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- In the last lecture we talked about the Microbiota, and we identified it as the collection 

of all microorganisms (including bacteria, fungi, and viruses) that reside within a certain 

part or organ in our bodies. In today’s lecture we’re going to talk about the pathogenicity 

of bacteria and how it infects us.  

- Most bacteria are harmless or often beneficial (e.g. the microbiota in the gut), only a 

minority are pathogenic (disease causing).  

- Several thousand species exist in the human digestive system without causing disease. 

In contrast, the number of species that are seen to cause infectious diseases in humans 

are estimated as fewer than a hundred.  

- So the main idea here is that there isn’t 

a conscious mechanism for 

Pathogenicity, it’s not directed by the 

microbe or even the host itself, the 

bacteria basically sends signals to get to 

their nutrients, and whenever the host 

senses the signals it will miss interpret these signals as danger and will recruit the 

immune system causing the manifestations of the disease.  

- In order for a bacterium to cause a disease it needs 3 factors:  

 Organism 

 Host 

 Environment (in which the microbe and the host cell meet, e.g. if they meet in 

the skin there wouldn’t be a problem, if they meet in GI tract it would cause a 

disease). 

- These 3 factors would give us 3 possibilities:  

 Infection 

 Colonization ( may be part of the microbiota or a dormant colonized pathogen ) 

 Elimination 
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- This was mentioned in Ibn Sina’s book 1000 thousand years ago:   

 

-Before we move on we have to clarify some terms: 

- a Pathogen is a microorganism in which when it meets the host cell it will cause a 

disease, Microbiota are microorganisms in which when they meet the host cell they’d 

be harmless or even beneficial. 

- Opportunistic Pathogen is a microorganism in which usually when it meets the host 

cell it wouldn’t cause a disease unless the host was immunocompromised, e.g. a 

pathogen called Pseudomonas Aeruginosa, in healthy individuals it’s very rare to cause 

infection, but in people who are suffering from burns the integrity of the epithelial skin 

surface is compromised which will may lead to an infection by pseudomonas aeruginosa 

- Pathogenesis of bacterial infection 

- For a bacterium to cause disease (to be pathogenic), it needs to have some attributes 

to help it reach the host, 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, and they 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.  

(Pathogen) 

(Immune system) (Environment) 
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- Some of the Virulence factors can be shared with non-pathogenic bacteria 

(microbiota), such as: Transmission, adhering, motility.  

- Virulence factors can be referred to as steps of infection (although sometimes 

the order of these steps can be disturbed). 

- Transmission  

- Bacteria can come from variety of sources, such as: soil and animals. We refer to 

the bacteria that are found everywhere as ubiquitous, e.g. Clostridium bacteria 

- 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. (The bacteria could be pathogenic or reside as normal flora in 

their original source)  

- The clinical manifestations of diseases (e.g.  diarrhea, cough, genital discharge) 

produced by microorganisms often promote transmission of the agents.  

- The diseases that cause less symptoms are 

easier to be transmitted because it would not kill 

the host, so there’s more time for the pathogen 

to thrive, hence be transmitted. Besides, the 

infected individual wouldn’t notice the infection 

he has which will make him interact with others 

normally; thus promoting the infection.  

- The first picture on the right illustrates a man 

sneezing, the respiratory droplets coming out 

could reach up to 3 meters, these drops could 

carry the pathogen, and depending on the type of 

pathogen the inoculum dose differs.  

(Certain pathogens need a higher inoculum dose to infect the host, others with lower 

inoculum dose need only few droplets to infect)  
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- The sites where the bacteria enter the host body are 

called Sites of entry.  The respiratory (upper and 

lower airways), gastrointestinal (primarily mouth), 

genital, and urinary tracts. Abnormal areas of mucous 

membranes and skin (e.g. cuts, burns, and other 

injuries) are frequent sites of entry.  

- In contrast to the portals of entry, there are portals 

of exit, where the bacteria exits the body. Usually, 

bacteria is carried out with a certain secretion, e.g. 

Tears, Saliva, Feces 

- Adhesion  

- Viruses need a primary site of infection, they have 

specific binding receptors which facilitates their 

entrance to the host cell. In contrast, bacteria have 

general appendages for attachment (it also lead by 

receptors to a smaller extent).  

- Bacteria are more versatile when it comes to 

adhesion, they have the Fimbria (Pili) that help 

them to attach to surfaces, because adherence is an 

essential step for infection. 

 - The bacteria wouldn’t be swimming around in an open space in the body because 

there’s a continuous movement in the body, e.g. in the GI tract there’s peristalsis, and in 

the respiratory tract we have cilia continuously moving mucous. If any fluid in the body 

becomes stagnant it would be susceptible for infection. 

-In Cystic Fibrosis when the respiratory mucous becomes thick and sticky it would be a 

potential infection site. Another example is in the urinary bladder, the urine is 

continuously flushing out any potentially infection causing pathogen, if there was a 

problem in urine secretion the bladder would a potential site of infection. It can even 

happen in the blood in individuals that have congenital anomalies in certain valves, the 

blood will become stagnant and will clot making it a place to establish infection.  

- Pili is Composed of structural protein subunits (monomers) termed pilins. At 

the tips of the pili minor proteins termed Adherins are responsible for the 

attachment properties.  
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- The formation of pili is a polymerization process, in which pilins are added from 

the inside out (the pilins are added intracellularly and the pili will extend 

extracellularly).  

- The process of adhesion is mediated by the attachment 

of proteins on the tips (Adhesins) of pili with the surface, 

this will induce depolymerization of the monomers from 

inner end shortening the pili.  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 are also used in inhibiting the phagocytotic activity, probably by interfering 

sterically or physically with phagocytotic cells of the host. 

- Motility 

 A huge advantage for bacteria to reach the host, 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.  

- keep in mind that not all bacteria are motile but all of them can adhere 

- The bacterial flagellum (plural is Flagella) is a 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.   

- There’s a microorganism called H pylori which establish colonization in the 

stomach, it uses its flagella to dig into the mucous of the stomach to hide from the 

acidic environment. 

    

- As we took before, we can classify bacteria 

according to their number of flagellum and 

their distribution.  
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- Bacterial flagella are thread-like appendages composed of a protein subunit 

(monomer) called flagellin.  

- As we took before, the bacteria contain certain antigens that are recognized by the 

human immune system, e.g. the O antigen (cell wall), the highly antigenic H antigen 

(flagella) immune responses to infection can be directed against these proteins. 

- The mechanism of how flagella work depends on a proton gradient in the 

periplasmic space, protons start to go down their electrochemical gradient, into the 

cell and by doing that they activate a motor that will cause the flagellum to rotate so 

as to move the bacteria in certain direction. 

- The direction in which the bacterium moves depends on 

the availability of nutrients. Meaning that the bacterium 

can sense where the nutrients are, and moves towards 

them in a process called Chemotaxis. 

-  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 

- Some bacteria invade the host cell after they adhere to it, but it’s not obligatory to 

do so, bacteria follow various infection pathways unlike viruses which is obligated to 

certain life cycle. 

- Some bacteria adhere to the host cell and establish infection in the extracellular matrix 

(superficial infection), others invade the host cell and reside intracellularly, some other 

types could cross through cells to reach a deeper tissue, some types can do all of the 

following. Depending on the virulence factor the bacterium has, e.g. Staph. Aureus, could 

change its behavior (Staph. aureus is usually an extracellular pathogen, but with certain 

virulence factors it becomes better intracellularly, or it can become invasive).  

- The invasion process is referred to as an Active process between cells and 

pathogen, usually requires actin polymerization (induces changes in the exoskeleton 

to facilitate the entrance of the pathogen). 
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- Invasion can happen through tight junctions of epithelial surfaces, or through 

internalization into epithelial cells, it can happen in various tissues even immune 

cells. 

- 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.   

- In the Shigella example we have here, the mechanism of invasion is illustrated.  

Firstly the shigella slightly adheres to the cell surface causing membrane ruffling, then it 

gets internalized into M cells, and through it, Shigella reaches the macrophage where it 

lyses the phagosome and induces macrophage apoptosis (it gets out of the phagosome 

before it merges with the lysosome) and goes into the cytoplasm, activating certain 

pathways that kill the macrophage.  

-As the macrophage is dying it will release 

IL-1, together with other cells. IL-1 would 

draw in polymorphic mononuclear cells 

(PMN) e.g. Neutrophils, these cell that are 

recruited by the immune system (to kill the 

pathogen) will disturb the tight junction, 

allowing the shigella to even migrate 

through these disturbed junctions, and 

invade deeper into the tissue. 

-Bacteria can also move from one cell to 

another, having intercellular spread by 

repolymerizing the actin. They might 

replicate there or even induce apoptosis.  

 

 

-Toxigenicity/ Exotoxins  

-Another virulence factor that bacteria share is the production of toxins. Toxins are 

divided into exotoxins which are actively secreted by contact or by cell death, and 
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endotoxins which are parts of the bacterial cell wall eg: LPS that is found in Gram negative 

bacterial cell wall. 

-Each exotoxin works differently (as seen in the table below); however, most of them 

share the same structure of having two subunits: A subunit for toxic activity and B subunit 

for binding to target cell receptor. 

-By referring to diphtheria toxin, we notice the two subunits, A and B, along with a target 

cell receptor which is usually different among different exotoxins. The mechanism starts 

with Diphtheria toxin’s receptor-binding domain (B subunit) attaching to the receptor on 

host membrane, then the toxin (A+B subunits) gets internalized into the cell by the 

process of endocytosis, forming a vesicle. Afterwards, the A subunit gets cleaved due to 

changes occurring in the phagosome such as acidification, and passes through the vesicle 

membrane into the cytosol to cause its toxic effects, which in the case of Diphtheria are 

the inhibition of protein synthesis (translation) by affecting an elongation factor, leading 

to the death of the cell.  

-Exotoxins that affect the GIT, and thus are associated with diarrheal diseases are known 

as enterotoxins. (The prefix entero- means it affects the GIT) 

-Some exotoxins can be weakened through heating or denaturation to form toxoids, 

which are bases for some vaccines (eg: Tetanus vaccine). This is due to the fact that 

exotoxins are basically foreign antigens that are capable of inducing the immune system.  

 

 

 

 

 

 

 

 

 
PS: the table isn’t required from us now; however, the doctor referred 

to diphtheria toxin for the example above. 
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-Secretion System 

-Substances, including toxins, are actively secreted outside the bacterial cell through 

secretion systems which are protein complexes present on the cell membranes of 

bacteria (spanning the membrane). These systems allow bacteria to efficiently introduce 

their toxins into the environment. Basically, they are considered from the virulence 

factors of bacteria, suggesting that if a bacterium has more than one secretion system, it 

is more virulent.  

-A lot of of the secretion systems depend on the presence of ATP for their activation 

although there are some that depend on chaperones which have the function of carrying 

the toxin protein to the system to be secreted to the extracellular compartment. 

Types of secretion systems:- 

 

 

 

 

 

 

Stressing on type III pathway since it is associated with many pathogenic bacteria:- 

Type III secretion pathway: known as contact-dependent system due to the fact that it 
gets activated by the contact of the bacterium with a host cell. It is a needle-like 
structure that injects toxin proteins through its piston either directly into the host cell 
or in the vicinity of the cell. 

Different secretion systems are found in different bacteria. For instance, type I and IV 
secretion systems have been described in both gram-negative and gram-positive 
bacteria. While type II, III, V, and VI secretion systems, they have been found only in 
gram-negative bacteria. (Notice that gram-negative bacteria has more secretion 
systems than gram-positive) 

-Enterotoxins that are found in the GI tract depend on type III system found in bacteria 
such as Shigella species, Salmonella species and E.coli. 
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As seen, there are several 

bacteria with different 

secretion systems.  

 

 

-Toxins/ Endotoxins  

-Endotoxins such as lipopolysaccharides of gram-negative bacteria are bacterial cell 

wall components that are liberated when the bacteria lyse.  

-In comparison to exotoxins, endotoxins are rather more heat-stable.  

-In addition, LPS is highly immunogenic, and causes severe immune responses. 

Basically, LPS is detected by sensors like TLR which get the immune system activated, 

and thus lead to the production of proinflammatory cytokines such as IL-1 and TNF-α 

which, as a result, causes the activation of complement and coagulation cascades. 

(Some of the complement component such as MBL (mannose-binding lectin) can 

recognize sugar moiety and activate the complement system).   

The following downstream effects can be observed: 

-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. 

-The endotoxin peptidoglycan released from gram-positive bacteria can cause similar 

immune responses, but much less potent than endotoxin (LPS). 

-The image demonstrates the structure of the 

endotoxin (LPS) found on the outer membrane 

of gram negative bacteria, E.coli, which consists 

of: 

 lipid A, oligosaccharide and O-Antigen. 

 

 



11 | P a g e 
 

-Effects of LPS: 

-Immune and non-immune cells that have 

receptors such as TLR get activated; for example, 

neutrophils, macrophages, endothelial cells and 

mast cells. Consequently, they activate cascades of 

inflammatory events with the release of the 

cytokines, TNF and IL-1, which result in fever as 

they act upon the hypothalamus, as well as the 

release of acute phase proteins from the liver 

(systemic protective effects). 

-LPS also activates platelets and clotting leading to 

DIC thrombosis. Additionally, it activates the 

alternative complement pathway, inducing the 

release of complement C3a and C5a.  

- It is quite problematic if gram negative bacteria were found in the blood, because then 

there will be continuous activation of the complement system, releasing C3a and C5a 

which lead to the increase in vascular permeability and the decrease of vascular pressure 

(hypotension) causing the body to enter a condition known as shock. 

The following table illustrates the differences between exotoxins and endotoxins 

 

 

  

  

 

 

 

  

 

 
PS: the doctor only talked about the differences within the red border.  

 

(LPS) 

The ones labile/sensitive 

to heat are sometimes 

used as toxoids for 

vaccines. Although there 

are some that are stable 

with heat. 

Since endotoxins 

are an integral part 

of the cell wall, they 

can’t be controlled 

by plasmids or else 

the bacteria might 

lose it. Therefore, it 

is directed by 

chromosomal 

genes. 

Since exotoxins are not 

essential for the 

survival of the bacteria, 

they can be controlled 

by plasmids, and thus 

be acquired by other 

bacteria  

Through secretion 

systems  
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-To further emphasize the concept of exotoxins being transferred from one bacterium to 

another using plasmids, an example can be given regarding the bacterium Vibrio cholerae 

which causes cholera. Some of this bacterium swim freely while causing no harm; 

however, they acquire few genes through transduction (with the help of bacteriophage) 

which transfers genes of toxic bacteria responsible for the production of toxin into 

nontoxic bacteria, converting the nontoxic bacterium into toxic vibrio cholerae that 

causes disease. In other words, such plasmids are capable of changing nonpathogenic 

bacteria into pathogenic bacteria by giving them virulence factors. 

 

-Iron Uptake mechanisms 

-Moving on to another characteristic of pathogenic bacteria, iron uptake is necessary for 

the growth and survival for bacterial, which is why the availability of iron in a mammalian 

body is reduced in both extracellular and intracellular compartments in response to 

infection. (to fight the infection) 

-In good normal conditions, iron is attached to transporter protein such as transferrin 

and lactoferrin for the purpose of sequestering the iron content into a compartment not 

available for bacteria. For that reason, bacteria have evolved to compete for iron, and 

steal it through the production of siderophores. 

-Siderophores are small, high-affinity iron-chelating compounds; meaning that they strip 

the iron out of the transporter. But at the same time, host cells produce proteins that can 

take away siderophores altogether. To overcome this, some bacteria can produce stealth 

siderophores that cannot be detected by the immune cells; hence, take the extracellular 

iron. 

 

- d
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