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A pathological condition spread among all biological species. Infectious diseases, although varied in their effects, are 

always associated with viruses, bacteria, fungi, protozoa, multicellular parasites and aberrant proteins known as prions. A 

complex series of steps, mediated by factors contributed by both the infectious agent and the host, is required for 

microorganisms or prions to establish an infection or disease. Worldwide, infectious diseases are the third leading cause of 

human death. 

Pathogenic microorganisms 

It is difficult to group microorganisms as exclusively commensal or pathogenic species. The most common relationship 

between a host and a microorganism is a commensal one, in which advantages exist for both organisms. For example, 

hundreds of billions of bacteria of many genera live in the human gastrointestinal tract, coexisting in ecological balance 

without causing disease. These bacteria help prevent the invasion of the host by more virulent organisms such as 

Salmonella, Shigella, or Campylobacter species. In exchange, the host provides an environment in which harmless bacteria 

can readily receive nutrients to fulfill their metabolic needs. There are very few microorganisms that cause disease every time 

they encounter a host. Instead, many factors of both host and microbial origin are involved in infectious disease. These 

factors include the general health of the host, previous exposure of the host to the microorganism, and the complement of 

molecules produced by the bacteria. Pathogenic microorganisms are frequently categorized by the host site where they most 

commonly cause disease. For example, Bacteroides, Prevotella, and Haemophilus species are usually associated with 

respiratory tract infections, while poxviruses and Trichophyton species are frequently encountered on the skin. Some 

microorganisms, such as Staphylococcus species, can cause a myriad of infections involving the respiratory, gastrointestinal, 

and genitourinary tracts, as well as skin, eyes, or ears. 

Infectious disease transmission 

Spread of a pathogenic microorganism among individual hosts is the hallmark of an infectious disease. This process, known 

as transmission, may occur through four major pathways: contact with the microorganism, airborne inhalation, through a 

common vehicle such as blood, or by vector-borne spread. 

C o n t a c t  s p r e a d  

In contact-spread disease, the host is in direct or indirect contact with the infectious agent. Most sexually transmitted diseases 

are spread by direct contact with the microorganism from an infected host. Indirect transmission occurs via an inanimate 
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object that carries the infecting organism, as in spread of infections resulting from the sharing of needles among intravenous 

drug abusers. Another route of transmission involves spread by droplets, relatively large particles coughed or sneezed into 

the air. The droplets are usually broadcast within a few feet of the infected host and transmitted to a susceptible individual 

nearby; examples include streptococcal pharyngitis (strep throat) and measles. See also: Streptococcus (/content 

/streptococcus/659900) 

A i r b o r n e  s p r e a d  

Transmission through the air (beyond a few feet from the infected host) occurs when microorganisms attach to dust particles 

or when they are contained in aerosols. Particles may remain suspended in the air for hours or days, and if they are of the 

appropriate size they can be inhaled. Tuberculosis (Mycobacterium tuberculosis) and chickenpox (varicella zoster virus) are 

examples of diseases transmitted by the airborne route. See also: Chickenpox and shingles (/content/chickenpox-

and-shingles/129500); Tuberculosis (/content/tuberculosis/713400) 

Common - v e h i c l e  s p r e a d  

Persons can become infected following contact with a contaminated common vehicle, such as food, water, or blood. 

Poisoning by Escherichia coli toxins, mycotoxins (fungal toxins), Clostridium botulinum toxins, and the Staphylococcus aureus 

enterotoxins is primarily through the ingestion of contaminated food products. The infectious agents of spongiform 

encephalopathies, such as mad cow disease, are known as prions and are transmitted through contaminated feed. Typhoid 

fever, cholera, and amebic dysentery are examples of illnesses acquired through contaminated drinking water. Hepatitis B 

and acquired immune deficiency syndrome (AIDS) are examples of viral diseases spread by transfusion with infected blood. 

See also: Botulism (/content/botulism/092400); Food poisoning (/content/food-poisoning/267100); Hepatitis (/content 

/hepatitis/314700); Water-borne disease (/content/water-borne-disease/738410) 

Ve c t o r - b o r n e  s p r e a d  

Transmission of microorganisms can occur through an intermediate vector, such as an insect of arthropod. Often the 

intermediate host is a necessary agent, serving an essential biological role in the microorganism's life cycle. For example, 

mosquitoes spread the malaria-causing protozoon Plasmodium falciparum and the yellow fever arbovirus as they transmit 

infected blood from one mammal to another. Spotted fever, caused by Rickettsia rickettsii, and Lyme disease, caused by the 

spirochete Borrelia burgdorferi, are transmitted via the bite of an infected tick. See also: Lyme disease (/content/lyme-

disease/393050); Malaria (/content/malaria/401800); Yellow fever (/content/yellow-fever/753300) 

Pathogenesis of infection 

The manner in which an infectious disease develops, or its pathogenesis, usually follows a consistent pattern. To initiate an 

infection, there must be a physical encounter as which the microorganism enters the host. The most frequent portals of entry 

are the respiratory, gastrointestinal, and genitourinary tracts as well as breaks in the skin. Surface components on the 

invading organism determine its ability to adhere and establish a primary site of infection. For example, the influenza A virus 

targets epithelial cells of the respiratory tract. After infection, the virus interacts with the host to cause typical symptoms of the 

flu. In another example, the protozoon Entamoeba histolytica adheres to cells lining the colon to produce the diarrhea 

associated with amebic dysentery. The cellular specificity of adherence of microorganisms often limits the range of 

susceptible hosts. For example, although measles and distemper viruses are closely related, dogs do not get measles and 

humans do not get distemper. 

From the initial site of infection, microorganisms may directly invade further into tissues or travel through the blood or
	

lymphatic system to other organs. For example, Neisseria meningitidis colonizes the mucous membranes of the upper
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respiratory tract of humans. However, the bacteria must spread through the bloodstream into the protective membranes that 

cover the brain and spinal cord for a life-threatening disease known as meningitis to occur. 

Microorganisms produce toxins that can cause tissue destruction at the site of infection, can damage cells throughout the 

host, or can interfere with the normal metabolism of the host. The damage that microorganisms cause is directly related to the 

toxins they produce. Toxins are varied in their mechanism of action and host targets. For example, Staphylococcus aureus 

can express several toxins that destroy tissue near its site of entry into the body, leading to the formation of boils, carbuncles, 

and abscesses. The tissue-damaging toxins collegenase, coagulase, hemolysins, proteases, and hyaluronidases serve either 

to protect the bacteriaL host defenses or to promote the spread of bacteria within the host. For example, coagulase, in 

conjunction with serum factors from the host, contributes to the formation of a fibrin clot that surrounds the bacteria, insulating 

them from destruction by the host. Alternatively, the enzyme hyaluronidase can weaken the host's connective tissue, 

facilitating the spread of the bacteria. Another bacterium, Clostridium tetani, produces a powerful toxin with a systemic effect. 

This toxin blocks the normal relaxation impulses of the nerves and thus causes the severe muscle spasms characteristic of 

tetanus. Cholera can interfere with the metabolism of the host. This ancient disease is contracted by ingesting water 

contaminated by the bacterium Vibrio cholerae. The bacterium releases a protein (an enterotoxin) that causes severe 

diarrhea by stimulating the secretion of enormous quantities of watery fluid from the small intestine. Patients lose so much 

body fluid that they go into shock and die. See also: Cholera (/content/cholera/132800); Staphylococcus (/content 

/staphylococcus/651200); Tetanus (/content/tetanus/686200) 

Response to infection 

The host's reaction to an infecting organism is the inflammatory response, the body's most important internal defense 

mechanism. Although the inflammatory response is also seen as secondary to physical injury and nonspecific immune 

reactions, it is a reliable indicator of the presence of pathogenic microorganisms. Inflammation is characterized by the 

cardinal signs of heat, redness, swelling, and pain. The warmth and redness are due to the dilation of minute blood vessels 

near the site of infection. The increased permeability of those vessels causes them to release fluid into the area causing 

swelling, and the irritation of nearby nerve endings causes pain. The dilated small vessels allow more blood to flow to the site 

of infection, while the enhanced permeability of the blood vessels permits increased numbers of disease-fighting substances 

to the area. Immune cells known as lymphocytes and granulocytes are carried by the blood to the site of infection. These cells 

either engulf and kill, or secrete substances which inhibit and neutralize, microorganisms. Other white blood cells, primarily 

monocytes, recognize foreign organisms and transmit chemical signals to other cells of the host's immune system, triggering 

the production of specific antibodies or specialized killer cells, both of which are lethal to the infecting microorganism. Any 

influence that reduces the immune system's ability to respond to foreign invasion, such as radiation therapy, chemotherapy, or 

destruction of immune cells by an immunodeficiency virus such as HIV, increases the likelihood that a organism will cause 

disease within the host. See also: Inflammation (/content/inflammation/343600) 

Infectious disease control 

Chemical compounds that are more toxic to microorganisms than to the host are commonly employed in the prevention and 

treatment of infectious disease; however, the emergence of drug-resistant organisms has led to increases in the morbidity 

and mortality associated with some infections. Other methods for controlling the spread of infectious diseases are 

accomplished by breaking a link in the chain of transmission between the host, microorganism, and mode of spread by 

altering the defensive capability of the host. Overall, the three most important advances to extend human life are clean water, 

vaccination, and antibiotics (in that order of importance). 

Ve c t o r  c o n t r o l  
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Water-borne infections are controlled by filtration and chlorination of municipal water supplies. Checking food handlers for 

disease, refrigeration, proper cooking, and eliminating rodent and insect infestation have markedly reduced the level of food 

poisonings. The transmission of vector-borne diseases can be controlled by eradication of the vector. Control of malaria in the 

United States succeeded after mosquito-breeding areas were drained and sprayed with insecticides. Blood-borne infections 

are reduced by screening donated blood for antibodies specific for HIV and other viruses and by rejecting donations from 

high-risk donors. For diseases such as tuberculosis, the airborne spread of the causative agent, Mycobacterium tuberculosis, 

can be reduced by quarantining infected individuals. The spread of sexually transmitted diseases, including AIDS, syphilis, 

and herpes simplex, can be prevented by inhibiting direct contact between the pathogenic microorganism and uninfected 

hosts. See also: Acquired immune deficiency syndrome (AIDS) (/content/acquired-immune-deficiency-syndrome-

aids/007175) 

Va c c i n a t i o n  

The spread of an illness can be halted by activating the immune system of the host. The most beneficial implementation of 

that concept has been vaccination, which renders an individual immune to an illness. Children in the United States are 

routinely immunized against diphtheria, whooping cough, tetanus, measles, mumps, rubella, chickenpox, and poliomyelitis. 

Because of a global vaccination programs, smallpox has been eradicated, and soon polio may be eliminated throughout the 

world. 

A n t i m i c r o b i a l  d r u g s  

Drug therapy encompasses many classes of compounds that are active against common pathogens. These drugs are the 

“magic bullets” envisioned by Paul Erhlich to kill bacterial, viral, fungal, or protozoan pathogens without harming their human 

host. The pencillins, cephalosporins, and vancomycin are selective inhibitors of synthesis of the rigid cell wall that surrounds 

bacteria. Other antibacterial drugs, such as the tetracyclines and the aminoglycosides, block protein synthesis by the bacteria 

but not by the cells of the host. Still other compounds can alter the cell wall of bacterial cells, blocking the transport of 

nutrients into the cell. Viruses, because of their unique structure and method of replication, can be susceptible to drugs such 

as amantadine hydrochloride, which blocks the penetration of certain myxoviruses such as influenza A, or drugs that inhibit 

enzymes such as deoxyribonucleic acid (DNA) polymerases, proteases, or kinases that viruses use to replicate. Compounds 

that inhibit or suppress the growth of pathogenic fungi and protozoa have been used as effective treatment for infectious 

diseases caused by these agents, although side effects can limit their utility. See also: Diphtheria (/content/diphtheria 

/197600); Epidemiology (/content/epidemiology/237700); Mumps (/content/mumps/439400); Poliomyelitis (/content 

/poliomyelitis/532900); Rubella (/content/rubella/595100); Smallpox (/content/smallpox/628900); Vaccination (/content 

/vaccination/725200); Whooping cough (/content/whooping-cough/745600) 

Peter J. McNamara 
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