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Microbes are tiny living thing that are found all around us. They are too small to be seen by the 

naked eye. Human body serves as the essential natural habitat for microbes and therefore it is 

home to millions of these microbes. It is estimated that about 10 times number of cells of the 

human body i.e. 10
14

 number of microbes are present on/in the body compared to 10
13

 number 

of human body cells. Most of the microbes inhabiting human body are harmless and do not 

impose any health hazards normally and therefore, known as normal flora or normal 

microbiome of human body. Additionally, a plethora of bacteria are found around us inhabiting 

every nook and corner, in soil, water, and even air. Most of them are harmless; however, some of 

them, nearly 1%, are capable of causing disease and results in serious threat to human health, 

which are called as pathogenic microbes. Interestingly, normal human microbes are generally 

harmless and became an indispensable part of human body during the course of human 

evolution, and therefore the composition of microbiome of human body reflects the health 

condition of an individual. They exert impact not only on human physiology by providing certain 

essential amino acids and vitamins, but also they govern the mood of an individual. 

Human fetus before birth is devoid of any microbe i.e. human fetus is free from any bacteria, 

viruses and fungi. 

When human fetus 

passes down the birth 

canal during 

parturition, they first 

encounter and acquire 

microbes and soon 

after birth, they further 

acquire microbe by 

surface contact, 

contact with feeding 

materials and other 

peoples, swallowing, 

inhaling, during 

nursing or exposure to 

ambient environment, 

etc. Soon, they joined 

other microbe and by 

finding suitable 

environment either on the outer surface or inner body surfaces, they multiply and quickly 

colonize. However, the colonization of normal flora on human body is not abrupt; initial microbe 

composition is not stable. Their composition may change considerably during the first few days 

or weeks after birth until a stable microbe population becomes established and forms the normal 

flora. Soon after the birth, Streptococcus sps, Neisseria sps, Veillonella sps, Actinomyces and 

Lactobacillus start inhabiting the mouth of the new born. Yeast is also dominant in the oral 

cavity. Streptococccus salivarius is seen predoninant and found continuously inhabiting on the 

dorsal surface of tongue. Most microbes, at this stage, are aerobes and facultative aerobes until 

eruption of teeth. As soon as the first tooth appears, obligate anaerobes such as species of genera 

Bacteroides and Fusobacterium found buried deep in the teeth gum, become predominant.    
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Distribution of microbe on the different part of the body 

Areas of the body with normal flora are as follows; 

A. Gastro-intestinal tract 

… Mouth  

… Large colon 

B. Urogenital tract 

… Vagina 

… Distal ⅓ of urethra 

C. Skin 

Each part of the human body varies in microbe composition according to their suitable or 

optimum environment. The normal flora found on the skin surfaces are completely different from 

that found on the mucus membrane of oral cavity and that found in the gut lumen, and even all 

microbe on the skin is not same as for example, the microbes composition at normal dry surface 

skin, axillary regions, toe web (skin between the toes) and the perineum (skin at the lower end of 

the trunk between the thighs). They are adapted to inhabit according to the habitat. Its population 

also depends on many factors such as frequency of host’s washing, their nutrients and diets, 

hormonal profiles, age and living conditions. The adult persons and children living similar 

environments and living condition with similar habits have similar composition of normal 

microbiota. 

The microbes, which inhabit skin, are species of Staphylococcus (mainly Staphylococcus 

epidermis) and anaerobic Corynebacteria, or Diptheroids. These microbes derive their nutrition 

from secretion of sebaceous and sweat glands that constitute water, amino acids, urea, salts and 

fatty acids. Some lipophilic anaerobic microbes such as Propionibacterium acne inhabit deep in 

sebaceous glands and occasionally, causes a skin disease called as acne vulgaris. Some 

microbes predominantly inhabit the delicate membrane of eye called conjunctiva that line the 

eyelids and covering the eyeball. The microbes of conjunctiva are Staphylococcus epidermis, 

Staphylococcus aureus, Corynebacterium sps, Streptococcus pneumoniae, Neisseria sps, 

Moraxella sps, and Haemophilus parainfluenzae. Though, these microbes are continuously 

washed by tears and eliminated by lysosome secretion in tears, and therefore their population on 

the membrane is sparse. 

In turn, mucus membrane of the upper respiratory tract is much difficult for a microorganism to 

colonize, because of the characteristic features of nasal passages, also known as nasal baffle and 

nasopharynx, where microbes stick to the thin moist layer of highly viscous mucus membrane. 

The microbes stuck are propelled downward by continuously beating cilia of epithelial cells of 

upper respiratory tract. The trapped microbes along with mucus are then eventually swallowed 

and are killed by acid of the stomach. However, some microbes such as Staphylococcus 

epidermis and Staphylococcus aureus in the nose, avirulent strain of Streptococcus pneumoniae 

and other hemolytic streptococci in the nasopharynx inhabit and colonize. They have the ability 

to adhere to the epithelial cell layer of the mucus membrane, thereby avoiding their elimination 

from the upper respiratory tract (nose and nasopharynx). In addition to these microbes, some 

common microbes namely Staphylococcus, Neisseria, Branhamella, Haemophilus and 

Micrococcus are also found 

Advantages of normal microbiome 
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… Normal microbiome prevents overgrowth of pathogenic organisms 

… Continuous immunostimulation 

… In skin: Releases fatty acids 

… In Gut: Produces bacteriocins, colicins and other metabolic wastes that have capability to 

eliminate harmful microbes or pathogens; compete with other microbes for living; produce 

vitamins B and K that are essential for normal physiology 

… In vagina: Lactobacilli colonize vaginal luminar surface and maintain normal acidic pH 

level. 

Disadvantages of Normal Flora 

… Have potential for spread during procedures or trauma e.g. in intestinal preformation, skin 

breaks or abrasion, dental extraction etc. 

… Person is vulnerable during periods of decreased immunity, change in environmental 

condition, alteration in hormonal profile, during stress, etc.  

… Sometimes, they produce carcinogen 

Bacterial Pathogenesis  

As described earlier, a pathogen is a microorganism or microbe (a bacterium, virus, protozoan, 

or fungus) that is able to produce disease. Pathogenicity is the ability of a microorganism to 

cause disease in another organism, namely the host for the pathogen. As implied above, 

pathogenicity may be a manifestation of a host-parasite interaction. 

Types of the host 

Definitive 

(final) host 

harbors adult or sexually reproductive stage of a parasite. 

Intermediate 

host 

harbors larval or asexually reproductive stage of a parasite, according to 

priority they are classified into first intermediate host, second intermediate 

host, third intermediate host. 

Reservoir hosts Vertebrate hosts that harbor the same species of parasite at same stage as a 

human host. They are an important source of infection in epidemiology 

Paratenic host 

or transport host 

An abnormal host in which some parasitic larvae can survive but can’t 

develop into adults. If the larvae have a chance to enter their appropriate 

hosts, they can continue to develop into adults there. 

In humans, some of the normal bacterial flora (e.g. Staphylococcus aureus, Streptococcus 

pneumoniae, Haemophilus influenzae) is potential pathogens that live in a commensal or 

parasitic relationship without producing disease. They do not cause disease in their host unless 

they have an opportunity brought on by some compromise or weakness in the host's anatomical 

barriers, tissue resistance or immunity. Furthermore, the bacteria are in a position to be 

transmitted from one host to another, giving them additional opportunities to colonize or infect. 

There are some pathogens that do not associate with their host except in the case of disease. 

These bacteria may be thought of as obligate pathogens, even though some may rarely occur as 
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normal flora, in asymptomatic or recovered carriers, or in some form where they cannot be 

eliminated by the host.  

Opportunistic Pathogens  

Unlike to primary pathogen, microbes which cause a disease in a compromised host that 

typically would not occur in a healthy (non-compromised) host are acting as opportunistic 

pathogens. A member of the normal flora such as Staphylococcus aureus or E. coli can cause an 

opportunistic infection. When a member of the normal flora causes an infectious disease, it 

sometimes referred to as an endogenous bacterial disease, referring to a disease brought on by 

bacteria 'from within'. Classic opportunistic infections in humans are dental caries and 

periodontal disease caused by normal flora of the oral cavity.  

Infection  

An infection is the invasion and multiplication of pathogenic microbes in an individual or 

population. The normal flora, as well as any “contaminating” bacteria from the environment, is 

all found on the body surfaces of the animal; the blood and internal tissues are sterile. If a 

bacterium, whether or not a component of the normal flora, breaches one of these surfaces, an 

infection is said to have occurred. Infection does not necessarily lead to infectious disease. When 

the infection causes damage to the individual’s vital functions or system, then it is said to an 

infectious disease. In fact, infection probably rarely leads to infectious disease. Some bacteria 

rarely cause disease if they do infect; some bacteria will usually cause disease if they infect. But 

other factors, such as the route of entry, the number of infectious bacteria, and (most 

importantly) the status of the host defenses, play a major role in determining the outcome of 

infection. Interestingly, there is also strong evidence that microbes may contribute to many non-

infectious chronic diseases such as some forms of cancer and coronary heart disease. Infection to 

occur, its spread and its controlling measures are largely dependent on the source of infection 

and modes of pathogen transmission from one host to another. 

Sources of infection: The places from where an infection has its origin, is known as source of 

infection. It is often very important in controlling the spread of infection. Sources of infection are 

as follows: 

Methods of transmission: After an infection originated, it spreads very rapidly amongst the 

population through various means. It is very important to neutralize or cut off all sorts of mode 

of transmission for its containment. The various modes of transmission are as follows: 

                                                           
1
 Iatrogenic refers to mode of transmission through medical examination or treatment. 

2
 Nosocomial refers to a disease or infection acquired in a hospital.  

� Human Beings 

� Patients 

� Carriers 

� Animals 

� Zoonosis  

– Reservoir 

� Insects 

– Mechanical 

– Biological 

� Soil & Water 

� Food 

� Contact 

� Congenital 

� Inhalation 

� Ingestion 

� Inoculation 

� Iatrogenic
1
 

� Insects 

� Lab acquired 

� Nosocomial
2
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Factors affecting microbial pathogenicity 

Infection by a pathogen depends on many biotic and abiotic factors. These factors also determine 

the extent of spread of infection in a population and disease outcome. These factors are 

following: 

1. Portal of entry: To cause an infection, microbes must enter our bodies. The site at which 

they enter is known as the portal of entry. Further, to produce a disease, microbes have to 

reach their target site in the body, attach to the target site they have to infect so that they are 

not dislodged, multiply rapidly, obtain their nutrients from the host, and avoid and survive 

attack by the host’s immune system. The main portal of entry is as follows: 

•••• Respiratory tract (mouth and nose) e.g. influenza virus that cause flu, Mycobacterium 

tuberculosis that causes tuberculosis, etc. 

•••• Gastrointestinal tract (mouth oral cavity) e.g. Vibrio cholera that causes cholera. 

•••• Urogenital tract e.g. Escherichia coli that causes cystitis. 

•••• Parenteral route via bites, injection, wound, etc. 

•••• Skin break and scratches in the skin surface e.g. Clostridium tetani that causes tetanus. 

•••• Multiple portals of entry 

» Tuberculosis - respiratory droplets, food & milk, wounds 

 

Nosocomial Infections in Acute Care Institutions 

Infection site Nosocomial 

infections  

Most common agents 

Urinary Tract 40% Escherichia coli, Enterococcus,Proteus, 

Klebsiella,Pseudomonas aeruginosa 

Surgical Wound 20% Staphylococcus aureus, Staphylococcus epidermidis, E. coli 

Pulmonary 10% Klebsiella, Pseudomonas, E. coli, S. aureus 

Primary 

Bacteremia 

5% - 10% S. aureus, S. epidermidis, Gram-negative rods 
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Others 20% - 25% S. aureus, E. coli 

2. Dose: Dose is important factor associated with dissemination of pathogens inside amongst 

the populations. 

– High virulence fewer organisms needed 

– Lower virulence many organisms needed 

– LD 50 & ID50  

3. Tissue penetration 

Genetic basis E. coli O157:H7 uses unique sites 

Invasiveness causes structural damage 

Cell penetration some pathogens live inside the cells 

4. Adherens 

o Adhesins (ligands) adhere to receptors 

� Ligands associated with fimbria 

� Mannose is the most common receptor 

o Pili attachment - N. gonorrhoeae attach to cervix and urethra 

o M Proteins - S. pyogenes adhere to throat epithelial cells 

5.  Enzymes 
– Coagulase              Staphylococci     Forms fibrin clot 

– Streptokinase        Streptococci        Dissolves fibrin clot 

– Hyaluronidase       Pneumococci      Digests Hyaluronic 

                                    Staphylococci      Acid 

                                         Streptococci  

– Leukocidin            Staphylococci      Disintegrates phagocytes 

– Hemolysin             Staphylococci      Dissolves red blood cells 

6.  Capsules 

– Reduce phagocytosis  

– Slow drug penetration 

7. Plasmid – Extra chromosomal genetic material 

- Antibiotic resistance 

8. Lysogenic Bacteriophage 

- Imparts additional genetic character eg Diphtheria bacilli acquire ability to produce 

exotoxin. 

Virulence 

Most important factor that affects the pathogenicity of a microbe is virulence. To understand 

more precisely, virulence is the degree to which an organism is pathogenic, while the ability of a 

microbial agent to cause disease is called pathogenicity. Virulence is said to be a continuum. On 

one end of the spectrum, there are organisms that are avirulent (not harmful) and on the other, 

there are organisms that are highly virulent. Highly virulent pathogens always lead to a disease 

state when introduced to the body, and sometimes results in multi-organ failure. An example of 

highly virulent microbe is Bacillus anthracis, a pathogen that is responsible for anthrax. B. 

anthracis can produce different forms of disease, depending on the route of transmission (e.g., 

cutaneous injection, inhalation, ingestion). The most serious form of anthrax is inhalation 

anthrax. After B. anthracis spores are inhaled, they germinate. An active infection develops and 

the bacteria release potent toxins that cause edema (fluid buildup in tissues), hypoxia (a 

condition preventing oxygen from reaching tissues), and necrosis (cell death and inflammation). 
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Less virulent pathogens may cause an initial infection, but may not always cause severe illness. 

Pathogens with low virulence would more likely result in mild signs and symptoms of disease, 

such as low-grade fever, headache, or muscle aches. Some individuals might even be 

asymptomatic. It is the virulence factor that aggravates the defense mechanisms of the host to 

establish infections. The nature and type of virulence factors, both, determine the pathogenicity 

of a microbe.  

Quantification of virulence
3
: Virulence of a pathogen can be quantified using applying two 

important virulence indicators that is median infectious dose (ID50) and the median lethal dose 

(LD50) typically determined experimentally using animal models. The ID50 is the number of 

pathogen cells or virions required to cause active infection in 50% of inoculated animals, while 

the LD50 is the number of pathogenic cells, virions, or amount of toxins required to kill 50% of 

infected animals. 

Determinants of Virulence: Sum of the characteristics that allow a given microbes to produce 

disease are called the pathogen's determinants of virulence. Virulence factors or determinants 

of virulence are individual pathogen characteristics, and therefore some pathogens are more 

virulent than others. They are encoded by genes that can be identified using molecular Koch’s 

postulates
4
. When genes encoding virulence factors are inactivated, virulence in the pathogen is 

diminished. 

Adhesion protein molecules also act as virulence factor. In the process of adhesion, a protein or 

glycoprotein found on the surface of a pathogen attaches to receptors on the host cell.These 

adhesins are found on bacterial, viral, fungal, and protozoan pathogens. One example of a 

bacterial adhesin is type 1 fimbrial adhesion, a molecule found on the tips of fimbriae of 

enterotoxigenic E. coli (ETEC) cells to attach to the mannose glycans expressed on intestinal 

epithelial cells.  

Some Bacterial Adhesins and Their Host Attachment sStes 

Pathogen Disease Adhesin Attachment Site 

Streptococcus pyogenes Strep throat Protein F Respiratory epithelial cells 

Streptococcus mutans Dental caries Adhesin P1 Teeth 

Neisseria gonorrhoeae Gonorrhea Type IV pili Urethral epithelial cells 

Enterotoxigenic E. 

coli (ETEC) 

Traveler’s 

diarrhea 

Type 1 fimbriae Intestinal epithelial cells 

Vibrio cholerae Cholera N-methylphenylalanine pili Intestinal epithelial cells 

After adhesion, the next step in pathogenesis is invasion, which can involve enzymes and toxins. 

Many pathogens achieve invasion by entering the bloodstream that is effective means 

                                                           
3
 How Pathogens Cause Disease: https://openstax.org/books/microbiology/pages/15-2-how-pathogens-cause-disease 

4
 In 1988, Stanley Falkow proposed a revised form of Koch’s postulates known as molecular Koch’s postulates 

which advocates the identification of a particular gene that makes a microbe pathogenic. It explains not only 

infections caused by intracellular pathogens but also the existence of pathogenic strains of organisms that are 

usually nonpathogenic. Such as E. coli which are usually nonpathogenic, but there are pathogenic strains such as 

enterotoxigenic E. coli (ETEC0 and enterohemorrhagic E. coli (O157:H7) (EHEC) that is because of acquisition of 

new genes by the once harmless E. coli. 
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dissemination because blood vesses pass close to every cell in the body. Various terms ending in 

−emia are used to describe the presence of pathogens in the bloodstream e.g. presence of 

pathogen in blood is called as bacteremia, presence of pyrogens (pus-forming pathogen) called 

as pyremia, presence of virus in the blood is called as viremia, and presence of toxins in the 

blood is called as toxemia. If a pathogenic bacteria are both present and multiplying in the blood, 

this condition is called as septicemia and a patient is known as septic into whom a shock may 

occur. 

Some pathogens produce extracellular enzymes or exoenzymes that enable them to invade host 

cells and deeper tissue. Each of these exoenzymes functions in the context of a particular tissue 

structure to facilitate invasion or support its own growth and defend against the immune system. 

For example, hyluronidase S, an exoenzyme produced by pathogens like Staphyloccocus aueus, 

Streptococcus pyrogenes, and Clostridium perfringens, degrade the glycoside hyaluronan 

(hyaluronic acid), which acts as an intercellular cement between adjacent cells in connective 

tissue. 

 

Some Classes of Exoenzymes and Their Targets 

Class Example Function 

Glycohydrolases Hyaluronidase S 

in Staphylococcus aureus 

Degrades hyaluronic acid that cements cells 

together to promote spreading through tissues 

Nucleases DNAse produced by S. aureus Degrades DNA released by dying cells (bacteria 

and host cells) that can trap the bacteria, thus 

promoting spread 

Phospholipases Phospholipase C of Bacillus 

anthracis 

Degrades phospholipid bilayer of host cells, 

causing cellular lysis, and degrade membrane of 

phagosomes to enable escape into the cytoplasm 

Proteases Collagenase in Clostridium 

perfringens 

 

In addition to exoenzymes, certain pathogens are able to produce toxins that assist in their ability 

to invade and cause damage to tissues. The ability of a pathogens to produce toxins to cause 

damage to host cells is called toxigenicity. Toxins are of two types namely endotoxins or 

exotoxins. The endotoxins are not secreted by pathogenic bacteria and found to membrane such 
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as lipopolysaccharides (LPS – Lipid A is toxic component), while exotoxins are secreted by 

pathogenic bacteria and are proteins in nature. The exotoxins can be categorized into three on the 

basis of their target such as intracellular targeting, membrane disrupting, and super-antigens. 

Difference Between Exotoxin and Endotoxin 

Exotoxin Endotoxin 

Protein Lipid portion of LPS e.g. Lipid A 

Heat labile Heat stable 

Secreted by cells as part of growth, diffuse out Part of cell wall; released when microbe die 

Separable by filtration Obtained only by cell lysis 

Enzymatic action No enzymatic action 

Specific tissue affinity Effect non-specific 

Active in small quantity Active in large doses 

Highly antigenic Weakly antigenic 

Action neutralized by specific antibody Antibody does not neutralize 

Located on the extra-chromosomal site Located on the chromosome 

Toxoid can be made by treating with formalin Toxoid cannot be made 

Molecular weight is about 10KDa. Molecular weight is 50-1000KDa. 

On boiling, it gets denatured. On boiling, it cannot be denatured. 

Detected by many test such as neutralization, 

etc 

Detected by Limulus Lysate test. 

Mainly produced by Gram +ve bacteria, also 

produced by few Gram −ve bacteria 

Mainly produced by Gram -ve bacteria 

 

Diseases caused are diphtheria, tetanus, 

botulism, cholera, etc. 

Disease caused are from mainly LPS 

toxicamia e.g. coronary artery disease, 

neonatal necritising enterocolitis, cytic 

fibrosis, Crohn’s disease, ulcerative colitis 

etc. 
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The intracellular targeting toxins composed of two components; A for activity and B for binding 

and therefore, they are also called as A-B exotoxins. The B component is responsible for the 

cellular specificity and initial attachment of the toxin to specific cell surface receptors. Once the 

A-B toxin binds to the host cell, it is brought into the cell by endocytosis, where A and B subunit 

separates as the vacuole acidifies. The A subunit then enters the cell cytoplasm and interferes 

with the specific internal cellular function that it targets such as diphtheria, tetanus, cholera,

 
botulinum toxin, etc. Cholera toxin, an enterotoxin produced by the Gram –ve bacteria Vibrio 

cholera, is also A-B exotoxin where B subunit bind to intestinal epithelial cell of the small 

intestine and gain access of cytoplasm there. The A subunit then activates G proteins, which in 

turn, leads to the activation of the enzyme adenyl cyclase that results in increased amount of 

cyclic AMP (cAMP). The cyclic AMP finally causes excessive amounts of fluid and electrolytes 

into the lumen of the intestine resulting in the outcome diarrhea (rice-water stool), a 

characteristic of cholera. 

Exotoxins 

Two-component (Bi-partite) A-B toxins with intracellular targets: conform to general structural 

model, usually one component is a binding domain (B subunit) associated with absorption to target 

cell surface and transfer of active component across cell membrane; the second component is an 

enzymatic or active domain (A subunit) that enzymatically disrupts cell function. Examples are 

♦ Diphtheria toxin - ADP-ribosylation inhibits cell protein synthesis by  catalyzing transfer of 

ADP- ribose from NAD (nicotinamide adenine dinucleotide) to EF-2 (elongation factor- 2) 

♦  Pseudomonas aeruginosa toxin - similar action as DT 

♦  Cholera toxin - A-subunit catalyzes ADP-ribosylation of the B-subunit  of the stimulatory 

guanine nucleotide protein  Gs;  profound life-threatening diarrhea with profuse outpouring of 

fluids and electrolytes 

♦  Enterotoxigenic Escherichia coli (ETEC) heat-labile enterotoxin - similar or identical to 

cholera toxin 

♦  Tetanus neurotoxin - less well understood;  binding domain binds to neuroreceptor 

gangliosides, releases inhibitory impulses with trismus (painful restriction in opening the 

mouth due to muscle spasm) 

♦  Botulinum neurotoxin - among most potent of all biological toxins;  binding domain binds to 

neuroreceptor gangliosides,  inhibits release of acetylcholine at myoneural junction resulting in 

fatal paralysis 

Bacterial cytolysins (Cytotoxins) with cell membrane targets:: hemolysis, tissue necrosis, may 

be lethal when administered intravenously. It is of three major types: 
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Hydrolyzing membrane phospholipids (phospholipases) e.g., Clostridium,  Staphylococcus 

Thiol-activated cytolysins (oxygen-labile) alter membrane permeability by binding to cholesterol;  

e.g., Streptococcus, Clostridium  

 Detergent-like activity on cell membranes; e.g., Staphylococcus, rapid rate of lysis. 

Botulinum toxin also known as Botox
5
 and tetanus toxin, both are neurotoxin with slight 

different mechanism of action. After gaining access to the cytoplasm of neurons, A-subunit 

which is light and a protease, cleaves proteins involved in the release of acetylcholine in the 

neutron resulting in the inhibition of muscle contraction (leading to muscle relaxation) that may 

cause to stop breathing and ultimately death. Whereas, after entering light A-subunit of tetanus 

toxin binds to inhibitory interneurons that are responsible for release of the inhibitory 

neurotransmitters glycine and gamma-aminobutyric acid (GABA). Inhibition of these 

neurotransmitters release results in permanent muscle contraction because these transmitters 

inhibit the release of acetylcholine by binding to neurons at the neuromuscular junction. 

Some Common Exotoxins and Associated Bacterial Pathogens 

Category Example Pathogen Mechanism and Disease 

Intracellular-

targeting toxins 

(A-B Exotoxin) 

Cholera toxin Vibrio cholerae Activation of adenylate cyclase in 

intestinal cells, causing increased 

levels of cyclic adenosine 

monophosphate (cAMP) and secretion 

of fluids and electrolytes out of cell, 

causing diarrhea 

Tetanus toxin Clostridium tetani Inhibits the release of inhibitory 

neurotransmitters in the central 

nervous system, causing spastic 

paralysis 

Botulinum toxin Clostridium 

botulinum 

Inhibits release of the neurotransmitter 

acetylcholine from neurons, resulting 

in flaccid paralysis 

Diphtheria toxin Corynebacterium 

diphtheriae 

Inhibition of protein synthesis, causing 

cellular death 

Membrane-

disrupting 

toxins 

Streptolysin Streptococcus 

pyogenes 

Proteins that assemble into pores in 

cell membranes, disrupting their 

function and killing the cell Pneumolysin Streptococcus 

pneumoniae 

Alpha-toxin Staphylococcus 

aureus 

Alpha-toxin Clostridium 

perfringens 

Phospholipases that degrade cell 

membrane phospholipids, disrupting 

membrane function and killing the cell Phospholipase C Pseudomonas 

aeruginosa 

Beta-toxin Staphylococcus 

aureus 

Superantigens Toxic shock Staphylococcus Stimulates excessive activation of 

                                                           
5
 Because of its effect on inhibiting muscle contraction and inducing muscle relaxation, low concentration of 

Botulinum toxin (Botox) is used to remove wrinkles and treatment of overactive bladder. 
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syndrome toxin aureus immune system cells and release of 

cytokines (chemical mediators) from 

immune system cells. Life-threatening 

fever, inflammation, and shock are the 

result. 

Streptococcal 

mitogenic 

exotoxin 

Streptococcus 

pyogenes 

Streptococcal 

pyrogenic toxins 

Streptococcus 

pyogenes 

Membrane-disrupting toxins affect the cell membrane function either by forming pores of by 

disrupting the phospholipid 

bilayer in cell membrane of 

host. There are two types of 

membrane-disrupting toxins 

namely hemolysins and 

leukocidins, which form 

pores in cell membrane, 

causing leakage of the 

cytoplasmic contents and 

cell lysis. The gram-positive 

bacterium Streptococcus 

pyogenes produces streptoly

sins, water-soluble 

hemolysins that bind to the 

cholesterol moieties in the 

host cell membrane to form 

a pore. The two types of 

streptolysins, O and S, are 

categorized by their ability 

to cause hemolysis in 

erythrocytes in the absence 

or presence of oxygen. 

Streptolysin O is not active 

in the presence of oxygen, 

whereas streptolysin S is active in the presence of oxygen. Other important pore-forming 

membrane-disrupting toxins include alpha toxin of Staphylococcus aureus and pneumolysin 

of Streptococcus pneumoniae. Bacterial phospholipases are membrane-disrupting toxins that 

degrade the phospholipid bilayer of cell membranes rather than forming pores such as 

phospholipases secreted by B. anthracis, L. pneumophila, and Rickettsia species that enable these 

bacteria to effect the lysis of phagosomes. These same phospholipases are also hemolysins. 

Other phospholipases that function as hemolysins include the alpha toxin of Clostridium 

perfringens, phospholipase C of P. aeruginosa, and beta toxin of Staphylococcus aureus. 

Some strains of S. aureus also produce a leukocidin called Panton-Valentine leukocidin (PVL). 

PVL consists of two subunits, S and F. The S component acts like the B subunit of an A-B 

exotoxin in that it binds to glycolipids on the outer plasma membrane of animal cells. The F-

component acts like the A subunit of an A-B exotoxin and carries the enzymatic activity. The 

toxin inserts and assembles into a pore in the membrane. Genes that encode PVL are more 

frequently present in S. aureus strains that cause skin infections and pneumonia. PVL promotes 
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skin infections by causing edema, erythema (reddening of the skin due to blood vessel dilation), 

and skin necrosis.  

The third class of exotoxins is the superantigens. These are exotoxins that trigger an excessive, 

nonspecific stimulation of immune cells to secrete cytokines. The excessive production of 

cytokines, often called a cytokine storm, elicits a strong immune and inflammatory response 

that can cause life-threatening high fevers, low blood pressure, multi-organ failure, shock, and 

death such as the toxin of S. aureus (mostly associated with vaginal colonization of toxin-producing S. 

aureus in menstruating women, however, they can also colonize other parts of the body. Some strains 

of Streptococcus pyogenes also produce superantigens; they are referred to as the streptococcal 

mitogenic exotoxins and the streptococcal pyrogenic toxins. 

To evade the immune system of host, a number of virulence factors are expressed in pathogens 

such as encapsulation, protease release, expression of M-protein, etc. Encapsulation is shown by 

Streptococcus pneumoniae that causes pneumococcal pneumonia, meningitis, septicemia, and 

other respiratory tract infection. Encapsulation protects the Streptococcus pneumoniae from 

being engulfed by phagocytes, while protease released by some pathogens digest the antibody 

molecule and protects it from antibody-mediated pathogen killing. The M-protein expressed on 

the fimbriae of certain species of Streptococcus alters its surface leading to escaping from 

phagocytosis possibly by inhibiting the binding of the complement molecules. Likewise, the 

acid-fast bacterium Mycobacterium tuberculosis produces a waxy substance called as mycolic 

acid in its cell envelope. When it is engulfed by phagocytes in the lung, the protective mycolic 

acid coat enables the bacterium to resist some of the killing mechanisms within the 

phagolysosome. Some pathogens such as Staphylococcus aureus produce the exoenzymes 

coagulase that activates blood clotting, hyaluronidase, DNAse etc that facilitates spread 

infection. Kinases released by pathogens allow them to escape and spread if trapped in a clot. 

Such kinase namely staphylokinases and streptokinases produced by Staphylococcus aureus 

and Streptococcus pyrogenes respectively. Some pathogens escape immune attack by adoptive 

antigenic variation. Borrelia burgdorferi, a causative agent of Lyme disease, contains a surface 

lipoprotein VlsE which undergo antigenic variation by genetic recombination and repair, and 

therefore protects the bacterium form recognition by immune cells. Another bacterium, Neisseria 

gonorrhoeae (a causative agent of sexually transmitted disease gonorrhea), type IV pili of which 

undergo antigenic variation and thus able to breach immune system.  

Viral Pathogenesis 

Pathogenesis by viruses also a multistep process as occur in bacterial pathogenesis. One can 

determine a number of steps when a virus is infecting a cell. Intervening in one of these steps 

gives the opportunity to control a viral infection. The following steps can be distinguished: 

• Attachment of the virus to the host cell membrane via binding of molecules of the outer 

surface of the virion to a receptor molecule on the host cell (protein or carbohydrate). 
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• Penetration and uncoating of the virus and subsequent release of the virions into the host 

cell. Some viruses inject their 

material; others enter the cells 

intact (via endosomal entry) and 

are uncoated inside. 

• In Retroviruses (e.g. HIV): 
Reverse transcription of viral 

RNA into DNA. 

• Integration of the viral DNA 

into the host cell genome. 

• Some viruses (e.g. HIV) use the 

cellular system for gene 

duplication and translation, 

while others (herpes) uses their 

own system to produce mRNA 

coding for viral proteins (early 

genes). 

• Synthesis and assembly of 

nucleocapsids (late genes): Synthesis of capsid proteins that self-assemble to form the 

capsid. 

• Virion release: Release of the naked virions by cell lysis, where the cell is destroyed. 

Alternatively, the viruses with envelopes can be released by a process known as budding, in 

which the nucleocapsid is wrapped by the membrane and pinched off. 

Different type of viruses uses different type of receptors present on the host cells for their entry. 

These receptors are as follows:  

Virus Host cell receptor 

HIV CD4 glycoprotein 

HIV CCR5, MCP-1, RANTES 

HIV Chemokine receptor CXCR4 for cytokine SDF-1 

Rabies virus Acetylcholine receptor 

Glandular fever virus Complement C3d of B lymphocytes 

T cell leukemia virus IL-2 receptor on T-lymphocytes 

Infantile diarrhea virus Beta-adrenoreceptor 

Adenoviruses; T-cell leukemia virus MHC molecules 

CD4, Cluster of differentiation-4; CCR5, C-C chemokine receptor type 5; MCP-1, Monocyte 

chemoattractant protein-1; RANTES, Regulated on Activation, Normal T Expressed and 

Secreted (also calleCCL5, Chemokine (C-C motif) ligand 5); CXCR4, C-X-C chemokine 

receptor type 4; SDF-1, Stromal-derived factor 1 
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Virulence factors 

Viruses also utilize virulence factor that help viruses to infect and leads to their pathogenicity. 

Some of the virulence factors present on the virus particles are similar in nature such as presence 

of adhesins on virus particles and adoption of a viral particle to diversify their antigenic 

repertoire (antigenic variation). 

Viral adhesins: First step of viral pathogenesis is an attachment (adhesion) of the virus to 

specific receptors on the surface of cells, which is mediated by adhesins. Viral adhesins are part 

of the viral capsid or membranous envelope. It is the interaction of viral adhesins and specific 

host cell receptor, which determines the tropism of a virus for specific cells, tissues, and organs 

in the body. The classic example is the spike protein hemagglutinin present on Influenza virus 

facilitates binding to sialic acid found on the membrane of host respiratory and intestinal cells. 

Another example is glycoprotein 120 (gp120) found on HIV. HIV requires two receptors to 

infect cells of the immune system. It first interacts with CD4 through gp120 and then interacts 

with CCR5 or CXCR4 chemokine receptors for entry into the cells 

Some Viral Adhesins and Their Host Attachment Sites 

Pathogen Disease Adhesin Attachment Site 

Influenzavirus Influenza Hemagglutinin Sialic acid of respiratory and 

intestinal cells 

Herpes simplex virus I 

or II 

Oral herpes, 

genital herpes 

Glycoproteins gB, 

gC, gD 

Heparan sulfate on mucosal 

surfaces of the mouth and genitals 

Human 

immunodeficiency virus 

HIV/AIDS Glycoprotein gp120 CD4 and CCR5 or CXCR4 of 

immune system cells 

 

Epidemiology of Pathogens 

Epidemic: that disease which occurs suddenly in numbers clearly in access of normal 

expectancy. Disease affects a significantly large number of people at the same time in a 

geographic area such as Influenza. 

Endemic: Disease present or usually prevalent in a population or geographic area at all 

times; examples. Example is cholera (mostly endemic in third world countries). 

Pandemic: A widespread epidemic distributed or occurring widely throughout a region, 

country, continent, or globally. 

Emerging Infectious Diseases: New diseases and diseases with increasing incidences. 

EIDs can result from the use of antibiotics and pesticides, climatic changes, travel, the lack 

of vaccination, and insufficient case reporting. Example is SARS, Lassa Fever, West Nile 

Fever/Encephalitis, Venezuelan Equine Encephalitis etc.   
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