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PATHOGENESIS OF BACTERIAL INFECTION

The pathogenesis of bacterial infection includes initiation ofthe infectious process and the

mechanisms that lead to thedevelopment of signs and symptoms of disease.

Humans and animals have abundant normal microbiotathat usually do not produce

disease but achieve a balance that ensures the survival, growth, and propagation of both
the bacteria and the host. Some bacteria that are important causes of disease are cultured
commonly with the normal flora (eg, Streptococcus pneumoniae, Staphylococcus aureus).
Sometimes bacteria that are clearly pathogens (eg, Salmonella serotype Typhi) are present,

but infection remains latent or subclinical, and the host is a “carrier” of the bacteria.

Glossary

Adherence (adhesion, attachment): The process by whichbacteria stick to

the surfaces of host cells. After bacteriahave entered the body, adherence is
a major initial step inthe infection process. The terms adherence, adhesion,

andattachment are often used interchangeably.

Carrier: A person or animal with asymptomatic infection thatcan be

transmitted to another susceptible person or animal.



Infection: Multiplication of an infectious agent within thebody. Multiplication
of the bacteria that are part of thenormal flora of the gastrointestinal tract,
skin, and so onis generally not considered an infection; on the otherhand,
multiplication of pathogenic bacteria (eg, Salmonellaspecies)-even if the

person is asymptomatic-is deemedan infection.

Invasion: The process whereby bacteria, animal parasites,fungi, and viruses

enter host cells or tissues and spread inthe body.

Microbiota:Microbial flora harbored by normal, healthyindividuals.

Nonpathogen: A microorganism that does not cause disease;may be part of

the normal microbiota.

Opportunistic pathogen: An agent capable of causingdisease only when the

host’s resistance is impaired (ie,when the patient is

“immunocompromised”).

Pathogen: A microorganism capable of causing disease.

Pathogenicity: The ability of an infectious agent to causedisease. (See

also virulence).

Superantigens: Protein toxins that activate the immunesystem by binding to

major histocompatibility complex(MHC) molecules and T-cell receptors

3



(TCR) and stimulatelarge numbers of T cells to produce massive quantities

ofcytokines.

Toxigenicity: The ability of a microorganism to produce atoxin that

contributes to the development of disease.

Virulence: The quantitative ability of an agent to causedisease. Virulent
agents cause disease when introducedinto the host in small numbers.

Virulence involvesadherence, persistence, invasion, and toxigenicity.

TRANSMISSION OF INFECTION

Bacteria can adapt to a varietyof environments that include external sources such as
soil,water and organic matter or internal milieu as found withininsect vectors, animals and
humans, where they normallyreside and subsist. In doing so, the bacteria ensure their
survival and enhance the possibility of transmission. By producingasymptomatic infection
or mild disease rather thandeath of the host, microorganisms that normally live in
peopleenhance the possibility of transmission from one personto another.

Some bacteria that commonly cause disease in humansexist primarily in animals and
incidentally infect humans.For example, Salmonella and Campylobacterspecies
typicallyinfect animals and are transmitted in food products tohumans. Other bacteria

produce infection of humans that isinadvertent, a mistake in the normal life cycle of the



organism;the organisms have not adapted to humans, and the diseasethey produce may be
severe. For example, Yersiniapestis(plague) hasa well-established life cycle in rodents and
rodent fleas, andtransmission by the fleas to humans s inadvertent;
Bacillusanthracis(anthrax) lives in the environment, occasionallyinfects animals, and is
transmitted to humans by productssuch as raw hair from infected animals. The
Clostridiumspeciesare ubiquitous in the environment and are transmitted tohumans by
ingestion (eg, C.perfringensgastroenteritis and C. botulinum[botulism]) or when wounds
are contaminated bysoil (eg, C.perfringens[gas gangrene] and C.tetani[tetanus]).

Both Bacillus anthracisand the Clostridiumspecies elaboratespores to protect the
organisms’ nucleic acid from harshenvironmental factors such as ultraviolet light,
desiccation,chemical detergents, and pH extremes. These spores ensuresurvival in external
environments including foods ingestedby humans. After being ingested or inoculated, the
sporesgerminate into the vegetative, metabolically active form ofthe pathogen.

The clinical manifestations of diseases (eg, diarrhea,cough, genital discharge) produced by
microorganisms oftenpromote transmission of the agents. Examples of clinical
syndromesand how they enhance transmission of the causativebacteria are as follows:
Vibrio choleraecan cause voluminousdiarrhea, which may contaminate salt and fresh
water;drinking water or seafood such as oysters and crabs may becontaminated; ingestion
of contaminated water or seafoodcan produce infection and disease. Similarly,
contaminationof food products with sewage containing Escherichia colithatcausediarrhea

results in transmission of the bacteria. Mycobacterium tuberculosis(tuberculosis) naturally
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infects only humans; it producesrespiratory disease with cough and production of
aerosols,resulting in transmission of the bacteria from one person toanother.

Many bacteria are transmitted from one person toanother on hands. A person with
Staphylococcusaureuscarriage in theanterior nares may rub his nose, pick up the
staphylococci onthe hands, and spread the bacteria to other parts of the bodyor to another
person, where infection results. Many opportunisticpathogens that cause nosocomial
infections are transmittedfrom one patient to another on the hands of hospitalpersonnel.
Handwashing is thus an important component ofinfection control.

The most frequent portals of entry of pathogenicbacteria into the body are the sites
where mucous membranes meet with the skin, which are the respiratory (upper andlower
airways), gastrointestinal (primarily mouth), genital,and urinary tracts. Abnormal areas of
mucous membranesand skin (eg, cuts, burns, and other injuries) are also frequentsites of
entry. Normal skin and mucous membranes providethe primary defense against infection.

To cause disease,pathogens must overcome these barriers.
THE INFECTIOUS PROCESS

In the body, most bacteria that cause disease do so first byattaching or adhering to host
cells, usually epithelial cells.After the bacteria have established a primary site of
infection,they multiply and spread directly through tissues orvia the lymphatic system to

the bloodstream. This infection(bacteremia) can be transient or persistent.



Bacteremiaallows bacteria to spread widely in the body and permitsthem to reach tissues
particularly suitable for theirmultiplication.

Pneumococcal pneumonia is an example of the infectiousprocess.
Streptococcuspneumoniaecan be cultured from the nasopharynxof 5-40% of healthy
people. Occasionally, pneumococcifrom the nasopharynx are aspirated into the lungs;
aspirationoccurs most commonly in debilitated people and in settingssuch as coma when
normal gag and cough reflexes arediminished.Infection develops in the terminal air spaces
ofthe lungs in persons who do not have protective antibodiesagainst that particular
pneumococcal capsular polysaccharidetype. Multiplication of the pneumococci and
resultantinflammation lead to pneumonia. The pneumococci enterthe lymphatics of the
lung and move to the bloodstream. Between 10% and 20% of persons with pneumococcal
pneumoniahave bacteremia at the time the diagnosis of pneumoniais made. When
bacteremia occurs, the pneumococci canspread to secondary sites of infection (eg,
cerebrospinal fluid,heart valves, and joint spaces). The major complications
ofpneumococcal pneumonia are meningitis, septic arthritis,and rarely endocarditis.

The infectious process in cholera involves ingestion ofVibriocholerae, chemotactic
attraction of the bacteria to the gutepithelium, motility of the bacteria by a single polar
flagellum,and penetration of the mucous layer on the intestinalsurface. The
V.choleraeadherence to the epithelial cell surfaceis mediated by pili and possibly other
adhesins. Production ofcholera toxin results in flow of chloride and water into thelumen of

the gut, causing diarrhea and electrolyte imbalance.
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