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Pathogenesis of bacterial infection

Although most bacteria are harmless or often beneficial, some are pathogenic, with the
number of species estimated as fewer than a hundred that are seen to cause infectious
diseases in humans.

By contrast, several thousand species exist in the human digestive system without
causing disease.



The Canon of Medicine
القانون في الطب
 Avicenna (Ibn Sina) in 1025



Pathogenesis of bacterial infection

For bacteria to cause disease (to be pathogenic) , it needs to have some attributes to help
it reach the host and persist within the host and replicate, while causing harm (disease) to
the host. Characteristics of bacteria that are pathogens are sometimes referred to as
virulence factors -but can be shared with non-pathogenic bacteria- and include:

• transmissibility,
• adherence to host cells
• motility
• persistence
• invasion of host cells and tissues
• Toxigenicity
• Iron uptake mechanisms
• the ability to evade or survive the host’s immune system.
• Resistance to antimicrobials and disinfectants.



Transmission

• Bacteria can adapt to a variety of environments that include external sources such as soil,
water and organic matter or internal milieu as found within insect vectors, animals and
humans.

• By producing asymptomatic infection or mild disease rather than death of the host,
microorganisms that normally live in people enhance the possibility of transmission from
one person to another.

• The clinical manifestations of diseases (eg, diarrhea, cough, genital discharge) produced
by microorganisms often promote transmission of the agents.

• The respiratory (upper and lower airways), gastrointestinal (primarily mouth), genital,and
urinary tracts. Abnormal areas of mucous membranes and skin (eg, cuts, burns, and other
injuries) are frequent sites of entry.





Transmission
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Adhesion

• Bacteria also have specific surface molecules that interact with host cells. Many bacteria
have pili, thick rodlike appendages or fimbriae, shorter “hairlike” structures that extend
from the bacterial cell surface and help mediate adherence of the bacteria to host cell
surfaces

• When bacteria enter the body of the host, they must adhere to cells of a tissue surface. if
they did not adhere, they would be swept away by mucus and other fluids that bathe
the tissue surface.



Pili (fimbria)

Composed of structural protein subunits termed pilins.
Minor proteins termed adhesins are located at the tips
of pili and are responsible for the attachment properties.

Two classes can be distinguished: ordinary pili, which play a role
in the adherence of symbiotic and pathogenic bacteria to
host cells, and sex pili, which are responsible for the attachment
of donor and recipient cells in bacterial conjugation.
Pili inhibit the phagocytic ability of leukocytes.

Their tips strongly adhere to surfaces at a distance
from the cells. Pili then depolymerize from the inner end,
thus retracting inside the cell. The result is that the bacterium
moves in the direction of the adhering tip. This kind of surface
motility is called twitching and is widespread among
piliated bacteria. pili grow from the inside of the cell outward.



Motility

• A huge advantage for bacteria to reach the host, and manoeuvre in the host and evade
the immune system is for a bacterium to be motile – to have the ability to direct its own
movement.

• The bacterial flagellum is an amazingly complex molecular machine with a diversity of
roles in pathogenesis including reaching the optimal host site, colonization or invasion,
maintenance at the infection site, and post-infection dispersal



Flagella

• Bacterial flagella are thread-like appendages
composed of a protein subunit called flagellin.

• Rotation is driven by the flow of protons into the
cell down the gradient produced by the primary
proton pump

• highly antigenic (H antigens) (immune responses
to infection can be directed against these proteins).

• chemotaxis: the net movement of the cell toward
the source (a sugar or an amino acid). cell behavior
brought about in response to a change in the
environment is called sensory transduction.



Invasion

Invasion can happen through tight junctions of
epithelial surfaces, or through internalization into
epithelial cells.

In-vitro models and knockouts are important in
understanding the process of invasion.

Active process between cells and pathogen.
Usually requires actin polymerization

Once inside the cells, the bacteria can be
transported by vesicles to the lysosome, or can
remain or escape the vesicles to multiply in the
cytoplasm, or be released to the extracellular
space to invade other cells. Bacteria can also
induce apoptosis in cells they invade.





Toxins/ Exotoxins

Exotoxins (secreted actively, by contact only, or
by cell death) or endotoxins (part of bacterial
cell wall) .

Exotoxins are bases for some vaccines (toxoids)

Made of A (toxic activity) and B (helps
attachment and internalization into cells)
subunits.

Exotoxins associated with diarrheal diseases
are frequently called enterotoxins.





Secretion systems

Bacterial secretion systems are protein complexes present on the cell membranes of
bacteria for secretion of substances. Specifically, they are the cellular devices used by
pathogenic bacteria to secrete their virulence factors (mainly of proteins) to invade the
host cells. They can be classified into different types based on their specific structure,
composition and activity.

Type III secretion pathway is a contact-dependent system. It is activated by contact with a
host cell, and then injects a toxin protein into the host cell directly.

The type I and IV secretion systems have been described in both gram-negative and gram-
positive bacteria, but the type II, III, V, and VI secretion systems have been found only in
gram-negative bacteria.





Secretion systems



Toxins/ Endotoxins

The LPS (endotoxin) of gram-negative bacteria are bacterial cell wall components that are
often liberated when the bacteria lyse.

The substances are heat-stable.

In response to LPS, proinflammatory cytokines such as IL-1, TNF-α are released, and the
complement and coagulation cascades are activated.

The following can be observed clinically or experimentally:
fever, leukopenia, and hypoglycemia; hypotension and shock resulting in impaired
perfusion of essential organs (eg, brain, heart, kidney); intravascular coagulation; and death
from massive organ dysfunction.

On the other hand peptidoglycan released from gram-positive bacteria can cause similar
immune responses, but much less potent than endotoxin (LPS).









Iron uptake mechanisms

• Most of the iron in a mammalian body is complexed with various proteins. Moreover, in
response to infection, iron availability is reduced in both extracellular and intracellular
compartments.

• Bacteria need iron for growth and successful bacterial pathogens have therefore evolved
to compete successfully for iron in the highly iron-stressed environment of the host's
tissues and body fluids, for example, through production of siderophores.

• Siderophores (Greek: "iron carrier") are small, high-affinity iron-chelating compounds
secreted by microorganisms such as bacteria and fungi .





Evasion of the host immune system

Pathogenic bacteria can evade phagocytosis in many ways, examples include capsule production, Protein A  in
Staph aurues binds antibodies in an inactive manner.  Some bacteria produce proteins that inhibit
complement activation, therby decresing immune signaling and opsonization* of bacteria. Intracellulaly some
bacteria inhibit phagolysosome fusion.

* Opsonization is the process in which bacteria is covered by substances to enhance phagocytosis. For example,
antibodies bound on bacterial surface, as well as activated complement components depositing on bacterial
surfaces are considered ”opsonins” since the make the bacteria easier to phagocytose.



Enzyme production

Pathogenic bacteria produce enzymes to
degrade tissues and spread infection. E.
g Hyaluronidase and collagenase are
enzymes that hydrolyze hyaluronic acid
and collagen respectively, constituents
of the ground substance of connective
tissue.

Bacteria produce cytolysins which
directly kill cells usually by forming
pores in their membranes (e.g.
hemolysins, leukocidins).



Pathogenicity islands

Chromosomal or extra chromosomal discrete
genetic units that encode genes that aid in the
virulence of a bacteria by coding for adhesins,
secretion systems (like type III secretion system),
toxins, invasins, capsule synthesis, iron uptake
systems .

Absent in non-pathogenic bacteria. Virulence
genes are usually activated by environmental
cues (e.g. Temperature change).

Commonly found on mobile genetic elements
(passed through plasmids, transformation,
transduction, transposons), the G-C content of
pathogenicity islands is usually different from the
rest of the genome.



Bacterial communities / Biofilm and pathogenesis

A biofilm is an aggregate of interactive bacteria attached to a solid surface or to each other and encased in EPS.
The cells within the biofilm produce the EPS (extracellular polymeric substances) components, which are typically a
polymeric conglomeration of extracellular polysaccharides, proteins, lipids and DNA
Biofilms may form on living or non-living surfaces and can be prevalent in natural, industrial and hospital settings.
Helps in persistence on surfaces, evasion of the immune response and antimicrobial resistance and dissemination.



Bacterial communities / Quorum sensing and pathogenesis





Further reading and material:

• Jawetz, Melnick & Adelberg's Medical Microbiology, 26th edition-
Section 3: Bacteriology

          Chapter 9: Pathogenesis of bacterial infections


