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                 Evasion of the host immune system: 
Pathogenic bacteria can evade phagocytosis in many ways. Examples include capsule 

production, Protein A in Staph aureus binds antibodies in an inactive manner. Some 

bacteria produce proteins that inhibit complement activation, thereby decreasing immune 

signaling and opsonization* of bacteria. Intracellularly, some bacteria inhibit phagolysosome 

fusion. all these ways are called virulence factors; factors that increase the effectiveness of 

the bacteria to cause disease. 

1- The formation of the capsule: 

 
Capsules are most commonly made of polysaccharides, but some can be made of 

polypeptides. We have unencapsulated & capsulated bacteria. Capsulated bacteria are 

bacteria with a surrounding space full of carbohydrates / polypeptides that can help the 

bacteria in many processes: 

❖ Physically: by creating a barrier around itself which makes it harder for antibodies and other 

opsonins to reach the antigen and deposits on the surface of it. So, it inhibits the pathogen 

opsonization. 

❖ It inhibits the pathogen phagocytosis; thus, inhibiting an important part of the immunity. 

Be aware that a capsule is so important to the point that some bacteria can be 

nonpathogenic without a capsule. Ex: Streptococcus pneumonia. 

 
An important example is protein A in Staph aureus; which can bind the antibody in an 

inactive manner by holding it inversely so that the FC (effector portion) is reversed (blinding 

it). Therefore, the immune system won’t benefit from this bound antibody. 

In researches, protein A is used in order to purify antibodies. They put a column and a protein 

A is put on top of it to catch antibodies. This is a very efficient mechanism, because the binding 

of antibodies to antigens is very strong, and the only way to restore antibodies from those 

antigens is by denaturing the antibody (thus losing it). Meanwhile using protein A will preserve 

the antibodies by binding them in reverse. This could help bacteria in preventing opsonization. 

 

Opsonization is the process in which bacteria is covered by substances to enhance 

phagocytosis. For example, antibodies bound to bacterial surface, as well as activated 

complement components depositing on bacterial surfaces are considered” opsonins” since 

they let bacteria get phagocytosed more easily. 
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In our circulation, we have complement inhibitors that bacteria can hijack to prevent their 

deposition and therefore, inhibiting opsonization. Ex: (CD46, CD55, CD59) 

The point is that the immune system produces complement inhibitors in order to monitor the 

complement system so it’s not active 24/7. So, when those CI are bound to the bacteria, an 

opsonin convertase is formed on its surface & immediately those CI’s will start cleaving 

complement proteins on the surface of the bacteria, so it’s not opsonized anymore & its 

phagocytosis is prevented. 

Even if bacteria got inside the phagosome & phagocytosis happened; it also has ways to 

escape. 

It can secrete enzymes that can lyse the phagosome & let itself out to the cytoplasm; or it can 

inhibit the fusion of the phagosome with the lysosome so it’ll keep sitting in the phagosome. 

Sometimes a bacterium reaches the cytoplasm and induces apoptosis in the cell. 

 
Gram negative strains bacteria keep shifting their antigens making it harder on the immune 

system to recognize them; it will need qualified adaptive immunity to recognize them & they’ll 

keep shifting (antigenic variation). 

What we are saying is that the pathogen has ways to overcome the different levels of the 

immune system depending on different virulence factors that help it to cause disease; 

causing a problem to the immune system. This is why diseases are observed even in people 

with a healthy functional immune system. 

 
           The inhibition of phagocytosis & opsonization can happen in many other ways. Ex: 

2- bacterial enzymes: some bacterial cells can produce enzymes that breaks down 

antibodies at the hinge region. 

 

Bacteria can produce enzymes and some of them can be classified as exotoxins (because 

they’re of the same concept). Eg. Hyaluronidase and collagenase are enzymes that hydrolyze 

hyaluronic acid and collagen respectively, constituents of the ground substance of connective 

tissue & extracellular matrix. These enzymes are necessary for tissue invasion; helping the 

bacteria to break down junctions between epithelial cells & break down the basement 

membrane; helping the bacteria to invade deeper in the interstitial tissue. 

 

Some of those enzymes can lyse immune cells (cytolysis). Ex: hemolysin which breaks down 

RBC & epithelial cells and leucocidins (a killer of white blood cells). 

 

How do they usually work? 

 
They form pores within the membrane of host cell making the cell compromised & then cell 

lyses. 
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Clinical Application: This kinase is extracted and used to synthesize heart & thrombosis drugs. 

Ex: streptokinase which is a kinase produced by some strains of streptococcus bacteria during 

their pathogenesis to disturb the surrounding clot, we extract it and use it to disseminate clots 

in arteries. 

We can exploit bacteria in many regions in medicine; ex. We can use the bacterial enzymes 

(which break down antibodies) in curing diseases that involve antibodies components like in 

transplantation. We give the patient enzymes against alloantibodies (the antibodies against 

allograft) before he undergoes transplantation. 

Pathogenicity islands 
 

Definition: 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 system. 

 

 

 

 

 

Extra//remember:-  
 

-the virulence factor in the previous experiment is the formation of the capsule. 
 

 

 

 

 

Other examples are coagulases & kinases. We 
have 2 types of bacteria regarding coagulase: 
▪ -coagulase +ve: Staph. aureus. 
▪ -coagulase -ve: part of the normal microbiota 

(Staph. epidermidis). 
When a bacterium gets into the tissue, it starts 
inducing coagulases, so that a clot forms around 
the bacterium (it hides itself). Immune cells will 
try to enter & phagocyte this bacterium, but they 
will be stopped by the presence of the clot. 
After a certain period of time, the bacterium 
breaks the clot by kinases & gets back to the 
circulation. 
  

The G-C content of pathogenicity islands is 
usually different from the rest of the genome. 
Most of the time, these stretches are found 
extra chromosomally on plasmid; meaning 
that it is commonly found on mobile genetic 
elements (passed through plasmids, 
transformation, transduction, transposons). 
If a pathogenic and nonpathogenic bacterium 
conjugate together successfully, the plasmid 
that have pathogenic island gene will be 
transmitted from the pathogenic to the 
nonpathogenic bacteria making it pathogenic. 
 

 Remember 
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*Being together enhances the ability to control them; pathogenicity islands are usually 

activated by environmental causes; like temperature change, pH change, ..etc. 

 

For example, a bacterium living in soil won’t benefit from secreting enzymes that break down 

antibodies; so their genes will be shut down. But when it enters the body & senses the 

change in temperature or in pH, it activates the pathogenicity island, adhesins, secretion 

systems (like type III secretion system) and produces toxins & coagulases. All these things 

were not needed when the bacterium was in the soil, but it needs them to survive in the body 

(the sensitivity isn’t the same). 

-Be aware that pathogenicity island genes don’t exist in nonpathogenic bacteria. 

Bacterial Communities / Biofilms: 

Bacteria communicate together. Those bacterial cells group together exhibiting the behavior 

of a multicellular organism resulting in the formation of something we call a Biofilm. Those 

bacteria can secrete extracellular polymeric substances (polysaccharides, proteins, DNA 

segments & lipids) forming a thin layer film made of biological material (polymeric 

conglomeration) 

-Note// Scientists had long held the view that bacterial cells behaved as self-sufficient individuals, 

unable to organize themselves into groups or communicate. But it was later discovered that 

bacteria are found in communities that aid the survival of the whole, through providing new 

characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Now, how does the biofilm help bacteria? 

 
❖ It enhances communication between bacterial cells. 

❖ It creates a microenvironment that protects the 

bacteria from the surrounding circumstances like 

a home for it, which is most commonly made of a 

mixture of proteins, lipids, polysaccharides, DNA, 

or it can consist of a single type of them. 

❖ It inhibits opsonization, phagocytosis, 

complement deposition (C. inhibition) & attacks 

of antimicrobial peptides. 

❖ It inhibits antibiotics; because it doesn’t allow them to 
penetrate well enough throw this big layer of biological 
material affecting the susceptibility tests. 

 
 

 

In susceptibility testing, we extract bacteria and try antibiotics on the specimen to see 
which antibiotics are effective and which aren’t. Sometimes, results differ between the 
vitro(lab) and the human body, meaning that some antibiotics can kill bacteria in the lab 
but can’t kill them in the body; one of the reasons is biofilm formation. 
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It’s because of that, the biofilm can mess up with the susceptibility of the antibiotic. Agar 

can’t induce the formation of the biofilm, that’s why antibiotics could be active in the lab but 

not inside the human body. 

Some biofilms can hold different bacterial species, others can be formed depending 

totally on one type of bacteria, which happens usually. 

When the bacteria mature, the biofilm can sometimes break apart & release some bacteria; 

those single bacteria are called planktonic bacteria (free living/not in a community) that 

attaches somewhere else, colonizes and starts forming new biofilm. 

To sum up, those communities aid in survival; in a way similar to a multicellular 

organism in biofilms and they can distribute nutrients more beneficially. 
 

 
The bacterial cells recognize its presence in a community by something we call Quorum 

Sensing; which means that bacteria can sense its environment and send signals to other 

bacteria communicating with them as we said before. 

One of the simplest forms of communication is the concentration of AHL’s molecules that 

catch certain transcription factors activating certain genes. When the no. of the bacteria 

increases while multiplying, the AHL’s concentration will increase, thus the amount of 

AHL’s getting inside cells will increase & more genes will become activated. Finally, 

this results in the formation of biofilm, because of the increase in the no. of bacterial 

cells (BCs). 
 
 

Keep in mind that AHL activates different types of genes, 

not only the AHL gene. 
 

 

 

 
 

10 BCs→ low AHL, 100 BCs → high AHL & biofilm 
formation, 1000 BCs → very high AHL 
&planktonic cells formation (detachment of some 
BCs out of the biofilm). 



 

Some scientists relate this to pathogenesis saying that if we have a small number of 

bacterial cells, they won’t cause diseases. 

In medicine, we’re interested in studying the biofilm because it’s formed a lot on the plastic 

surfaces. EX: Catheters that are inserted in the urinary bladder is an excellent surface for the 

bacteria to form biofilm; as it’s a nonbiological surface which won’t face a strong response 

from the immune system. 

Eradication of these bacteria in this form is quite difficult & antibiotics can do nothing if the 

patient has sepsis. 

Whenever we sense weakness in a patient under clinical examination that has a catheter & 

make blood test and it turns out that the patient has microbes in blood(sepsis), we 

immediately remove the catheter ; because even if a biofilm doesn’t exist as soon as 

microbes in the blood find that surface they will bind to It (formed hematogenousely). This 

can be a sign of urinary tract infection (if the catheter is in the urinary tract) 

 
 

                

When the catheter is obtained from the company, it is very sterile and dealing with it must be 

upon aseptic techniques; by cleaning your hands, wearing gloves, and cleaning the site of 

insertion. 

Rarely, the infection could occur prior to the insertion where equipment is contaminated 

from the manufacturer, or it can come from the skin of the patient, thanks for the normal 

flora (microbiota) present there. Ex: Staph epidermidis, Staph aureus. In the operation 

room simple mistakes could cause it. 

Even in your toothbrush after 2-3 times of using, biofilms will start forming. Biofilms can even 

form on teeth as plaques!! 

People with prosthetic limbs have a prominent sub-venous catheter and are highly 

exposed to risk infections. 

What we should do is clean the area of insertion before sterilizing it (disinfecting it) to 

decrease the amount of the biological material interfering with alcohol; because starting 

with sterilization (spreading alcohol) won’t have enough concentration to kill all the 

Note:- catheters are used widely with patients that need continuous vein 
supplements like in dialysis 



 

bacteria, so we start with cleaning & follow it with disinfection. 

*Factors that affect the efficacy of both disinfection and sterilization include: 

-Prior cleaning of the object. 

-Organic and inorganic load present. 

-Type and level of microbial contamination. 

-Concentration of and exposure time to the germicide. 
-Physical nature of the object (e.g., crevices, hinges, and lumens). 

-Presence of biofilms. 

-Temperature and pH of the disinfection process. 
 

 

A tweaked version of Koch’s postulates molecular guideline for establishing microbial disease 

causation. 

 

Optical Microscopy 

Historically, the microscope first revealed the presence of bacteria and later the secrets of cell 

structure. Today it remains a powerful prominent tool in cell biology as the simplest type of 

microscopes. 

The basic components of light microscopes consist of a light source used to illuminate the 

specimen positioned on a stage, a condenser used to focus the light on the specimen, and 

two lens systems (objective lens and ocular lens) 

Resolving power is the distance that must separate two-point sources of light if they are to be 

seen as two distinct images. The best brightfield microscopes have a resolving power of 

approximately 0.2 μm, which allows most bacteria, but not viruses, to be visualized. 

The resolving power is greatest when oil is placed between the objective lens (typically the 

100× lens) and the specimen, because oil reduces the dispersion of light. 



 

Three different objective lenses are commonly used: low power (10-fold magnification), which 

can be used to scan a specimen; high dry (40-fold), which is used to look for large microbes 

such as parasites and  filamentous fungi; and oil immersion (100-fold), which is used to 

observe bacteria, yeasts (single-cell stage of fungi), and the morphologic details of larger 

organisms and cells. Ocular lenses can further magnify the image (generally 10-fold to 

15-fold). 

Types of optical microscopy: 
 

1- Brightfield (Light) Microscopy: 

 
A typical microscope that uses transmitted light to observe targets at high 

magnification. 

In order to view a specimen under a brightfield microscope, the light rays that pass through 

it must be changed enough in order to interfere with each other (or contrast) and therefore, 

build an image. 

At times, a specimen will have a refractive index very similar to the surrounding medium 

between the microscope stage and the objective lens. When this happens, the image cannot 

be seen. In order to visualize these biological materials well, they must have a contrast caused 

by the proper refractive indices or be artificially stained. Since staining can kill specimens, 

there are times when darkfield microscopy is used instead. 

 

It’s commonly used to distinguish between the gram-positive & gram-negative bacteria. 
 

Without a stain we can recognize nothing; you’ll see messed up biological material (artifacts) 

that doesn’t lead to any helpful results. So, we need to stain to create a clear contrast 

between the specimen components. 

2- Darkfield Microscopy: 

 
The dark-field microscope is a light microscope in which the lighting system has been 

modified to reach the specimen from the sides only. 

This creates a “dark field” that contrasts against the highlighted edge of the specimens and 

results when the oblique rays are reflected from the edge of the specimen upward into the 

objective of the microscope. Meaning that instead of watching contrast on the site of the 

strain you’ll see a black background and contrast against the site of the object. 

*It’s used to indicate limited number of diseases that can’t be detected by the 

Brightfield Microscopy. Therefore, it has limited uses & doesn’t exist in all labs. 

 
 
 
 
 



 

This technique has been particularly useful for 

observing organisms such as Treponema 

pallidum, a spirochete that is smaller than 0.2 

mm in diameter and therefore cannot be 

observed with a brightfield. 

 
 
 
 
 

3- Phase contrast microscopy: 
 

Phase-contrast microscopy enables the internal details of microbes to be examined (a little bit 

more than the light microscope). In this form of microscopy, as parallel beams of light are 

passed through objects of different densities, the wavelength of one beam moves out of 

“phase” relative to the other beam of light (i.e., the beam moving through the more dense 

material is retarded more than the other beam) resulting in more contrast between the 

different phases of light so you’ll have more details to examine. 
 

 

 
-From the size we can tell it’s a mammalian cell that seems to be studied for pathogenic 

purposes. This is unstained of course; but notice that you can’t see details of a bacterial cell 

through this technique. 

4- Fluorescent Microscopy: 
 

Fluorochromes can absorb light at a certain wavelength and emit energy at a higher 

visible wavelength. Although some microorganisms show natural fluorescence 

(autofluorescence). 

Fluorescent microscopy typically involves examining organisms (or a substructure of an 

organism) with bound fluorochromes (conjugated to antibodies, fluorescent dyes (chemical 

compounds), expressed fluorochromes like GFP) and then examining them with a specially 

designed fluorescent microscope. 

 



 

 

 

 

 

 

 

Organisms and specimens stained with fluorochromes appear brightly illuminated against 

a dark background, although the colors vary depending on the fluorochrome selected. 

The fluorescent microscope is important for diagnosis & research purposes. 

 
Note// -Light M: you can’t see intracellular bacterial components. 

-Fluorescent M: very specific. 

5- Super resolution fluorescent microscopy: 

 
It gets over the fraction limit to the point that a 

single protein inside the cell could be examined. 

Ex: Rod bacteria; you can’t see any details with 

different types of microscopes except in the 

SRFM. This microscope took Nobel prize in 2014. 

 
 
 

Electron Microscopy 
 

While a light microscope uses light to illuminate specimens and glass lenses to magnify 

images, an electron microscope uses a beam of electrons to illuminate specimens and 

magnetic lenses to magnify images. Meaning that we can’t use dyes; but pictures could be 

colored after being taken. 

The electron microscope is capable of much higher magnifications and has a greater resolving 

power than a light microscope, allowing it to see much smaller objects in finer detail. 

There are two types of electron microscopes: transmission electron microscopes, in which 

electrons such as light pass directly through the specimen, and scanning electron 

microscopes, in which electrons bounce off the surface of the specimen at an angle and a 

three-dimensional picture is produced. 

It can give you the localization of proteins & certain structures. 
One way to examine a colored light in the EM is binding a gold particle with an antibody which 

gives black color. However, using the FM is clearer & more well controlled. 

-ex.1:- If we want to extract a specific protein, we modify 
its antibody by conjugating it with fluorescence (creating a 
tag), then we add this tagged antibody to the solution, if 
the wanted protein exists in the solution, it will bind the 
antibody. At a specific wavelength, the laser will hit the 
compound and give a specific light color. 
-ex.2: - When bacteria want to express a specific protein, 
you can add a gene of fluorescent protein that would be 
expressed with the protein; so if a sign appeared, it means 
that the protein is synthesized in that bacteria. 
 

 

 



 

 

-EM can produce live imaging; enabling you to see how bacteria get inside the cell and make 

different tasks. 

MOLECULAR DIAGNOSIS 

When we are seeking a pathogen to reveal we have certain clues from which we can 

indicate it. You can depend on the DNA, RNA, proteins of the infectious agent; we choose 

the best clue and use it. 

We use molecular & serological techniques with pathogens that can’t be cultured easily 

because we can’t find an appropriate environment for them. Ex: Syphilis pathogen 

(treponema pallidum). 

In serological techniques you can look for antibodies that can reflect the presence of the 

pathogen. Or you can look for IgM & IgG; IgM indicates acute infection, while IgG a previous 

infection. 

Note// everything written down is self-reading but is supposed to be included in the exam. 

Like the evidence left at the scene of a crime, the DNA (deoxyribonucleic acid), RNA 

(ribonucleic acid), or proteins of an infectious agent in a clinical sample can be used to help 

identify the agent. 

DNA probes can be used like antibodies as sensitive and specific tools to detect, locate, and 

quantitate specific nucleic acid sequences in clinical specimens, The DNA probes can detect 

specific genetic sequences in fixed permeabilized tissue biopsy specimens by in situ 

hybridization. When fluorescent detection is used, it is called FISH: fluorescent in situ 

hybridization. 

The polymerase chain reaction (PCR) amplifies single copies of viral DNA millions of times over 

and is one of the most useful genetic analysis techniques. In this technique, a sample is 

incubated with two short DNA oligomers, termed primers, that are complementary to the 

ends of a known genetic sequence within the total DNA, a heat- stable DNA polymerase (Taq 

or other polymerase obtained from thermophilic bacteria), nucleotides, and buffers. 

DNA sequencing has become sufficiently fast and inexpensive to allow laboratory 

determination of microbial sequences for identification of microbes. Sequencing of the 16S 

ribosomal subunit can be used to identify specific bacteria. Sequencing of viruses can be used 

to identify the virus and distinguish different strains (e.g., specific influenza strains). 

Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry is 

a powerful new rapid approach to determine RNA, DNA, and protein sequences. The DNA 

or RNA is inserted into the instrument, ionized, and fragmented, the fragments are 

separated based on their charge-to-mass ratio, and the nucleotide sequence is determined 

by analyzing the mass of the ionized fragments. 
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Serological diagnosis 

 
Antibodies can be used as sensitive and specific tools to detect, identify, and quantitate the 

antigens from a virus, bacterium, fungus, or parasite. The specificity of the antibody-

antigen interaction and the sensitivity of many of the immunologic techniques make them 

powerful laboratory tools. These antibodies are polyclonal; that is, they are heterogeneous 

antibody preparations that can recognize many epitopes on a single antigen. Monoclonal 

antibodies recognize individual epitopes on an antigen. Antibody-antigen complexes can be 

detected directly, by precipitation techniques, or by labeling the antibody with a 

radioactive, fluorescent, or enzyme probe. The humoral immune response provides a 

history of a patient’s infections. 
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Serology can be used to identify the infecting agent, evaluate the course of an infection, or 

determine the nature of the infection—whether it is a primary infection or a reinfection, 

and whether it is acute or chronic. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


