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How bacteria evade and survive the host’s immune system 

 

A-Preventing phagocytosis 

Pathogenic bacteria can evade phagocytosis in many ways: 

-Staphylococcus aureus has protein A on its surface that prevents 
antibodies from binding properly. 

-Bacterial capsules are one of the most external structures on the 
bacterial surface, which may completely surround all the antigenic 
molecules and prevent the immune system from identifying them. 

 

 

  

 

 

 

 
-Some bacteria live and grow in the hostile environment within macrophages or 
monocytes. The bacteria accomplish this by preventing phagosome–lysosome fusion 
and live within the phagosome. 
 

-Some bacteria produce proteins that inhibit complement activation. They decrease the 
immune system’s signaling and opsonization. 

 

 

Opsonization is a term used to describe how antibodies and activated complement 
components can enhance phagocytic engulfment of microbes. 

The complement system is a part of the immune system that enhances the ability of 
antibodies and phagocytic cells to clear microbes and damaged cells from an organism.  
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B-Enzyme production  

 

-Some bacteria produce the proteolytic enzyme 
collagenase, which degrades collagen, the 
major protein of fibrous connective tissue, and 
promotes spread of infection in tissue. 
 
-Hyaluronidases are enzymes that hydrolyze 
hyaluronic acid, a constituent of the ground 
substance of connective tissue. They are 
produced by many bacteria and aid in their 
spread through tissues. 
  
 
 
- S aureus produces coagulase, which 
works in conjunction with blood factors to 
coagulate plasma (forms blood clots). 
Coagulase contributes to the formation of 
fibrin walls around staphylococcal lesions, 
which may help protect them from 
phagocytosis or from destruction within 
phagocytic cells. 
 
 
 
- Many hemolytic streptococci produce streptokinase (fibrinolysin), a substance that 
activates a proteolytic enzyme of plasma. This enzyme is then able to dissolve 
coagulated plasma and probably aids in the rapid spread of streptococci through 
tissues.  
 
 
Streptokinase has been used in treatment of acute myocardial infarction to dissolve  
fibrin clots.  
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-Some bacteria produce cytolysins, which kill cells directly by forming pores in their 
membrane.  
Hemolysins dissolve red blood cells. Leukocidins kill leukocytes. Streptolysin O is 
produced by group A streptococci and is lethal for mice and hemolytic for red blood 
cells from many animals. 
 
 
- Antibodies rely on specialized receptors known as pattern recognition receptors 
(PRRs), which recognize specific pathogen-associated molecular patterns on bacteria. 
Bacteria can produce enzymes (proteases) that break down antibodies like IgA 
protease. IgA1 protease is an important virulence factor of the pathogens 
 N gonorrhoeae and N meningitidis. 
 
 
 

Graft-versus-host disease (GVHD) is an immune condition that occurs after transplant 
procedures when immune cells from the donor attack the recipient patient host's 
tissues. IgA protease can be given to patients to help in treating this condition.  
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C- Biofilms (bacterial communities) and quorum sensing  
 
-A biofilm is an aggregate of interactive bacteria attached to a solid surface or to each 
other and encased in (EPS) extracellular polymeric substances (polysaccharides, lipids, 
proteins, DNA). 
 
- A single species of bacteria may be involved or more than one species may 
coaggregate to form a biofilm.  
 
-Biofilms help in the evasion of the immune system, persistence on surfaces, 
antimicrobial resistance and dissemination (spreading bacteria). 
 
-The slimy EPS covering can act as a protective barrier. It can help prevent dehydration 
or act as a shield against ultraviolet (UV) light. Also, harmful substances such as 
antimicrobials, bleach or metals when they come into contact with the EPS are diluted 
to concentrations that aren't lethal well before they can reach various cells deep in the 
biofilm 
 
-Some of the bacteria within the biofilm show marked resistance to antimicrobials 
compared with the same strain of bacteria grown free living in broth, which helps to 
explain why it is so difficult to treat infections associated with biofilms. 
 
-Biofilms can also exist on nonliving surfaces like plastic catheters that are injected into 
patients’ blood vessels. 

 
Quorum sensing 
-Quorum sensing (QS) is a bacterial cell–cell 
communication process that involves the production, 
detection, and response to extracellular signaling 
molecules called inducers.  
 
-Inducers accumulate in the environment as the 
bacterial population density increases, and bacteria 
monitor this information to track changes in their cell 
numbers and collectively alter gene expression. 
Quorum sensing controls genes that direct activities 
that are beneficial when performed by groups of 
bacteria acting in synchrony.  
 
-Processes controlled by QS include, biofilm formation, and virulence factor secretion. 
Gram-positive and Gram-negative bacteria use different types of inducers.  
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   D- Pathogenicity Islands 
 
-Discrete genetic units that are associated with 
pathogenicity and are located on the bacterial 
chromosome.  
 
-They code for adhesins, toxins, invasins, 
capsule synthesis, iron uptake systems, and 
secretion systems.  
 
-They are present in the genome of pathogenic 
members of a species but absent in the 
nonpathogenic members. Virulence genes are 
activated when the environment changes   
(pH, temperature,…). 
 
-They typically have a different guanine and cytosine (G + C) content than the rest of 
the bacterial genome. 
 
-They are often found with parts of the genome associated with mobile genetic 
elements (passed through plasmids, transformation, transduction, transposons). 
Through horizontal gene transfer, nonpathogenic bacteria can become pathogenic as 
seen in Griffith’s experiment.  
 
 
The Requirement for Iron 
 
-Iron is an essential nutrient for the growth and metabolism of nearly all 
microorganisms and is an essential cofactor of numerous metabolic and enzymatic 
processes.  
-The availability of iron in humans for microbial assimilation is limited because the iron 
is sequestered by the high-affinity iron-binding proteins transferrin and lactoferrin. 
-The ability of a microbial pathogen to efficiently obtain iron from the host environment 
is critical to its ability to cause disease. 
-Bacteria devise ways to obtain iron from the host and the host always tries to limit the 
amount of iron available for bacteria during infection.  
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Microbiota 
 

The microorganisms (bacteria, yeast, fungi) that live inside and on humans. 

 
 
-The relationship between microbiota and humans can 
be described as a mutualistic relationship. 
 
 
-the ratio of body cells to bacterial cells is almost 1:1. The 
number of bacteria is slightly higher.  
 
-Research has shown that the “normal microbiota” provides a first line of defense 
against microbial pathogens, assist in digestion, play a role in toxin degradation, and 
contribute to maturation of the immune system.  
 
-Changes in the normal microbiota affects the organism and may cause diseases. 
 
-There are resident and transient microbiota.  
 
The resident microbiota consists of relatively fixed types of microorganisms regularly 
found in a given area at a given age; if disturbed (when you clean your hands for 
example), it reestablishes itself. 
 
The transient microbiota consists of nonpathogenic or potentially pathogenic 
microorganisms that inhabit the skin or mucous membranes for hours, days, or weeks. 
The transient microbiota is derived from the environment and does not establish itself 
permanently on the surface. 
 

 
 
 
 
 
 
 
 
 
 
 

Example of a mutualistic relationship 
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HUMAN MICROBIOME PROJECT 
 
-In a broad attempt to understand the role played by 
resident microbial ecosystems in human health and 
disease, in 2007, the National Institutes of Health 
launched the Human Microbiome Project.  
One of the main goals of this project is to understand 
the range of human genetic and physiologic diversity, 
the microbiome, and the factors that influence the 
distribution and evolution of the constituent 
microorganisms. 
 
-One aspect of this project involves having several research groups surveying the 
microbial communities on human skin and in mucosal areas such as the mouth, 
esophagus, stomach, colon, and vagina using small-subunit (16S) ribosomal RNA gene 

sequencing, and mass spectrometry.  

Culturing cannot be used, it will under represent the variation in microbiome since not 
all microbes are culturable. 
 
-Among the questions that will be addressed by this project are:  
How stable and resilient is an individual’s microbiota throughout one day and during his 
or her lifespan?  
 
How similar are the microbiomes between members of a family or members of a 
community or across communities in different environments?  
 
Do all humans have an identifiable “core” microbiome, and if so, how is it acquired and 
transmitted? 
 
What affects the genetic diversity of the microbiome?  
 
How does this diversity affect adaptation by the microorganisms and the host to 
markedly different lifestyles and to various physiological or pathophysiological states? 
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Skin microbiota  
 
-Despite the harsh environment of skin 
(acidic, dry, nutrient poor, presence of 
lysozymes and antimicrobial peptides), 
it is colonized by a diversity of 
microbiota.  
 
-There are different factors that affect 
the type of bacteria on the skin like the 
presence of hair and sebaceous glands.  
 
-The skin is particularly apt to contain 
transient microorganisms. Nevertheless, 
there is a constant and well-defined 
resident flora, modified in different 
anatomic areas by secretions, habitual 
wearing of clothing, or proximity to 
mucous membranes (mouth, nose, and 
perineal areas). 
 
 
-The number of superficial microorganisms may be diminished by vigorous daily 
scrubbing with soap, but the flora is rapidly replenished from sebaceous and sweat 
glands even when contact with other skin areas or with the environment is completely 
excluded. 
 
-In addition to being a physical barrier, the skin is an immunologic barrier. Keratinocytes 
continuously sample the microbiota colonizing the skin surface. 
 
-Normal microbiota help in fighting pathogenic bacteria by competing with them for 
nutrients. Skin microbiota can also secrete molecules that kills pathogenic bacteria. 
 

-Skin microbiota will become pathogenic to the body if found in other places like blood. 
Some blood infections are caused by the presence of staphylococci epidermidis in 
blood. 
 
-The predominant resident microorganisms of the skin are aerobic and anaerobic 
diphtheroid bacilli (eg, Corynebacterium, Propionibacterium (involved in acne)); 
nonhemolytic aerobic and anaerobic staphylococci Staphylococcus epidermidis and 
other coagulase-negative staphylococci. 
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Gut microbiota 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-Lactobacilli is abundant in the gut. 
 
Functions of microbiome in the gut:  
 
-Protective; in which the resident bacteria displace and inhibit potential pathogens 
indirectly by competing for nutrients or directly through the production of 
antimicrobial factors. 
 
-Synthesis of essential vitamins (vitamin K and B12). 
 
-Development of the immune system by training the immune system in recognizing 
pathogens. 
 
 Hygiene hypothesis suggests that If the environment is "too clean," the immune 
system will not mature properly, and may not react appropriately when the person’s 
immune system encounters pathogens. The immune system needs to be in contact 
with bacteria, so it can recognize the pathogenic ones when encountered.  
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-Obese and diabetic people will have a different type of microbiota in the gut. 
Hyperglycemic diets promote the existence of a certain type of microbes that will 
propagate the problem. Fat storage will be affected greatly.  
 
 
Long term administration of antibiotics will cause loss of gut’s microbiota. This can be 
treated by: 
 
-Fecal microbiota transplantation (FMT) also known as stool transplant is the process 
of transplantation of fecal bacteria from a healthy individual into a recipient. It has been 
used successfully as a treatment for patients suffering from C difficile infection. 
The hypothesis behind the success of FMT rests on the concept of bacterial 
interference, ie, using harmless bacteria to displace pathogenic bacteria. FMT will 
restore the colonic microbiota to its natural state. 
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-Biobanks (still under research): 
Microbiota from a healthy individual’s gut is stored in biobanks and analyzed to be used 
later if that individual faces intestinal diseases. The original microbiome of that person 
will then be restored.  
 
 -Probiotics can be prescribed with antibiotics to prevent severe loss of intestinal 
microbiota. Probiotics are live bacteria and yeasts (example: lactobacilli). 
 
 

Urogenital tract microbiota 
 
-It was previously thought that urine is sterile(doesn’t contain microbes) and the 
bacteria found in urine samples come from the tip of the urethra, but recen studies 
showed otherwise.It turned out that urine does have its own microbes.  
  
-Soon after birth, aerobic lactobacilli appear in the vagina and persist as long as the pH 
remains acidic (several weeks). When the pH becomes neutral (remaining so until 
puberty), a mixed flora of cocci and bacilli is present.  
At puberty, aerobic and anaerobic lactobacilli reappear in large numbers and 
contribute to the maintenance of acid pH through the production of acid from 
carbohydrates. 
After menopause, lactobacilli again diminish in number, and a mixed flora returns. 
 
-Bacterial vaginosis is a syndrome marked by dramatic shifts in the types and relative 
proportions of the vaginal microbiota from a healthy environment containing 
lactobacilli, to a diseased state containing Actinobacteria and Bacteroidetes species. 
 
 
First microbiome 
The first exposure to micro-organisms in vaginally delivered infants occurs during 
passage through the birth canal (this is very important for immune system 
development). 
Whereas the first exposure to bacteria in infants born by Caesarian section (C-section) is 
from the skin of parents and health providers, and medical equipment.  
 
 
 

 
Good Luck 

https://www.webmd.com/diet/features/answers-to-your-questions-about-probiotics

