mocrphage
ﬁigf‘-'&il*.“ﬂ

zwz2 W Injecting Invasins, such as Type Il secretion system In
== bacterial cytoplasm, eg. Salmonella
» In either case changes in host cell cytoskeleton cause the bacteria to
be ingested.

» Some pathogens can utilize actin fibres intracellularly to move
through host cells (transcytosis), eg. Listeria monocytogenes

» Invasins may also mediate uptake of bacteria into professional
phagocytic cells In a way that bypass normal phagosome
formation e s
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The Type Ill Secretion system in Bacteria

* The bacteria having the type Il
secretion system on contact with
cells, delivers proteins into the
cells which cause
polymerization and
depolymerization of actin
filaments resulting In
cytoskeletal rearrangement.

Host Cell Membrane

Extracellular Space

Bacterial
Outer Membrane

Bacterial

Thus the invasins 1s able to trick the non-phagocytic cell into behaving like
a phagocyte and engulf the bacterium into phagosome like vacuole.

The bacteria then cause the vacuole membrane to rupture and escape into
the cytoplasm
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Transcytosis

A mucosal epithelial cell (M cell) Listeria monocytogenes
takes up pathogens from the gut
lumen via transcytosis.

M cells act as "gateways" for
Immune surveillance, but pathogens
like Listeria monocytogenes utilize
this entry point.

The pathogen is released at the
basolateral surface of the M cell,
where it is often in close contact
with a macrophage.

Once inside a host cell or the
receiving macrophage, the
bacterium can move and spread by
Inducing the polymerization of host
cell actin filaments, forming a
structure known as an actin tail.

M cell
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Anti-phagocytic factors

a protective layer

around the organism capsule\K—\

that prevent its
phagocytosis
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Anti-phagocytic factors

Cell wall Protein (M protein) of Streptococcus pyogenes

M protein
y prote

5. yogenes

» Remain closed in regions inaccessible to phagocytes. e.g. the
lumen of glands and the skin are not monitored by phagocytes.
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lumen of glands and the skin are not monitored by phagocytes




Bacterial Virulence Factors
that damage the Host



Bacterial Cell Wall Components that Promote Synthesis and Secretion
of Inflammatory Cytokines and Chemokines.
4

» LPS of Gram-negative bacteria, and teichoic acids and .~
glycopeptides of Gram-positive bacteria induces cytoklne
production and secretion.

» These cytokines, such as TNF-alpha, IL-1,IL-6, IL-8, and platelet-
activating factor (PAF) promote inflammation and lead to activation
of the complement pathways and the coagulation pathway.

» At moderate levels, inflammation, products of the complement
pathway are essential for body defense.

» However, excessive amounts of these products cause too much
Inflammatory response which leads to multiple organ system
faillure (MOSF) .

» In some bacteria, lipoproteins in the outer membrane may also play
a role in leading to excessive cytokine production.




Promote Synthesis


Bacterial Cell Wall Components


Secretion


of Inflammatory Cytokines and Chemokines


LPS 


teichoic acids


glycopeptides


bacteria induces cytokine


production


secretion


These cytokines


TNF-alpha


IL-1


IL-6


IL-8


plateletactivating factor 


promote inflammation
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coagulation pathway


moderate levels


inflammation,


products of the complement pathway


are essential for body defense


excessive amounts of these products


cause too much inflammatory response


leads to multiple organ system failure 


excessive amounts


MOSF


lipoproteins in the outer membrane


leading to excessive cytokine production






Harmful Effects of Glycopeptides and Teichoic
Acid Released During Gram-Positive Infections
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Toxin production by bacteria

Oral thrush

Help
bacteria to

produce
disease
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Toxin production


by bacteria


Exotoxin
1- Excreted by living

bacterial cells
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Cell wall

Endotoxin

1- Liberated when
the bacteria die
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Exotoxin

2- Controlled by
Chromosome,
Plasmid or phage

Bacterial DNA Plasmids

Endotoxin

2- Controlled by
bacteria chromosome
only
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bacteria chromosome only


Plasmid


phage


Exotoxin

3)Different types of
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toxin according -~

Ry ?\ é

to bacteria -

Cell wall

Endotoxin

3)Same toxin in
all bacteria

Endotoxin
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Exotoxin

4- Specific in Its
Action
Specific target

NO Fever

Endotoxin

4- Non specific in Its

s action
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Exotoxin

5- Protein in
nature

Strongly
antigenic

(so produce Protective antibodies)

Endotoxin

5- Lipopolysaccharides
In nature (lipid A)

Weakly
antigenic

Antibodies not protective
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Protein


Lipopolysaccharides


lipid A


Exotoxin Endotoxin

5- Protein in 5- Lipopolysaccharides
nature in nature (lipid A)
* Unstable to Heat ¢ Stable to Heat
»» Destroyed rapidly at 60°C » Stable at 100°C

(except staphylococcal enterotoxin) for 1 hour
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except staphylococcal enterotoxin


except staphylococcal enterotoxin


Exotoxin

6- Usually
by gram positive

’ 2 5
-sm@wwbact ; ectureanthrax

C. diphtheriae

Endotoxin

6- usually
by gram negative

V' W\

. " o b 1 'W \' ' d
RS \ '& "7

A L v L % x ¢

N 7 A ¢ \' \
W44 \ s Alw,
..((’K.V\ D \§‘~



gram negative


gram positive


Usually


usually


C. diphtheriae


E.coli


Exotoxin

7) converted Iinto
toxoids (\Vaccine)

Toxin Toxoid
) chemical Q
~ modification )

' toxin moiety v’ antigenic determinants

Endotoxin

7)Can not
be converted

to toxoids.
(No vaccine)
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Can not


be converted to toxoids


Exotoxin Endotoxin

8) High (fatal dose on the 8) LLow (fatal dose
order of 1 ug) on the order of
hundreds of
micrograms)
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Exotoxin Endotoxin
Typical diseases

9) 9)
Tetanus, Meningococcemia,
botulism, diphtheria sepsis by gram-

negative rods
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Tetanus


diphtheria
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Harmful Effects of LPS-Endotoxin
<

a. fever production e e 7y

b. inflammation

c. tissue destruction

d. respiratory distress

e. capillary damage (leading to petechial rash , capillary leakage, and
hypovolemia)

f. intravascular coagulation

g. hypotension

h. decreased cardiac output

. irreversible shock

j. wasting of the body

k. diarrhea (from endotoxin in intestines)

. allow bactena to cross the blood-brain barrier
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hypovolemia


endotoxin in intestines






Types of Exotoxins

On the basis of mode of action:

= super antigens, e.g. Toxic shock syndrome toxin-1 produced by
some strains of Staphylococcus aureus

= toxins that act on the extracellular matrix of connective tissue, e.g.
Clostridium perfringens collagenase

= A-B toxins, e.g. botulinum toxin

= exotoxins that damage host cell membranes, e.g. botulinum toxin

On the basis of site of action:

=cytotoxins, e.g.diphtheria toxin and erythrogenic toxins
"neurotoxins, e.g.botulinum toxin and tetanus toxin.

=enterotoxins, e.g. cholera toxin and staphylococcal enterotoxin
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Membrane damaging exotoxins

Examples:

= C. perfringens phospholipase or alpha toxin (lecithinase)

= |_eukocidin - Staphylococcus aureus and Streptococcus
pyogenes

= Elastase - Pseudomonas aeruginosa

= Haemolysins- Bacillus cereus

Quick Summary Table

Bacterium

C. perfringens Alpha toxin (lecithinase) Phospholipase; destroys  Necrosis, gas gangrene
phospholipids

Pore- forming; kills WBCs  Immune evasion
Breaks down elastin Tissue & vessel | damage

Iron release
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