Chapter 13

Control of Microbial Diseases
Sanitation and Clean Water

Development of Sanitation

In the 1880’s Louis Pasteur, Robert Koch, etc., made groundbreaking discoveries in bacteriology.  The germ theory of disease was established, and microbes were linked to poor sanitation and infectious disease.  The germ theory was embraced in Europe and the United States, and sanitary engineers and bacteriologists ﬂourished. In 1887 the Marine Hospital Service was established and charged with monitoring cholera in immigrants on ships coming into New York; by 1900, 40 states had health departments.  The 1920’s to 1950’s saw great improvements in public health strategies designed to control infectious diseases (Figure 13.4); malaria, plague, tuberculosis, and other diseases were markedly reduced. Improvements were made in water chlorination, food production and distribution, housing, control of tuberculosis and venereal disease, animal and pest control, and garbage disposal (Figure 13.5 and 13.6). The last major outbreak of plague in the United States occurred during 1924 and 1925 in Los Angeles. 
Human Waste Disposal
The safe disposal of human excreta is central to sanitation; food and water contaminated with feces is a major cause of infectious disease (Figure 13.7). Globally, 2.6 billion people lack access to appropriate toilet facilities; 200 million tons of human waste is uncollected and untreated.  In India over 100 million households have no toilets, and half a million children die yearly due to dehydration resulting from diarrheal diseases. Programs to improve sanitation are in progress in slums: The Kampung Improvement Program in Indonesia focuses on clean water and covering open sanitation drains.  Similarly, the Orangi Pilot Project in Karachi, Pakistan, has reached 650,000 people.

Clean Water 

Over 1.5 billion people worldwide lack access to clean water, and there is a strong correlation between access to safe drinking water and child health (Figure 13.9). Even in developed countries, a safe water supply can never be taken for granted.  In 1993 in Milwaukee, Wisconsin, Cryptosporidium parvum caused the largest outbreak of waterborne disease in U.S. history.  Hurricane Katrina hit the U.S. Gulf Coast in August of 2005. In the aftermath, the population was exposed to contaminated drinking water.

The Safe Drinking Water Act established measures to ensure the safety of drinking water in 1986 and in 1996, and has led to decreases in acute gastrointestinal and other illneses (Figure 13.10).

Food Safety 

Safer foods are considered one of the ten great public health achievements of the United States during the twentieth century (Table 13.1). In the early 1900’s, it was recognized that typhoid fever, tuberculosis, scarlet fever, botulism, etc., were transmitted by food and water.  Safer food-handling procedures were advocated, including pasteurization, refrigeration, and hand washing.  In 1999, the American Academy of Microbiology issued a report on the seven practices that adversely affect food safety (Table 13.3).

Immunization 

The 1999 CDC report, Ten Great Public Health Achievements in the United States, 1900–1999, includes vaccination (immunization) as one of the achievements (Table 13.1). In the United States the lives of 3 million children are saved yearly due to routine vaccination; there has been a 100% decline in some diseases (Table 13.4).  The bad news is that in underdeveloped countries 3 million children die yearly from whooping cough, measles, and tetanus, due to lack of vaccination (Table 13.5).  More than 5 million people across the globe die each year from diseases for which there is no vaccine—AIDS, tuberculosis, malaria, etc. 

Active Immunization 

Active immunization stimulates a person’s immune system to produce antibodies and memory cells.  Natural active immunity is achieved by the natural process of recovering from a particular disease.  Artiﬁcial active immunity uses a vaccine is to provoke an antibody immune response as a future protective measure.  Artiﬁcial active immunization can be accomplished in four ways (Table 13.6); the method of active immunization used reﬂects the best protection for the particular disease. All strategies must meet three basic requirements: safety, effectiveness, and stability (Table 13.7). Additionally, an ideal vaccine needs to be affordable to developing countries.  Vaccines that require refrigeration pose a problem for developing countries.
Types of Active Artiﬁcial Vaccines 
As indicated in Table 13.6, artiﬁcial active vaccines can be produced in four ways. 

Live Attenuated Microbes

Bacillus Calmette-Guerin (BCG) vaccine uses attenuated Mycobacterium bovis BCG.
Some live attenuated viral vaccines have been achieved by serial (repeated) transfer in tissue culture (Figure 13.11), allowing the production of random and unpredictable mutants. Other examples are polio (Sabin), measles, and yellow fever.  The concern is that attenuated microbes might revert to virulent form.

Killed (Inactivated) Microbe Vaccines 

Virulent microbes are heat- or chemically-killed.  Killed vaccines are less effective, but no risk of infection, and need booster shots.  Polio (Salk), plague, inﬂuenza, hepatitis A, and cholera are all examples of this strategy.

Toxoids 

Heat- or formaldehyde-inactivated exotoxin maintains an ability to induce specific-antibodies (Ig), but loses its toxigenicity. The diphtheria-tetanus-acellular pertussis (DTaP) vaccine, commonly administered to children, contains diphtheria and tetanus toxoids. Toxoids can raise specific Ig (antitoxin) in horse, sheep, etc.

New and Experimental Vaccines

For Recombinant DNA-vaccines, a virulence gene is cloned into a nonvirulent microbe (bacterium or virus), and the microbe is used to vaccinate. In a DNA-vaccine, a virulence gene is cloned into a plasmid that expresses the gene in cells of the recipient.
Passive Immunization 

The recipient receives preformed antibodies—immune serum or immune globulin—from a human or animal source.  Antibodies (antitoxin or anti-venom) are present immediately.  Immunity is relatively short-lived, and lacks immunological memory (lasts until antibodies disappear from circulation).  Serum sickness can result, due to immune reaction against foreign Ig. Passive immunization is used when immediate protection (against tetanus toxin, snake- and spider-venom, etc.) is required (Table 13.8) 

Vaccine Safety 

No vaccine (or other medication) is 100% safe or risk-free.  Live polio vaccine (Sabin) carries a risk of polio of 7 million:1; in the United States 4 doses of Salk vaccine are used.  Vaccines are monitored by FDA and modified or withdrawn, as necessary.  A 1976 swine flu vaccine was withdrawn, and the 1998 RotaShield vaccine was replaced with a safer RotaTeq vaccine in 2006.  Due to long-standing concerns, the cellular pertussis vaccine (DPT) was replaced with the safer acellular pertussis vaccine (DTaP) in 1991. 

Childhood Immunization 

Included in the childhood immunization schedule are routine immunizations against eleven diseases and immunizations against two others (hepatitis A and inﬂuenza) for selected populations. Some of the immunizations are against bacterial diseases, but most are against viral diseases; attenuated, killed, subunit, and genetically engineered vaccines are all represented (Figure 13.13). Despite the low cost and effectiveness of immunization, thousands of children and adults have never had basic immunizations or are not up-to-date. Almost 100,000 adults die every year from inﬂuenza, pneumonia, and other vaccine- preventable diseases. 
Antibiotics 
History of Antibiotics 

Sulfonamide (sulfa) drugs, were the ﬁrst “wonder” drugs. Sulfonamides saved millions of lives in World War II. Sulfa drugs are antimicrobials, not antibiotics, because they are synthetic, whereas antibiotics are made by microbes.  Penicillin became first antibiotic used in 1941 and became a prescription drug in the mid-1950’s. In the post–World War II period many other antibiotics were discovered.  Several semisynthetic penicillin derivatives are available (methicillin, ampicillin, and penicillin V, etc.), each with distinctive and beneﬁcial properties.

Types of Antibiotics 

Bacteria vary in their antibiotic susceptibility, and each antibiotic has a spectrum of activity against certain bacteria. Some antibiotics are more effective against gram- positive organisms, whereas others exhibit greater activity against gram-negative bacteria. A broad-spectrum antibiotic is inhibitory to a large variety of gram-positive and gram-negative bacteria. In prescribing an antibiotic from among the many that are available, cost and antibiotic resistance are considered, but effectiveness and lack of toxicity are the central factors. A broad-spectrum antibiotic is generally used when the causative bacterial pathogen has not been identiﬁed (but they may kill the normal flora, allowing non-susceptible organisms to flourish, as in the case of thrush; Figure 13.14). Narrow-spectrum antibiotics are less disruptive of the normal flora. 

Mechanisms of Antimicrobial Activity 

Antibiotics are selectively toxic, as they work by interfering with or disrupting vital structures and metabolic pathways of the bacterial cell (Figure 13.15). 

Interference With Cell Wall Synthesis 
Bacterial cell walls are made of peptidoglycan, which protects cells from osmotic disruption. Penicillin and cephalosporins contain beta-lactam rings that interfere with enzymes responsible for cell wall synthesis. Vancomycin, sometimes called the “last antibiotic stronghold,” blocks a crucial reaction necessary for cell wall synthesis. 
Interference With Protein Synthesis 

Bacterial ribosomes are targets for some antibiotics because their 70S ribosomes differ in size and structure from human 80S ribosomes. Streptomycin, tetracycline, chloramphenicol, and erythromycin all interfere with protein synthesis by binding with procaryotic ribosomes. 
Interference With Cell Membrane Function  

Polymyxin B is an antibiotic that binds to and distorts the bacterial cell membrane, resulting in increased permeability and leakage of important molecules out of the cell. 
Interference With Nucleic Acid Synthesis 

Rifampin blocks RNA polymerase (transcription), and quinolones (like nalidixic acid) are a large family of synthetic drugs that block DNA replication (by binding to DNA gyrase).  Mammalian cells use structurally different enzymes for these activities and are not affected by these antimicrobial agents.
Interference With Metabolic Activity 

Antimetabolites are drugs that are structurally similar to natural compounds involved in metabolism, so that they may competitively bind and inactivate metabolic enzymes (molecular mimicry). The sulfa drugs mimic a precursor needed to synthesize folic acid; as mammalian cells obtain folic acid from diet, they are not harmed by sulfonamides.

Acquisition of Antibiotic Resistance 

Antibiotic resistance is a major international public health problem.  Antibiotic resistance results from one of several types of genetic change.  A chromosomal mutation (spontaneous genetic change) usually confers resistance to only a single antibiotic, while acquisition of R (resistance) plasmid from resistant strains can confer resistance to several antibiotics at once. Transposons, or “jumping genes,” may carry genes for antibiotic resistance and can integrate into chromosomes or plasmids allowing rapid dissemination of antibiotic resistance
throughout a susceptible population.  In the presence of an antibiotic, natural selection will favor the survival of resistant cells until they are dominant in the population

Mechanisms of Antibiotic Resistance 

Bacteria counter the effects of antibiotics by several possible mechanisms (Figure 13.16). An example of enzymatic inactivation is beta-lactamase cleaving penicillins. Bacteria may alter antibiotic uptake.  Some acquire a membrane pump that expels antibiotics like tetracycline.  Or bacteria may decrease their membrane’s permeability to certain antibiotics.  The target of antibiotic (antibiotic receptor site) can be modified, as in the case of penicillin resistance in streptococci and methicillin resistance in staphylococci.  Bacteria may develop an alternate metabolic pathway, and resistance to sulfonamides is an example of this.  Also, bacteria can transfer preexisting antibiotic resistance genes cell-to-cell, by horizontal gene transfer.
Antibiotic Misuse 

There are several types of antibiotic misuse (Figure 13.17), such as the following:  failure to complete a course (e.g., stop taking pills when feeling better), failure to take full-dose (e.g., trying to save pills for future use), and prescribing antibiotics inappropriately (e.g., prescribing antibiotics for viral illness, etc.).  As a consequence of this misuse, there are many examples of bacterial species becoming more resistant to antibiotics. Gonorrhea resistance to quinolones in Hawaii has increased about seven fold in the three years ending in 2000.  More than 90% of the strains of Staphylococcus aureus are resistant to penicillin and other antibiotics.  Vancomycin resistance is appearing in staphylococci and enterococci.  Multi-drug-resistant strains of tuberculosis are increasing worldwide.

Working Toward the Solution 

The answer to the problem of antibiotic resistance lies in the hands of physicians and patients, both of whom share the responsibility for the misuse and overuse of antibiotics resulting in the emergence of these drug-resistant “superbugs.” 

Antiviral Agents 

There are few effective nontoxic antiviral agents, as viruses typically utilize host enzymes for their replication. To be effective, antiviral drugs must penetrate a cell and target a stage in the viral replication cycle to block the release of new viruses (Figure 13.18). A number of antiviral agents are available, and research is ongoing to develop new ones (Table 13.9). In 1999, two new antiﬂu drugs, zanamivir (Relenza) and oseltamivir (Tamiﬂu), effective against inﬂuenza A and B viruses, were introduced.  They are not a cure, but if taken early they decrease duration of the illness by a few days. The drug zidovudine (or AZT), an inhibitor of reverse transcriptase, and a group of protease inhibitors have achieved some success in AIDS therapy, but drug resistance is an emerging problem. A new drug and the ﬁrst integrase inhibitor, raltegravir, was approved recently to be used with other anti-HIV agents. 
