Chapter 16
Current Plagues

Nature of Plagues 
Infectious diseases are the result of a failure in adaptation.  The more serious or fatal diseases are those in which the microbe and host have not yet adapted to each other; each “struggles” with the other.  Conversely, the normal flora microbes and their hosts are well-adapted to each other and have evolved to coexist peacefully.  Epidemics and pandemics have sporadically wiped out populations and inﬂuenced the course of human civilization.  Examples of plagues include the Black Death, smallpox, cholera, influenza, etc. Plagues die out as the population of susceptible (nonimmune) individuals decreases, thus interrupting the cycle of disease.

Prions: MCD and Variant Creutzfeldt-Jakob Disease 
Prions are infectious proteinaceous particles, much smaller than viruses, as they are composed of protein alone. Table 16.1 describes the biological distinctions between bacteria, viruses, and prions.  Prions’ virulence is resistant to freezing, drying, heating, radiation, etc.  There are several known examples of prion diseases, scrapie in sheep (first known example), Kuru in humans (human example), mad cow disease (BSE, for bovine spongiform encephalo-pathy), Creutzfeldt-Jakob disease (and variant CJD, vCJD) in humans. The PrP gene (on human chromosome 20) encodes the normal, “non-virulent,” prion protein (PrP or “PrPc” ).  PrPsc  (PrP-scrapie) is the abnormal, misfolded, form of PrP, responsible for the neurodegenerative pathology observed.  The term used to describe prion disease is transmissible spongiform encephalopathy (TSE). The agent responsible for TSE was discovered by Stanley Prusiner (awarded the 1997 Nobel Prize).  Prusiner’s prion theory was as follows: TSEs result when misfolded virulent prions (e.g., PrPsc) latch onto (“infect”) normal prion protein (e.g., PrPc) and induce it into assuming the abnormally folded conformation of PrPsc (Figure 16.1).  There are serious consequences from TSE disease, including the following: loss of motor coordination, dementia, other neurological symptoms, and death.  Autopsy reveals a “spongelike” brain.

Mad Cow Disease 
The first known outbreak of MCD (BSE) was in the United Kingdom in 1986.  BSE symptoms in cattle include drooling, stumbling, and an inability to rise to their feet.  About 180,000 confirmed BSE cases have been documented in the United Kingdom.  BSE spread from the U.K. to cattle in France, Switzerland, Portugal, and Ireland.  There are other animal TSE’s in addition to BSE.  Scrapie is a disease of sheep, and prions infect cats, deer, elk, and mink, as well as in ruminants.
Human TSEs  

CJD is the model of human TSE’s.  It is transmitted in three ways; i) sporadic cases occur worldwide but are rare (about one case per million people), and these account for 85% to 90% of CJD cases; ii) hereditary cases account for another 5% to 10% of CJD, and these are associated with a gene mutation; and iii) iatrogenic cases account for fewer than 5% of CJD cases; here the prions are transmitted via contaminated surgical equipment, corneal transplants, or natural HGH. (Table 16.2).  Kuru is another human TSE.  Kuru was epidemic in Fore natives of New Guinea in the 1950s and 1960s. Kuru resulted from cannibalistic practices in which, as a sign of respect, these people ate the brains of deceased relatives, thereby infecting themselves with prions.  This ritual has been abolished, leading to the disappearance of kuru.  vCJD, was first seen in March 1996; it is transmitted by consuming BSE-contaminated beef. By November of 2001, 106 of 111 known cases of vCJD were found in the U.K., four in France, and one case in Ireland. 
BSE-vCJD Link 

BSE originated in the U.K. and resulted from prions crossing species from sheep to cattle. This occurred when prion-infected sheep protein (offal) was used as cattle feed to “beef up” milk production.  Offal contains ground-up organs, brains, thymus, intestines, etc. of sheep (some with scrapie) and cattle (including downer cows).  Also in the late 1970’s, the rendering process eliminated a solvent-steam treatment step, which is thought to have allowed more active prion particles to survive the rendering process.  Subsequently, vCJD originated when people in the U.K. consumed BSE-contaminated beef (Figure 16.2).  Evidence that BSE and vCJD are caused by the same prion strain includes the following: the association between BSE and vCJD in time and place; the similar pathology seen in the brains of monkeys inoculated with vCJD or BSE; the nearly identical pathology in the brains of mice injected with BSE or vCJD.

Control Measures: Breaking the Cycle of Transmission 

The incidence of new cases of BSE and vCJD has declined due to the following: a ban against the inclusion of animal products in feed; increased surveillance (since 1990 only one case of BSE was found in the United States); severe restrictions regarding the importation of ruminants (hoofed mammals that chew their cud) and ruminant products from all European countries. Prion production is linked to a particular genetic make-up (MM) present in 42% of the population. All persons who died from vCJD have that genotype. 
AIDS 
AIDS is acquired immunodeficiency syndrome caused by the human immunodeﬁciency virus (HIV).  This disease acronym first appeared in CDC’s Morbidity and Mortality Weekly Report in 1982.  Subsequently, this outbreak has become a pandemic and has spread throughout the world, particularly in Africa.  This syndrome is characterized by certain signs and symptoms—HIV positive individuals with a low CD4+ (helper T cell) cell count, and one or more opportunistic infections (bacterial, viral, protozoal, and fungal).  Swollen lymph nodes, sudden weight loss, and Kaposi’s sarcoma (Figure 16.3) are also symptomatic of AIDS.

Biology of HIV 

HIV is a retrovirus; as such its RNA genome is reverse transcribed into DNA, which then integrates itself into the human genome.  New virus particles are released from the cell by budding.  There are at least two types of HIV: HIV-1 is the most common cause of AIDS worldwide, and HIV-2 is the most common cause of AIDS in West Africa (Figure 16.4)

Origin of AIDS 

Genetic studies link HIV to the African chimpanzee Pan troglodytes.  The ﬁrst well-documented case of AIDS occurred in an African man in 1959; he was diagnosed decades after his death, from tissue samples that had been stored frozen.  Two researchers claimed discovery of HIV, Luc Montagnier of the Pasteur Institute in Paris and Robert Gallo of the National Institutes of Health (Figure 16.5).  The 2008 Nobel Prize in Physiology or Medicine was awarded to Montagnier and his colleague Francoise Barré-Sinoussi.  

Transmission of AIDS 

HIV can be transmitted in four ways (Figure 16.6):  1. Sexual contact with an infected partner: male to male, male to female, female to male, or female to female.  2. Contact with contaminated blood or blood products.  3. Sharing blood-contaminated needles and syringes, as with IV drug use (high frequency of transmission) or by accidental needle stick in health provider (0.5% risk of transmission).  4. Transmission from mother to child via passage of HIV across the placenta (about a 20% risk); or transmission to child via contact with contaminated blood and secretions during birth; or via breast milk containing the virus.
AIDS: The Disease

HIV depletes the number of T-helper cells, resulting in the individual’s becoming immuno-compromised and vulnerable to various opportunistic infections (Table 16.3).  HIV positive individuals, with rare exceptions, progress to clinical AIDS over an incubation period from a few years to 15 years or longer. The CDC describes four stages to HIV infection (Figure 16.7):         1. The prodromal stage, is characterized by fever, diarrhea, rash, aches, headaches, lymphaden-opathy, and fatigue, lasting a few weeks to a few months.  2. The latency period, which can last from two to 15 years; persons may be asymptomatic but they can infect others and usually have detectable anti-HIV antibodies in their blood.  3. A lymphadenopathy with swollen lymph nodes, recurrent fevers, night sweats, persistent diarrhea and cough, extreme fatigue, possible neurological impairment, and opportunistic infection.  4. Conversion to full-blown AIDS: repeated opportunistic infections result (the immune system is decimated as the CD4+ T-cell count drops below 200 per microliter of blood), and death is likely within a few years.

Cause of AIDS 

Evidence that HIV causes AIDS  (based on Koch’s Postulates):  1. Epidemiological association: The suspected cause must be strongly associated with the disease (virtually all AIDS patients are HIV+).  2. Isolation: The pathogen can be isolated and propagated outside the host (true in virtually all AIDS cases tested).  3. Transmission pathogenesis: transfer of the suspected pathogen to an uninfected host, human, or animal results in disease in the host (demonstrated in accidental infection of lab- and health-workers, blood transfusion recipients, children of HIV+ mothers, etc.).  4. Reisolation: the pathogen must be reisolated from the infected host and be identical to the original pathogen (true in AIDS cases tested).  Koch’s postulates have also been met in experiments with animals, including chimpanzees, monkeys, and strains of mice.  “A Dissenting View About the Cause of AIDS” is championed by Peter Duesberg, convinced that AIDS is caused by lifestyle, environmental drugs, recreational drugs, and anti-HIV drugs.

AIDS Treatment and Prevention 
Treatment
To prevent or cure AIDS, any drug or vaccine must interfere with some aspect of HIV’s life cycle (Figure 16.8).  AZT (the ﬁrst clinically safe and effective anti-HIV drug) inhibits reverse transcriptase and blocks synthesis of DNA from RNA.  AZT resembles a building block of viral DNA synthesis and blocks viral DNA synthesis.  Proteases interfere with the processing of viral proteins used in assembly.  The AIDS “cocktail” or highly acute antiretroviral therapy uses two reverse transcriptase inhibitors and one protease inhibitor.

Vaccine
Vaccine development for AIDS is a priority; most scientists believe that the current AIDS pandemic will be controlled and future ones prevented only when a vaccine is available. AIDS “should be” easy to control, if not eradicate, because there are no vectors or animal reservoirs, Modifying sexual behavior is currently the best protection against contracting AIDS.
Consequences of AIDS 
HIV/AIDS attacks every race, the rich and the famous, the young and the old, and all countries, rich or poor, no matter one’s sexual orientation, all are its victims (Table 16.4).

AIDS in Africa 

Since the late 1970’s, over 20 million Africans have died from AIDS.  AIDS has left millions of children orphaned.  Life expectancy in some African countries is less than 40 years.  Hospital wards are overburdened. In 1992, Brazil started producing its own AIDS drugs and distributing them free of charge. The number of AIDS-related deaths in Brazil has plummeted.

AIDS in the United States 

The United States has one of the largest populations of HIV-infected people in the world. Men accounted for 74% of the HIV or AIDS diagnoses in 2005. The statistics for new HIV diagnoses in 2005, included the following:  53% of new cases occurred among men who have sex with men, 32% of new cases are in heterosexuals having sex with non-regular partners, and 18% are in IV drug users. African Americans and Hispanics are disproportionately affected.
The Future of AIDS 
We do not know when the AIDS epidemic will end or when an effective AIDS treatment or vaccine will be found. Active research in all phases of HIV infection and AIDS is under way.

Tuberculosis 

Mycobacterium tuberculosis is the cause of tuberculosis (TB). TB is a leading cause of death worldwide. Evidence of TB dates back to 4,000 B.C., in Egypt. Once TB was the leading cause of death even in the United States and some European countries. TB declined as social conditions improved in the early 1900’s.  The discovery of antibiotics further pushed TB incidence back.
Current Status 

In 1993, the WHO declared TB a global emergency.  As of 2008, an estimated 2 billion people are infected.  5% to 10% of infected people will develop active TB during lifetime.  In 2006, 9.2 million people contracted TB, and 1.7 million died.  Over 1.5 million TB cases per year occur in sub-Saharan Africa, due to the AIDS epidemic. 
TB: The Disease 
Transmission of TB bacilli is usually by droplets spread by coughing, sneezing, etc. The ﬁrst exposure results in a primary infection (asymptomatic), usually in the lungs, but it can also occur in the skin, brain, spinal cord, kidney, and bone.  Immune cells wall off the bacilli in granulomas 90% of time; in 10% of cases the bacilli escape the granuloma (Figure 16.12). Symptomatic primary TB results in fevers, night sweats, weight loss, fatigue, and coughing up blood-tinged sputum (Figure 16.13). Symptomatic primary TB is more likely to occur in children, the elderly, and the immunocompromised (especially those with HIV). Reactivated (secondary) TB results when dormant TB bacilli become reactivated decades after initial infection.  

Diagnosis

For the Mantoux tuberculin skin test, a minute amount of purified protein derivative (PPD) is injected subcutaneously and the site is examined after 48-72 hours; a red, raised lesion 5 mm or more in diameter constitutes a positive test (Figure 16.14) A chest X-ray, microscopic examination, and culturing the sputum for bacilli may also be used to diagnose TB (Table 16.5).

Antibiotic Therapy 
For TB infection, isoniazid for 6 months is completely effective.  Active TB disease requires taking a combination of antibiotics for 6 to 9 months and supportive measures of adequate rest, a good diet, etc.  Five antibiotics are particularly effective against the tubercle bacilli,

isoniazid, ethambutol, rifampin, streptomycin, and pyrazinamide.  Toxicity and antibiotic resistance must be considered.  Noncompliance is a serious problem, even if antibiotics are provided for free, as antibiotics may be taken haphazardly, encouraging drug resistance.

DOTS 

DOTS, direct observational therapy short course, is a simple and effective method adopted by the WHO in 1992 to combat noncompliance and complacency. It has saved lives and minimized the emergence of drug-resistant strains. DOTS requires microscopy, drug supplies, surveillance and monitoring, and direct observation. Once TB is found in sputum, health care workers must watch the patient swallow the full course of the prescribed anti-TB drugs everyday (Figure 16.18). The sputum test is repeated after two months and at the end of the six-to eight-month treatment schedule. Within the ﬁrst two to four weeks of treatment, patients become noninfec-tious. DOTS is cost-effective and has cure-rates of 85-90% in China, Bangladesh, Peru, etc.
Factors Contributing to Reemergence 
TB has reemerged.  In the United States a 20% increase occurred from 1985 to 1992 due to TB and HIV coinfection, multi-drug resistance, complacency, travel, and immigration (Table 16.6). 

TB and HIV Coinfection
Each accelerates the other’s progress. HIV weakens the immune system, so that an HIV-infected individual is 800 times more likely to develop active TB (Figure 16.19). TB is the leading cause of death in HIV-infected populations. 

Multiple Drug–Resistant TB (MDR-TB) and Extremely Drug–Resistant TB (XDR-TB)
MDR TB tubercle bacilli are resistant to at least two of the first-line anti-TB drugs, isoniazid and rifampin.  XDR is relatively rare and is resistant to isoniazid and rifampin and at least three of the second-line drugs. Misuse of antibiotics led to antibiotic resistance. 

Complacency
Complacency was a signiﬁcant factor for the increased infection rates in the 1980’s, when the more developed countries of the world relaxed their TB control programs. 

Technological Advances
Organ transplantation can transmit TB, leading to disease or death. 

Travel and Immigration
Experts have recommended that immigrants from Mexico, the Philippines, Vietnam, and other countries with high TB rates be tested for latent and active TB. Concern exists about the risk of transmission of TB during long airplane ﬂights. In 1995, a passenger with active TB infected four passengers during an 8½ hour ﬂight. 

Prevention 
Vaccine Development
The BCG vaccine for tuberculosis is controversial. The vaccine consists of attenuated (weakened) live tubercle bacilli. The protection rate is about 80% in children and less than 50% in adults.  Protection is not life-long, lasting only 5-15 years, and those vaccinated will test positive for the tuberculin skin test. The new approaches utilizing recombinant DNA technologies in vaccine development are promising for the future.

DOTS Implementation needs to be adopted by more countries. 

