PUBLIC HEALTH MICROBIOLOGY
Public health, the art and science of preventing disease, prolonging life, and promoting physical and mental health, sanitation, personal hygiene, control of infectious diseases, and organization of health services. From the normal human interactions involved in dealing with the many problems of social life, there has emerged a recognition of the importance of community action in the promotion of health and the prevention and treatment of disease, and this is expressed in the concept of public health.

Some common diseases and the date of discovery of their causative agent illustrate this point:

· Anthrax (1876)
· Gonorrhea (1879)
· Typhoid fever (1880)
· Malaria (1880)
· Tuberculosis (1882)
· Diphtheria (1883)
· Cholera (1884)
· Tetanus (1884)
 Some of the most notable successes of medical microbiology include the development of vaccines beginning in the 1790s, antibiotics during the mid-20th century, and the global eradication of smallpox by 1977.
Despite such great advances in identifying and controlling agents of disease and in devising methods for their control, the world still faces the threat of diseases such as AIDS and hantavirus pulmonary syndrome (HPS), the reemergence of old scourges such as tuberculosis, cholera, and diphtheria, and the increasing resistance of microbes to antibiotics.

THE STUDY OF MICROORGANISMS
The study of microorganisms can be divided into two generalized and sometimes overlapping categories. Which are; Basic microbiology (biology of microorganisms), Applied microbiology (the use of microorganisms to accomplish specific objectives).

Basic microbiology

The study of the biology of microorganisms requires the use of many different procedures as well as special equipment. The biological characteristics of microorganisms can be summarized under the following categories: morphology, nutrition, physiology, reproduction and growth, metabolism, pathogenesis, antigenicity, and genetic properties.

Morphology
Morphology refers to the size, shape, and arrangement of cells. The observation of microbial cells requires not only the use of microscopes but also the preparation of the cells in a manner appropriate for the particular kind of microscopy (compound light microscope was the instrument commonly used in microbiology). 
i. Light microscopes have a usual magnification factor of 1000 × and a maximum useful magnification of approximately 2000 ×. Specimens can be observed either after they have been stained by one of several techniques to highlight some morphological characteristics or in living, unstained preparations as a “wet mount.”
ii. Electron microscopy : The development of the electron microscope and complimentary techniques vastly increased the resolving power beyond that attainable with light microscopy.

Metabolism
Collectively, microorganisms show remarkable diversity in their ability to produce complex substances from simple chemicals and to decompose complex materials to simple chemicals. An example of their synthetic ability is nitrogen fixation—the production of amino acids, proteins, and other organic nitrogen compounds from atmospheric nitrogen (N2). Certain bacteria and blue-green algae (cyanobacteria) are the only organisms capable of this ecologically vital process. An example of microbes’ ability to decompose complex materials is shown by the white and brown rot fungi that decompose wood to simple compounds, including CO2.

Laboratory procedures are available that make it possible to determine the biochemical capability of a species qualitatively and quantitatively. Routine techniques can identify which compounds or substances are degraded by a specific microbe and which products are synthesized. Through more elaborate experimentation it is possible to determine step-by-step how the microbe performs these biochemical changes. Studies can be performed in a number of ways using growing cultures, “resting cells” (suspensions of cells), cell-free extracts, or enzyme preparations from cells.

Certain biochemical tests are routinely used to identify microbes—though more in the case of bacteria than algae, fungi, or protozoa. The adoption of routine sets of laboratory tests has allowed automated instrumentation to perform the tests. For instance, technicians often simply inoculate individual units of a “chamber” that is preloaded with a specific chemical substance (the substrate) and then place the chamber into an apparatus that serves as an incubator and analyzer. The apparatus automatically records the results and is frequently capable of calculating the degree of accuracy of the identification.

Pathogenesis

Some microorganisms cause diseases of humans, other animals, and plants. Such microbes are called pathogens. Pathogens are identified by the hosts they infect and the symptoms they cause; it is also important to identify the specific properties of the pathogen that contribute to its infectious capacity—a characteristic known as virulence. The more virulent a pathogen, the fewer the number needed to establish an infection.

Antigenic characteristics

An antigen is a substance that, when introduced into an animal body, stimulates the production of specific substances (antibodies) that react or unite with the antigen. Microbial cells and viruses contain a variety of antigenic substances. A significant feature of antigen-antibody reactions is specificity; the antibodies formed as a result of inoculating an animal with one microbe will not react with the antibodies formed by inoculation with a different microbe. Antibodies appear in the blood serum of animals, and laboratory tests of antigen-antibody reactions are performed by using sera—hence the term serological reactions. Thus, it is possible to characterize a microorganism by its antigenic makeup as well as to identify microorganisms by using one of many different serological tests. Antigens and antibodies are important aspects of immunity, and immunology is included in the science of microbiology.

Genetic characterization

Since the last quarter of the 20th century, researchers have accumulated a vast amount of information elucidating in precise detail the chemical composition, synthesis, and replication of the genetic material of cells. Much of this research has been done by using microorganisms, and techniques have been developed that permit experimentation at the molecular level. For instance, experiments determining the degree of similarity between different organisms’ DNA and RNA have provided new insights for the classification of microorganisms. Test kits are available for the identification of microorganisms, particularly bacteria, by DNA probes.

Applied microbiology

Genetic engineering is an example of how the fields of basic and applied microbiology can overlap. Genetic engineering is primarily considered a field of applied microbiology (that is, the exploitation of microorganisms for a specific product or use). The methods used in genetic engineering were developed in basic research of microbial genetics. Conversely, methods used and perfected for applied microbiology can become tools for basic microbiology. 
The scientific advances that have made genetic engineering a reality have broad implications for the future. By introducing foreign genes into microorganisms, it may be possible to develop strains of microbes that offer new solutions to such diverse problems as pollution, food and energy shortages, and the treatment and control of disease. 

Since the invention of recombinant DNA technology in 1973, techniques have been developed whereby genes from one cell can be transferred to an entirely different cell, as when a gene is transferred from an animal cell to a bacterium or from a bacterium to a plant cell. Recombinant DNA technology opened the door to many new medical and industrial applications of microbiology, and it plays a central role in genetic engineering.

Infectious agents

Biotic agents include life-forms that range in size from the smallest virus, measuring approximately 20 nanometres (0.000 000 8 inch) in diameter, to tapeworms that achieve lengths of 10 metres (33 feet). These agents are commonly grouped as viruses, rickettsiae, bacteria, fungi, and parasites. The disease that these organisms cause is only incidental to their struggle for survival. Most of these agents do not require a human host for their life cycles. Many survive readily in soil, water, or lower animal species and are harmless to humans. Other living organisms, which require the temperature range of endothermic (warm-blooded) animals, may flourish on the skin or in the secretions of fluids of the mouth or intestinal tract but do not invade tissue or cause disease under normal conditions. Thus there is a distinction to be made between infection and disease.

All animals are infected with biotic agents. Those agents that do not cause disease are termed nonpathogenic, or commensal. Those that invade and cause disease are termed pathogenic. Streptococcus viridans bacteria, for example, are found in the throats of more than 90 percent of healthy persons. In this area they are not considered pathogenic. The same organism cultured from the bloodstream, however, is highly pathogenic and usually indicates the presence of the disease subacute bacterial endocarditis (chronic bacterial invasion of the valves of the heart). In order for such nonpathogenic agents to achieve pathogenicity, they obviously must overcome the defenses of the host. Most biotic agents require a portal of entry through the intact skin or mucosal linings of the body. They must be present in sufficient number to escape the phagocytes. They must be capable of surviving the inflammatory and immune response. Ultimately, to induce disease, they must have sufficient virulence and invasiveness to cause significant tissue injury.

Invasiveness and virulence

Invasiveness is the capability of penetrating and spreading throughout tissues. Remarkably, little is known of the factors that condition it. In a few instances enzymes produced by biotic agents have been identified that are capable of breaking down the integrity of the supporting tissues of the body, thereby preparing a pathway for the spread of the organism.

Only very few bacteria release such enzymes, however, and there are marked differences in invasiveness to be found among the various types of bacteria. The organism that causes diphtheria (Corynebacterium diphtheriae), for example, is capable of invading only the surface cells of the mouth and throat. The disease that results is caused by the production of a powerful exotoxin (a chemical substance produced by the organism and released into the surrounding tissues) that is absorbed into the bloodstream from the local infection within the throat. This exotoxin causes major damage in the heart and the nervous system. The diphtheria bacillus, therefore, is an example of a serious infection in which the organism has low invasiveness. In contrast, the bacterium that causes syphilis (Treponema pallidum) has a high degree of invasiveness. It is one of the rare biotic agents that are capable of penetrating intact skin and mucosal linings of the body.

The invasiveness of viruses undoubtedly is facilitated by their extremely small size, but, because of this size, the exact mechanism is difficult to study. In the case of fungi and parasites, the invasiveness is related to the life cycle of the organism. The formation of tiny spores by fungi and the smaller reproductive forms of the parasites provide vehicles by which infection may be drawn into the lungs or may pass through tiny defects in the skin or mucosal linings of the various openings and tracts of the body.

In general, virulence is the degree of toxicity or the injury-producing potential of a microorganism. The words virulence and pathogenicity are often used interchangeably. The virulence of bacteria usually relates to their capability of producing a powerful exotoxin or endotoxin. Invasiveness also adds to an organism’s virulence by permitting it to spread.

Antimicrobial drugs also have drawbacks as well as benefits. A patient suffering from a streptococcal disease, for example, may appropriately be treated with penicillin. Certain strains of staphylococci, however, are resistant to penicillin. Although the streptococcal organisms, as well as other commensals, may be eradicated by the antibiotic, the resistant staphylococci begin to proliferate, possibly because the competition with other bacteria for nutrients and food supply has been removed. In this noncompetitive situation they may cause disease. More powerful antibiotics may destroy all bacteria, including staphylococci, but permit the unrestrained proliferation of fungi and other agents of low virulence that are nonetheless resistant to the antibiotic. Thus antibiotics have changed the entire frequency pattern of biotic disease. Organisms that have proved to be more resistant to antibiotics have become the more common causes of serious clinical infection. For this reason certain forms of drug-resistant bacteria that include Escherichia coli, Aerobacter aerogenes, Pseudomonas aeruginosa, and strains of Proteus as well as fungi have emerged as the important biotic causes of death.

Human disease, an impairment of the normal state of a human being that interrupts or modifies its vital functions. Disease, defined as any deviation from normal form and function, may be trivial if the deviation is minimal. A minor skin infection might be considered trivial, for example. On the eyelid, however, such an infection could produce considerable discomfort or illness. Any departure from the state of health, then, is a disease, whether health be measured in the theoretical terms of normal measured values or in the more pragmatic terms of ability to function effectively in harmony with one’s environment.

Viral diseases

Of the many existing viruses, a few are of great importance as causes of human sickness. They are responsible for such diseases as smallpox, poliomyelitis, encephalitis, influenza, yellow fever, measles, and mumps and such minor disorders as warts and the common cold.

Viruses may survive for some time in the soil, in water, or in milk, but they cannot multiply unless they invade or parasitize living cells. Certain viruses proliferate within the host cells and accumulate in sufficient number to cause rupture and death of the cells. Others multiply within the cell body and compete with the host for nutrition or vital constituents of the cell’s metabolism. Both types of viruses are said to be cytotoxic.

Viral agents, particularly those capable of producing tumours in humans and lower animals, flourish within cells and stimulate the cells to active growth. These viruses are referred to as oncogenic (tumour-producing). The number of oncogenic viruses that cause tumours in lower animals is large. In humans, several DNA viruses and one RNA virus have been implicated strongly in the induction of a variety of tumours (see cancer).

Most viral infections occur in childhood. This age distribution has been explained on immunologic grounds. Viruses usually induce a firm and enduring immunity. On first exposure to a virus, children may or may not contract the disease, depending on their resistance, the size of the infective dose of virus, and many other variables. Those who contract the disease, as well as those who resist the infection, develop a permanent immunity to any further exposure. By either pathway, as children grow older they progressively gather protection against viral infections. Consequently, the incidence of these infections falls in adulthood and later life. The frequency of common colds is explained on the grounds that a host of different viral agents all induce similar respiratory infections, and, while a single attack confers immunity against the specific causative agent, it provides no protection against the rest.

Viral diseases are resistant to antibiotics and other antimicrobial agents. This point is made because of a distressing tendency among individuals to take penicillin or another antibiotic for a common cold.

Bacterial diseases

The diseases produced by bacteria are the most common of infectious biotic diseases. They range from trivial skin infections to such devastating disorders as bubonic plague and tuberculosis. Various types of pneumonia; infections of the cerebrospinal fluid (meningitis), the liver, and the kidneys; and the sexually transmitted diseases syphilis and gonorrhea are all forms of bacterial infection.

All bacteria induce disease by one of three methods: (1) the production of an exotoxin, a harmful chemical substance that is secreted or excreted by the bacterium (as in food poisoning caused by Clostridium botulinum), (2) the elaboration of an endotoxin, a harmful chemical substance that is liberated only after disintegration of the micro-organism (as in typhoid, caused by Salmonella typhi), or (3) the induction of sensitivity within the host to antigenic properties of the bacterial organism (as in tuberculosis, after sensitization to Mycobacterium tuberculosis).
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Fungi and other parasites
Diseases caused by fungi and parasites are relatively uncommon in developed countries. Fungal infections, also known as mycotic infections, may affect the skin surfaces or the internal organs of the body. The superficial mycotic infections are generally not serious and include such well-known disorders as athlete’s foot (tinea pedis), caused by the dermatophyte Trichophyton. Deep mycotic infections such as histoplasmosis and candidiasis are potentially life-threatening.

Other parasites that attack humans range in size from unicellular organisms such as Entamoeba histolytica to such multicellular forms as tapeworms and roundworms. Most parasitic infestations are encountered in the less-developed areas of the world where sanitation is not optimal. Indeed, parasitic infestations constitute major causes of death in regions of Central and South America, Africa, India, and Asia. (For additional information about diseases of biotic origin, see infection.)

Rickettsial diseases

Human rickettsial diseases are caused by microorganisms that fall between viruses and bacteria in size. These minute agents are barely visible under the ordinary light microscope. Like viruses, they multiply only within the cells of susceptible hosts. They are found in nature in a variety of ticks and lice and, when transmitted to humans by the bite of one of these arthropods, usually cause acute febrile (fever-producing) illnesses, most of which are characterized by skin rashes. Rocky Mountain spotted fever, a systemic rickettsial infection, invades and kills the cells lining blood vessels and causes hemorrhage, inflammation, blood clots, and extensive tissue death; if untreated, it is fatal in about 20 to 30 percent of cases.

Health versus disease

Before human disease can be discussed, the meanings of the terms health, physical fitness, illness, and disease must be considered. Health could be defined theoretically in terms of certain measured values; for example, a person having normal body temperature, pulse and breathing rates, blood pressure, height, weight, acuity of vision, sensitivity of hearing, and other normal measurable characteristics might be termed healthy. But what does normal mean, and how is it established? It is well known that if the temperatures are taken of a large number of active, presumably healthy, individuals the temperatures will all come close to 98.6 °F (37 °C). The great preponderance of these values will fall between 98.4 °F (36.9 °C) and 98.8 °F (37.1 °C). Thus, health could in part be defined as having a temperature within this narrow range. Similarly, a normal range can be established for pulse, blood pressure, and height. In some healthy individuals, however, the body temperature may range below 98.4 °F or above 98.8 °F. These low and high temperatures fall outside the limits defined above as normal and are instances of biological variability.

Health might be defined better as the ability to function effectively in complete harmony with one’s environment. Implied in such a definition is the capability of meeting—physically, emotionally, and mentally—the ordinary stresses of life. In this definition health is interpreted in terms of the individual’s environment. Health to the construction worker would have a dimension different from health to the bookkeeper. The healthy construction worker expects to be able to do manual labour all day, while the bookkeeper, although perfectly capable of performing sedentary work, would be totally incapable of such heavy labour and indeed might collapse from the physical strain; yet both individuals might be termed completely healthy in terms of their own way of life.

The term physical fitness, although frequently used, is also exceedingly difficult to define. In general it refers to the state of optimal maintenance of muscular strength, proper function of the internal organs, and youthful vigour. The champion athlete prepared to cope not only with the commonplace stresses of life but also with the unusual illustrates the concept of physical fitness. To be in good physical condition is to have the ability to swim a mile to save one’s life or to slog home through snowdrifts when a car breaks down in a storm. Some experts in fitness insist that the state of health requires that the individual be in prime physical condition. They prefer to divide the spectrum of health and disease into (1) health, (2) absence of disease, and (3) disease. In their view, those who are not in prime condition and are not physically fit cannot be considered as healthy merely because they have no disease.

Health involves more than physical fitness, since it also implies mental and emotional well-being. Should the angry, frustrated, emotionally unstable person in excellent physical condition be called healthy? Certainly this individual could not be characterized as effectively functioning in complete harmony with the environment. Indeed, such an individual is incapable of good judgment and rational response. Health, then, is not merely the absence of illness or disease but involves the ability to function in harmony with one’s environment and to meet the usual and sometimes unusual demands of daily life.

The definitions of illness and disease are equally difficult problems. Despite the fact that these terms are often used interchangeably, illness is not to be equated with disease. A person may have a disease for many years without even being aware of its presence. Although diseased, this person is not ill. Similarly, a person with diabetes who has received adequate insulin treatment is not ill. An individual who has cancer is often totally unaware of having the disorder and is not ill until after many years of growth of the tumour, during which time it has caused no symptoms. The term illness implies discomfort or inability to function optimally. Hence it is a subjective state of lack of well-being produced by disease. Regrettably, many diseases escape detection and possible cure because they remain symptomless for long years before they produce discomfort or impair function.

Disease, which can be defined at the simplest level as any deviation from normal form and function, may either be associated with illness or be latent. In the latter circumstance, the disease will either become apparent at some later time or will render the individual more susceptible to illness. The person who fractures an ankle has an injury—a disease—producing immediate illness. Both form and function have been impaired. The illness occurred at the instant of the development of the injury or disease. The child who is infected with measles, on the other hand, does not become ill until approximately 10 days after exposure (the incubation period). During this incubation period the child is not ill but has a viral infectious disease that is incubating and will soon produce discomfort and illness. Some diseases render a person more susceptible to illness only when the person is under stress. Some diseases may consist of only extremely subtle defects in cells that render the cells more susceptible to injury in certain situations. The blood disease known as sickle cell anemia, for example, results from a hereditary abnormality in the production of the red oxygen-carrying pigment (hemoglobin) of the red cells of the blood. The child of a mother and father who both have sickle cell anemia will probably inherit an overt form of sickle cell anemia and will have the same disease as the parents. If only one parent has sickle cell anemia, however, the child may inherit only a tendency to sickle cell anemia. This tendency is referred to by physicians as the sickle cell trait. Individuals having such a trait are not anemic but have a greater likelihood of developing such a disease. When they climb a mountain and are exposed to lower levels of oxygen in the air, red blood cells are destroyed and anemia develops. This can serve as an example of a disease or a disease trait that renders the affected person more susceptible to illness.
