Chapter 8

Epidemiology and Cycle of Microbial Disease

Concepts of Epidemiology

Epidemiology is an investigative branch of medicine that deals with the source, cause, and possible control of infectious disease and other public health problems.  Epidemiologists are challenged to determine why an outbreak of disease occurs at a particular time and/or place.  In doing so, they consider such factors in a population as age distribution, sex, race, personal habits, geographical location, seasonal changes, modes of transmission, etc.  


Epidemiology has a long and interesting history, dating back to Hippocrates (460–377 B.C.), who made astute observations about the link between malaria, yellow fever, and swamps (the breeding ground of the mosquito vector). Edward Jenner’s observations regarding cowpox led to his vaccination for smallpox in the late 1700s. Ignaz Semmelweis, in the mid 1800s, proved that childbed fever resulted from physicians not washing their hands after dissections (Box 8.1). In 1849, a major epidemic of cholera (a diarrheal disease caused by Vibrio cholerae) occurred in London.  John Snow’s detective work showed that most of the cholera victims lived in the Broad Street area and drew their water from the Broad Street pump (Figure 8.1); removing the pump handle ended the cholera epidemic. 

Sporadic diseases occur only occasionally and in an unpredictable fashion; tetanus is a good example. Endemic diseases are regularly found at a steady level in a particular location (the common cold is endemic across the United States, whereas Lyme disease is endemic primarily to some New England states).  A sudden increase in morbidity (illness rate) and mortality (death rate) above the usual for a disease is indicative of an epidemic (e.g., the Black Death or plague of the middle ages).  Epidemics that spread across continents are pandemics.  AIDS and the 1918 influenza are the two largest in history.  

Epidemiologists use a variety of graphs, charts, and maps as tools to illustrate the frequency and distribution of diseases (Figure 8.3). There are two recognized types of epidemic (Figure 8.4).  Common-source epidemics involve contact with a single contamination source (usually fecal contamination of food and water).  Propagated epidemics result from person-to-person contact; infected individuals may only spread the pathogen to noninfected susceptible individuals (mumps and chicken pox are examples). The term herd immunity refers to the proportion of immunized individuals in a population. The smaller the number of susceptible (nonimmune) individuals in a population, the less opportunity there is for contact between them and infected individuals. Maintaining high levels of herd immunity against communicable diseases is important in preventing epidemics.  People born after smallpox was declared eradicated in 1980 have not been immunized against smallpox; consequently there is little herd immunity to this disease, which is a prime candidate for use as a biological weapon. To keep track of infectious diseases in the United States, physicians are required to report cases of certain notifiable diseases.  Since 1994, the list of notifiable diseases has risen from 49 to 64 (Table 8.1).

Cycle of Microbial Disease

For infectious diseases to exist at the community level, a chain of linked factors contributes to the cycle of microbial disease. These factors are reservoirs, modes of transmission, and portals of entry and exit (Figure 8.5). An understanding of these factors is imperative to breaking the cycle. 

Reservoirs of Infection

A reservoir is a site in nature in which microbes survive (and possibly multiply) and from which they may be transmitted. To exist, all pathogens must have one or more reservoirs. Reservoirs are prime targets for preventing, minimizing, and eliminating existing and potential epidemics. Humans are the only known reservoir for smallpox, gonorrhea, measles, polio, etc. Consequently, smallpox was eradicated once the last infected person was cured.  Eradication is unlikely for most other pathogens, as animals, plants, and nonliving environments may also serve as reservoirs. The reservoir may be distinct from the source of the pathogen. For example, in typhoid fever the reservoir may be an individual who sheds typhoid bacilli in feces; the immediate source would be water or food contaminated with the fecal material. In most sexually transmitted diseases a person’s body serves as both reservoir and source. Active carriers are those individuals who have a microbial disease, whereas healthy carriers have no symptoms and may unwittingly pass the disease on to others.  Chronic carriers continue to harbor the microbe after recovery, a state that can continue indefinitely without the person again becoming ill.  Typhoid fever and tuberculosis are two infections that frequently lead to a carrier state. Depending on the disease, carriers may discharge microbes via portals of exit, including respiratory secretions, feces, urine, and vaginal and penile discharges.


Domestic and wild animals serve as reservoirs for about 150 species of microbial pathogens of humans. These diseases are referred to as zoonoses (Table 8.2).  Eradication of a zoonotic disease requires eliminating the reservoir, an unrealistic goal in many cases.

Nonliving Reservoirs
Some organisms are able to survive and multiply in nonliving environments, such as soil and water. Spore formers, like the clostridia that cause tetanus and botulism, can survive for many years in soil. Certain helminth (worm) parasites (e.g., hookworms) deposit their eggs onto the soil, establishing a reservoir for human infection (Figure 8.6).  Contaminated drinking water and foods are major reservoirs for many microbes that cause gastrointestinal tract disease (many are severe and some fatal). The list includes bacteria, viruses, and protozoa (Table 8.3). Due to the significance of water​borne and food-borne infections, public health authorities devote significant resources to monitor drinking water, beaches, food service establishments, and food handlers.

Transmission

Transmission is the mechanism by which an infectious agent is spread to a susceptible person (Figure 8.7).  There are several modes of transmission, and they can be grouped into two major pathways, direct and indirect (Table 8.4).

Direct Transmission
The most common type of direct transmission is direct contact (e.g., sexual contact, kissing, and touching). Sexual contact is an example of horizontal transmission (i.e., transmission from an infected person to a susceptible host). Droplet transmission results from droplets (generated from coughing, sneezing, talking, and laughing) directly contacting the conjunctivae of the eyes or the mucous membranes of the nose or mouth. Droplets are 10 micrometers or greater in diameter and travel only 1 meter or less. Animal bites are another example of direct transmission (e.g., rabies). Transplacental transmission is the third, and final, example of direct contact; the pathogens are passed from mother to offspring (vertical transmission) across the placenta (AIDS, measles, and chicken pox), in breast milk, or in the birth canal (syphilis and gonorrhea). 

Indirect Transmission
Indirect transmission is the passage of pathogens from a reservoir (or source) to an intermediate agent and then to a host. The intermediate agent can be living or nonliving.  Vehicle-borne transmission is via food, water, biological products (organs, blood, blood products), and fomites (inanimate objects). Waterborne transmission is a major cause of death in many developing countries as a result fecal-oral transmission.  The list of fomites includes an endless array of common objects, such as doorknobs, keyboards, pen/pencils, kids’ toys, exercise equipment, soiled bedding and clothing, dirty needles, surgical and dental instruments, etc. Frequent hand washing has been shown to markedly reduce hand-to-mouth (and nose and eye) infection.

Airborne transmission of aerosols is the second type of indirect transmission. Aerosols are suspensions of tiny (less than 4 micrometers) water or dust particles in the air; unlike droplets, they are small enough to remain airborne for extended periods. Aerosols cause outbreaks of Q fever, tuberculosis, and psittacosis (from infected birds). 

The third type of indirect transmission is vector transmission. Vectors are living organisms that transmit pathogens from one host to another. Arthropods include some of the most common vectors (i.e., ticks, ﬂies, mosquitoes, lice, and ﬂeas).  Insect vectors are also of significance (the “kissing bug” of Chagas’ disease).  These vectors are important in the cycle of infection, controlling them can lead to disease control.  Mechanical vectors transmit pathogens passively on their feet and other body parts; the microbes do not invade, multiply, or develop in the vector. A housefly feeding on feces and then landing and walking on food is a good example (diarrheal diseases may be transmitted this way). Biological vectors are a necessary part of the life cycles of a pathogen; transmission by biological vectors is an active process. A mosquito picks up the malarial parasite while taking a blood meal from an infected person; the parasites are not yet at an infective stage. Further development in the mosquito’s body results in parasites that are now infective (they are transmitted during the next blood meal). Mosquitoes, ﬂeas, lice, and ticks are common biological vectors; mosquitoes are able to transmit bacterial, viral, protozoal, and worm diseases (Table 8.6). Vectorborn diseases are numerous and varied, and they are emerging and reemerging throughout the world (Table 8.7 and Figure 8.9).  There are many success stories regarding control of vectorborn diseases (Table 8.8). However, no country is immune from the threat of vectorborn diseases (the recent emergence of West Nile virus in the United States is a good example).

Portals of Entry

The next step in the cycle of disease involves invasion of microbes in or onto the body through portals of entry. Body openings, including the mouth, nose, ears, eyes, anus, urethra, and vagina, and penetration of the skin make it possible for microbes to gain entry. The portal of entry can be important in the outcome of an infection. Bubonic plague results from the bite of a plague-infected ﬂea, but if the Y. pestis bacterium enters via the respiratory tract (lungs), a more lethal pneumonic form of plague results. Table 8.9 and Figure 8.10 summarize the portals of entry by anatomical sites. 

Portals of Exit

To complete the cycle of infectious disease and to allow transmission to new hosts, pathogens require a portal of exit (Table 8.9 and Figure 8.10). In some cases the portal of exit relates to the area of the body that is infected (i.e., respiratory infections like colds and inﬂuenza, exit the nose and mouth). This is not always the case, particularly for invasive microbes that penetrate and spread throughout the body. 
Nosocomial (Hospital Acquired) Infections

Nosocomial infections are those infections acquired by patients (or hospital personnel) in a hospital or in another long-term health care facility. These infections account for about 50% of the major complications of hospitalization, and 20 to 40 thousand deaths in the United States annually. 

Hospital Environment as a Source of Nosocomial Infections

Many factors place patients and hospital staff at an increased risk for infection. Many patients are ill and may have a weakened immune system (making them more susceptible to pathogens and opportunistic microbes). Hospitals foster the development of antibiotic-resistant strains of bacteria. Invasive procedures and insert​ion of needles, catheters, tubes, etc., facilitate the direct transmission of microbes.  The urinary tract is most prone to infection, followed by surgical sites and the respiratory tract (Table 8.10).

Control Measures

Hospitals spend considerable time and money to minimize the possibility of microbial contamination in all aspects of the hospital environment. An infection control officer is responsible for training hospital personnel in basic infection control procedures (including isolation procedures and proper techniques of disinfection and sterilization).  Emphasiz​ing the importance of hand washing is the most effective way to minimize infections. 

Epidemiology of Fear

The threat of infectious disease, according to some experts, is out of proportion. Escherichia coli outbreaks, avian ﬂu, SARS, and West Nile virus are continually in the news and on book and magazine racks.  West Nile virus emerged in the Western Hemisphere for the ﬁrst time in the summer of 1999 in New York State and caused illness in more than sixty people and the death of seven. By the summer of 2000, infected birds were detected in Massachusetts, Connecticut, and Rhode Island, generating concern among public health officials about an epidemic of fear. 

