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The Resurgence of Infectious
Diseases

Bacterial Resistance

The appearance of AIDS in the early 1980s challenged the widely held belief that infectious
diseases were under control. However, there had been intimations during the previous two or
three decades that the microbes were not as controllable as generally believed. The influenza
virus was proving stubbornly unpredictable, deadly new variants of known bacteria were begin-
ning to crop up, and the familiar old bacteria were becoming strangely resistant to antibiotics.
That trend has continued, and the importance of public health in combating these growing
problems has become increasingly apparent.
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The Biomedical Basis of AIDS

By the turn of the 21st century, the exotic disease that seemed to strike only gay men has turned
into a world-wide scourge: the human immunodeficiency virus (HIV) now infects over 32 mil-
lion individuals and has killed some 25 million.! In the United States as of 2007, some 563,000
people had died of AIDS.? Since the outbreak was first recognized, a great deal has been learned
about HIV, how it causes AIDS, and how it is spread.

HIV is a retrovirus, a virus that uses RNA as its genetic material instead of the more usual
DNA. Retroviruses have long been known to cause cancer in animals, and they were extensively
studied for clues to the causes of human cancer, research that proved helpful for understanding
the immunodeficiency virus when it was identified. Two human retroviruses—causing two
types of leukemia—were known before HIV was discovered. Retroviruses infect cells by copy-
ing their RNA into the DNA of the cell, penetrating the genetic material like a “mole” in a spy
agency. This DNA may sit silently in the cell, being copied normally along with the cell’s ge-
netic material for an indefinite number of generations. Or it may take over control of the cell’s
machinery, causing the uncontrolled reproduction typical of cancer.

The target of HIV is a specific type of white blood cell called the CD4-T lymphocyte, or T4
cell. T4 cells are just one of many components of the complicated immune machinery that is
activated when the body recognizes a foreign invader such as a bacterium or a virus. The T4
cell’s role is to divide and reproduce itself in response to such an invasion and to attack the in-
vader. In a T4 cell that is infected with HIV, activation of the cell activates the virus also, which
then produces thousands of copies of itself in a process that kills the T4 cell. The T4 cells are a
key component of the immune system because, in addition to attacking foreign microbes, they
also regulate other components of the immune system, including the cells that produce anti-
bodies, the proteins in the blood that recognize foreign substances. Thus destruction of the T4
cells disrupts the entire immune system.?

The course of infection with HIV takes place over a number of years. After being exposed to
HIV, a person may or may not notice mild, flu-like symptoms for a few weeks, during which
time the virus is present in the blood and body fluids and may be easily transmitted to others by
sex or other risky behaviors. The body’s immune system responds as it would to any viral infec-
tion, producing specific antibodies that eliminate most of the circulating viruses. The infection
then enters a latent period, with the viruses mostly hidden in the DNA of the T4 cells, although
a constant battle is taking place between the virus and the immune system. Billions of viruses
are made, and millions of T4 cells are destroyed daily.* During this time, the person is quite
healthy and is less likely to transmit the virus than during the early stage of infection (although
transmission is still possible). Eventually however, after several years, the immune system begins
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to lose the struggle, and so many of the T4 cells begin to die that they cannot be replaced rap-
idly enough. When the number of T4 cells drops below 200 per cubic millimeter of blood,
about 20 percent of the normal level, symptoms are likely to begin appearing, and the person is
vulnerable to opportunistic infections and certain tumors. At the same time, the number of cir-
culating viruses increases, and the person again becomes more capable of transmitting the infec-
tion to others.” At this stage, the person meets the criteria for AIDS, which is defined by the T4
cell count and/or the presence of opportunistic infections.

The development and licensing of a screening test in 1985 was a major step forward in the
fight against HIV. The test measures antibodies to the virus, which begin to appear three to six
weeks after the original infection. This test is relatively fast and inexpensive; it is a sensitive
screening test, giving the first indication that the individual may be HIV positive. The test is
used for three purposes: diagnosing individuals at risk to determine whether they are infected so
that they may be appropriately counseled and, if necessary, treated; monitoring the spread of
HIV in various populations via epidemiologic studies; and screening donated blood or organs
to ensure that they do not transmit HIV to a recipient of a transfusion or transplant. A major
drawback of the antibody screening test is the absence of antibodies in the blood during the ini-
tial three- to six-week period after infection. This “window” of nondetectability may give newly
infected people a false sense of security. More accurate tests that look for the virus itself in the
blood are now available. These tests are used to confirm infection in people who have tested
positive in the screening test. In the United States, they are also done on all donated blood to
ensure that no virus-infected blood is used for transfusions.

Tests that directly measure a virus in the blood have contributed a great deal to understand-
ing the biomedical basis of HIV infection. Measurement of “viral load”—the concentration of
viruses in the blood—is a valuable tool for evaluating the effectiveness of therapeutic drugs.
Viral load has also been found to influence the individual’s chances of transmitting the virus by
sexual and other means. Thus a therapy that is effective in reducing viral load can help to con-
trol the spread of HIV.

The major pathways of HIV transmission vary in different populations. Homosexual rela-
tions between men are still the leading route of exposure for men in the United States. Injection
drug use accounts for about 13 percent of HIV infections in Americans.2 Transmission by het-
erosexual relations, especially male to female, is becoming increasingly common in this country;
it is the leading route of infection for females. In the developing countries of Asia and Africa,
where HIV infection is spreading rapidly, heterosexual relations are the most common means of
transmission. There is some evidence that circumcision protects men against contracting HIV
from infected women; the evidence concerning the effect of circumcision on male-to-female

transmission is less clear.®
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The sharing of needles is a common route of transmission in developing countries because of

insufficient supplies of sterile equipment for medical use. In poor countries, including Russia
and some nations in Eastern Europe, medical personnel often use one syringe repeatedly for
giving immunizations or injections of therapeutic drugs. If one of the patients is HIV positive,
this practice may transmit the infection to everyone who later receives an injection with the
same needle. According to the World Health Organization (WHO), 40 percent of injections
worldwide are given with unsterile needles.” Transfusion with HIV-contaminated blood is no
longer a significant source of HIV infection in the United States, but it still occurs in countries
too poor to screen donated blood.

A special case of HIV transmission occurs from mother to infant, iz utero or during delivery,
in 25 to 33 percent of births unless antiretroviral drugs are given. The virus can also be
transmitted to breast-fed babies in their mother’s milk. All infants of HIV-positive women will
test positive during the first few months after birth. This is because fetuses in the womb receive
a selection of their mothers” antibodies, providing natural protection against disease (though
not HIV) during their first months of life. Testing a baby’s blood for HIV antibodies provides
evidence of the mother’s HIV status. Many states in the United States routinely perform HIV
screening tests on newborns’ blood as part of their newborn screening programs, discussed in
Chapter 12. The special issues raised by maternal-fetal transmission of the virus have been
the subject of ethical, legal, and political controversy at the national and state levels. Drug ther-
apies are now capable of preventing transmission of the virus from mother to infant in 99 per-
cent of cases.® Similar drug treatment of mothers and/or infants can prevent transmission in
breast milk.®

HIV/AIDS has become a disease of minorities. Although African-Americans make up only
13 percent of the U.S. population, almost half of new cases being diagnosed in recent years are
among blacks. A study conducted by the Centers for Disease Control and Prevention (CDC)
found that, in 2006, the rate of infection was seven times higher in blacks than in whites.
Hispanics are diagnosed at three times the rate of whites. The report said that black men were
no more likely to be drug users or to engage in risky sex than whites, and it is not clear why they
are at greater risk of contracting the virus.’

Progress in treating HIV/AIDS over the past two decades has been dramatic. Early therapy
focused on treating opportunistic infections, which were often the immediate cause of death in
AIDS patients. The first antiretroviral therapy, zidovudine (AZT), was approved by the Food
and Drug Administration in 1987.'° The drug interfered with the replication of HIV by in-
hibiting the enzyme that copies the viral RNA into the cell’'s DNA. However, the virus’s ten-
dency to mutate rapidly leads to the development of resistance to the drug, meaning that its

effectiveness can wear off.




THE BIOMEDICAL BAsis oF AIDS

As scientists gained a better understanding of the virus, they developed drugs that target dif-
ferent stages of viral replication. Protease inhibitors, which interfere with the ability of newly
formed viruses to mature and become infectious, were introduced in 1995.1° At the same time,
scientists recognized that treating patients with a combination of drugs that attack the virus in
different ways reduces the opportunity for HIV to mutate and develop resistance. The
introduction of these drug combinations, called highly active antiretroviral therapy (HAART),
led to dramatic improvements in the survival of HIV-infected patients. As a result, the number
of AIDS deaths fell by more than half between 1996 and 1998 and has continued to decline
since then.!!

The development of effective treatments for HIV/AIDS has had many beneficial conse-
quences. HAART can reduce viral load to undetectable levels in the blood and body fluids of
many patients, which greatly reduces the likelihood that the virus will be transmitted to others
through sexual contact and other means. The availability of effective therapy also encourages
at-risk people to be tested and counseled on ways to protect themselves and to prevent
transmission of the virus to others. Scientists hoped that HAART would be able to completely
eradicate HIV from the body, but this hope has not been realized. The virus manages to survive
in protected reservoirs of the body, rebounding into active replication when the drugs are
withdrawn.' For some patients, side effects of the drugs can be severe and even fatal; about 40
percent of patients treated with protease inhibitors develop lipodystrophy, characterized by ab-
normal distributions of fat in the body, sometimes accompanied by other metabolic abnormali-
ties.'? Moreover, the virus can develop resistance to these drugs if used improperly. A survey of
blood samples taken between 1999 and 2003 found that 15 percent were resistant to at least
one drug."

New drugs continue to be developed, including a new class called “fusion inhibitors,” intro-
duced in 2003, which interfere with HIV’s ability to enter a host cell. Thus for many patients,
HIV infection has become a chronic disease, necessitating life-long therapy but enabling them
to live a relatively normal life. The drugs are expensive however, costing an average of $10,500
per year per patient.' Even in the United States, only half of those in need of therapy are on
continuous treatment.

The greatest hope for controlling AIDS, especially in the developing world where the new
drugs are unaffordable, is to develop an effective vaccine. Prevention through immunization has
been the most effective approach for the viral scourges of the past, including smallpox, measles,
and polio. Early hopes for the rapid availability of a vaccine against AIDS have faded, however.
In fact, after several promising vaccine candidates failed in clinical trials, the NIH held a meet-
ing of vaccine researchers in March, 2008, to reassess whether a vaccine will ever be possible
and what new approaches could be tried." It should perhaps not be surprising that a virus so
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well adapted to disabling the immune system should be so effective at eluding attempts to em-

ploy that same immune system against it. Part of the difficulty in developing an effective vac-
cine is that the virus itself is constantly changing its appearance, making it unrecognizable to
the immune mechanisms that are mobilized against it by a vaccine. This quality is common to
RNA viruses. Another difficulty is that there is no good animal model for studying
HIV/AIDS.'¢

At present, the most effective way to fight AIDS is to prevent transmission (step 3 in the
chain of transmission; see Chapter 9). This requires education and efforts at motivating people
to change their high-risk behavior, an exceedingly difficult task, as Chapter 14 discusses.

HIV seems to have appeared from nowhere and to have spread over the entire world within
a decade. Where did the virus come from? Genetic studies of HIV show that it is related to
viruses that commonly infect African monkeys and apes, and it seems likely that a mutation
allowed one of these viruses to infect humans. There is evidence that this type of event—cross-
species transmission of viruses—may occur fairly frequently. Monkeys and chimpanzees are
killed for food in parts of Africa, which could explain how humans were exposed.’® HIV is
remarkable, however, for the speed with which it has spread into the human population
worldwide.

Scientists conjecture that the human form of the virus may have existed in isolated pockets
of Africa for some time, but that its rapid spread was the result of social conditions in Africa
and the United States in the late 1970s. Because symptomatic AIDS does not appear until sev-
eral years after the original infection, the first victims of the 1980s were probably infected in the
early and mid-1970s. Investigators trying to track the early spread of the epidemic have gone
back to test stored blood samples drawn in earlier times, and they have found HIV-infected
samples from as early as 1966, in the blood of a widely traveled Norwegian sailor who died of
immune deficiency. The sailor’s wife and one of his three children later died of the same illness,
and their stored blood, when tested, was also found to be infected with HIV.'” An even older
blood sample drawn from a West African man in 1959 has been found to contain fragments of
the virus, but it is not known whether the man developed AIDS.'® This evidence implies that
sporadic early outbreaks of the disease occurred in isolated African villages, going undetected
for decades.

The reasons for the recent emergence of HIV disease as a significant problem include the
disruption of traditional lifestyles by the movement of rural Africans to urban areas, trends
magnified by population growth, waves of civil war, and revolution. The apparent worldwide
explosion of AIDS then occurred because of changing patterns of sexual behavior and the use of
addictive drugs in developed and developing countries, together with the ease of international

air travel.
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Other Emerging Viruses

In 1976, before the AIDS epidemic was recognized but while, as scientists now believe, the
virus was spreading silently into African cities, another viral illness broke out with much more
dramatic effect in Zaire and Sudan. Symptoms caused by the previously unidentified Ebola
virus include fever and severe bleeding from various bodily orifices. Several hundred people be-
came ill from the disease, and up to 90 percent of its victims died. The disease spread rapidly
from person to person, affecting especially family members and hospital workers who had cared
for patients. Investigators from the CDC and WHO identified the virus and helped devise
measures, including quarantine, to limit the spread of the disease, which eventually disap-
peared. The Ebola virus broke out again in Zaire in the summer of 1995, killing 244 people be-
fore it again seemed to vanish." Since then, there have been repeated, though limited,
outbreaks in West and Central Africa.”

The Ebola virus infects monkeys as well as humans, and on a number of occasions infected
monkeys have been imported into the United States. In 1989, a large number of monkeys im-
ported from the Philippines died of the viral infection at a primate quarantine facility in
Reston, Virginia. In that episode, which served as the basis for Richard Preston’s book, 7he Hor
Zone, several laboratory workers were exposed to the virus, which fortunately turned out to be a
strain that did not cause illness in humans.?' Scientists have been searching for an animal
species that serves as a reservoir for the virus between outbreaks in the human population.
There are indications that, like HIV, Ebola may spread to humans when they handle the car-
casses of apes used for food. Unlike HIV, the Ebola virus kills the apes it infects, leading to sig-
nificant declines in populations of gorillas and chimpanzees; outbreaks in humans have been
preceded by the discovery of dead animals near villages where the outbreaks occur.?® There is
now concern that Ebola may be pushing West African gorillas to extinction. Attempts to de-
velop a vaccine for humans have had success in protecting monkeys in laboratory studies;
whether such a vaccine could be delivered safely to wild gorillas is uncertain.?

Other new or resurgent viruses have appeared in various parts of the world, including the
United States, over the past several years. In May and June 2003, for example, public health au-
thorities in Illinois and Wisconsin received reports of a disease similar to smallpox among peo-
ple who had had direct contact with prairie dogs. Prompt investigation by state officials and the
CDC identified the cause as monkeypox virus, which was known from outbreaks in Africa.
Although known to infect monkeys, the primary hosts for monkeypox are rodents.”

The outbreak in the United States spread to 72 people in 6 Midwestern states. Fortunately,
monkeypox is not highly contagious in humans, and it is a less severe disease than smallpox. No
one died in the outbreak. However, the incident raised alarms about exotic pets. The illness in
the prairie dogs was traced back through pet stores and animal distributors to an Illinois distrib-
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utor, who in April had imported several African rodents, including a Gambian giant rat that

had died of an unidentified illness. In June 2003, the U.S. government banned the import of
all rodents from Africa. Careful surveillance and isolation of exposed people and animals
halted the outbreak by the end of July, and no further cases of monkeypox have been reported
since then.”

In 1993, the CDC was called in when two healthy young New Mexico residents living in the
same household died suddenly within a few days of each other of acute respiratory distress,
their lungs filled with fluid. Within three weeks, biomedical scientists had recognized that the
illness, which had claimed several other victims in the Four Corners area of the Southwest, was
caused by hantavirus. Named after the Hantaan River in Korea, the hantavirus had been re-
sponsible for kidney disease among thousands of American soldiers in Korea during the 1950s.
In New Mexico, the virus was found to be carried by deer mice, which had been unusually
plentiful in the Four Corners area because of an unusually wet winter. All of the human victims
of hantavirus had had significant exposure to mouse droppings, either in their homes or in their
places of work.?

The CDC declared hantavirus pulmonary syndrome (HPS) a notifiable disease in 1995, and
as of June 2006, 438 cases had been reported in 30 states.” Over one-third of the victims have
died, often in a matter of hours. It is hoped that adding HPS to the list of notifiable diseases
will help medical workers to recognize it more readily. In the case of a Rhode Island college stu-
dent who may have contracted the disease in 1994 from exposure to mouse droppings while
making a film at his father’s warehouse, the hospital did not recognize that he was seriously ill
and sent him home from the emergency room the first time he appeared there; two days later he
returned much sicker, and he died five hours after being hospitalized.?

Rodents are suspected as carriers of several hemorrhagic fevers with symptoms similar to
those caused by hantavirus or the Ebola virus: Bolivian hemorrhagic fever (caused by the
Machupo virus), Argentine hemorrhagic fever (caused by the Junin virus), and Lassa fever in
Sierra Leone are all carried by rats. Well-known, insect-borne viruses, such as yellow fever and
equine encephalitis, are resurgent in areas of South and Central America where they had been
thought to be vanquished. Dengue fever, also spread by mosquitoes, has taken on the new,
deadly form of a hemorrhagic fever and is spreading north through Central America, threaten-
ing people along the southern border of the United States."

In the summer of 1999, the United States first experienced the effects of West Nile virus,
which spread rapidly across the country over the next few years. The first sign of the new disease
was a report to the New York City Health Department by an infectious disease specialist in
Queens, New York that an unusual number of patients had been hospitalized with encephalitis,
an inflammation of the brain. The disease was suspected to be St. Louis encephalitis, a
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mosquito-borne disease that is endemic in the southern United States, and the diagnosis was
supported by the patients’ reports that they had been outdoors in the evenings during peak
mosquito hours. Soon, however, it became obvious that a great number of dead crows were be-
ing found in the New York area, and a veterinarian at the Bronx Zoo reported that there had
been unprecedented deaths among the zoo’s exotic birds. Lab tests confirmed that the virus
causing the human disease was the same as the one that was killing the birds, but St. Louis en-
cephalitis virus was not known to infect birds. West Nile virus was well known in Africa, West
Asia, and the Middle East. It is known to be fatal to crows and several other species of birds. It
also infects horses. Fifty-six patients were hospitalized in the New York epidemic, seven of
whom died.?” %

How the West Nile virus came to New York is not known. The most likely explanation is
that it came in an infected bird, perhaps a tropical bird that was smuggled into the country. The
virus is easily spread among birds by several species of mosquitoes, some of which also bite hu-
mans. Although the threat disappeared with the mosquitoes after the first frost in the fall, the
next summer saw a spread of the disease to upstate New York and surrounding states. Carried
by migratory birds, the virus has now arrived in all 48 contiguous states.” It appears that West
Nile virus is here to stay. In 2007 it caused illness in 3630 people, 471 horses, and countless
birds.** While the infection proves fatal to a small percentage of human victims, it often leaves
patients with long-term impairments, including fatigue, weakness, depression, personality
changes, gait problems, and memory deficits.?!

Public health professionals fight the virus by educating the public about eliminating
standing water where mosquitoes breed, wearing long sleeves, and using repellant. A vaccine is
available for horses, and scientists are working on developing a vaccine that will be effective
for humans.

A variety of environmental factors are responsible for the recent emergence of so many new
pathogens. Human activities that cause ecological changes, such as deforestation and dam
building, bring people into closer contact with disease-carrying animals. Modern agricultural
practices, such as extreme crowding of livestock, intensify the risk that previously unknown
viruses will incubate in crowded herds and be widely dispersed to human consumers.
International distribution of meat and poultry may help to spread new pathogens. The popu-
larity of exotic pets in the United States also can lead to the spread of pathogens, like monkey-
pox and perhaps West Nile virus, from animals or birds to people. A breakdown of public
health efforts such as mosquito control programs because of complacency or insufficient fund-
ing has resulted in the reappearance of insect-borne diseases. Spread of the viruses in developing
countries is facilitated by urbanization, crowding, war, and the breakdown of social restraints
on sexual behavior and intravenous drug use. U.S. residents will not be able to escape the effects
of these new pathogens. The ease and speed of international travel means that a new infection

[l
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first appearing anywhere in the world could traverse entire continents within days or weeks.
This was dramatically illustrated by the emergence and rapid spread of SARS, as described in
Chapter 9. The SARS virus is believed to have been transmitted to humans from an animal

species used for food in China, possibly the civet cat.

Influenza

Influenza—the “flu”—may seem like an old familiar infectious disease. However, it can be
a different disease from one year to the next and has the capacity to turn into a major killer.
This happened in the winter of 1918-1919, when the flu killed 20 million to 40 million people
worldwide, including 196,000 people who died in the United States in October.** Even in
the average year, influenza kills 250,000 to 500,000 people worldwide.*® Although normally
most deaths from flu occur in people above age 65, the 1918 epidemic preferentially struck
young people.

Influenza virus has been studied extensively, and vaccination can be effective, but constant
vigilance is necessary to protect people from the disease. Like HIV, influenza is an RNA virus,
constantly changing its appearance and adept at eluding recognition by the human immune
system. Because of the year-to-year variability of the flu virus, flu vaccines must be changed an-
nually to be effective against the newest strain. Each winter, viral samples are collected from
around the world and sent to WHO, where biomedical scientists conduct experiments designed
to predict how the virus will mutate into next year’s strain. These educated guesses form the ba-
sis for next year’s vaccine.

At unpredictable intervals, however, a lethal new strain of the flu virus can come along, as it
did in 1918. A strain that caused the Asian flu emerged in 1957, and a third, called Hong Kong
flu, arrived in 1968. Neither of the latter outbreaks was as deadly as the 1918 epidemic, al-
though a not insignificant 70,000 Americans died from the Asian flu. In 1976, CDC scientists
thought they had evidence that another deadly strain—swine flu—was emerging, and the
country mobilized for a massive immunization campaign. That time, the scientists had made a
mistake; the anticipated epidemic never occurred. Infectious disease experts have for decades
been expecting a new epidemic, which did occur in 2009, as discussed later in this section.

New strains of influenza virus, especially those that have undergone major changes, tend to
arise in Asia, particularly China, and then spread around the world from there. One of the rea-
sons China is an especially fertile source of new flu strains is that animal reservoirs for in-
fluenza—pigs and birds—are common there, living in close proximity to humans. Human and

animal influenza viruses incubate in a pig’s digestive system, forming new genetic combina-
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tions, and are then spread by ducks as they migrate. While such hybrid viruses, containing hu-
man and animal genes, are only rarely capable of infecting humans, those that are able to do so
are the most likely to be deadly.

Until recently, little was known about what made the 1918 strain of influenza so deadly, or
how to predict the lethality of new strains that come along. Recently, however, genetic studies
have been possible using samples of the 1918 virus. Tissue taken from soldiers who died in
1918 had been stored at the Armed Forces Institute of Pathology in Washington, D.C. and
from victims in an Alaskan village who were buried in permanently frozen ground. Scientists
have found that the 1918 virus has features in common with avian flu viruses that make them
especially dangerous to humans, and they also resemble the human virus enough that they can
spread easily among people.** Similar avian features were found in the viruses that caused epi-
demics in 1957 and 1968.

Thus influenza experts were alarmed in 1997, when a 3-year-old Hong Kong boy died from
a strain of influenza virus that normally infected chickens. There had been an epidemic of the
disease in the birds a few months earlier. Antibodies to the virus were found in the blood of the
boy’s doctor, although he did not become ill, and public health authorities watched for more
cases with great concern. Two dozen other people became sick by December, and six died. To
prevent further transmission from chickens to humans, the Hong Kong government ordered
that all 1.5 million chickens in the territory be killed. That action seems to have been effective
in halting the epidemic in humans.*

Bird flu emerged again in 2003 and has become widespread in Asia, sub-Saharan Africa, and
some European countries, despite efforts to eliminate it by killing millions of birds.** Human
deaths from bird flu have been recorded every year since 2003. Thus far it appears that most of
the human victims of the bird flu caught the virus from chickens, not from other humans.
There is great concern that mixing of the viral genes could occur in a person infected with both
the bird virus and a human flu virus, resulting in a much more virulent strain capable of spread-
ing among humans. The new virus could start a global pandemic of a lethal form of the disease,
as in 1918. Scientists are trying to develop a vaccine against the bird flu virus, but this is prov-
ing more difficult than making existing flu vaccines. One new drug has been found effective
against the disease, but it is expensive and is not yet available in the large quantities that would
be necessary if there is a pandemic.

While avian flu is still a cause for concern, another strain of influenza emerged in spring
2009, which was quickly declared a pandemic by the WHO, making it the first pandemic since
1968. The virus, which originated in pigs and is known as swine flu or, more accurately,
HINI, spread rapidly around the world. The term “pandemic” refers to its worldwide spread
rather than its severity, and in most patients the symptoms are mild. As in 1918-1919, how-
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ever, young people are more susceptible to the HIN1 strain than are older adults, who may

have some immunity due to exposure to previous viruses. Preparation for pandemic flu is dis-
cussed further in Chapter 29.

The public health approach to influenza control can serve as a model for how to predict and
possibly prevent the spread of other new viral threats. As the AIDS epidemic has shown, a new
virus can come from “nowhere” and wreak havoc all over the world within a few years.
Complacency over the “conquest” of infectious diseases has led governments to cut budgets and
reduce efforts at monitoring disease. That should not happen again. The public health informa-
tion gathering network is more important than ever.

New Bacterial Threats

Bacteria, which a few decades ago seemed easily controllable because of the power of antibiotics
to wipe them out, have, like viruses, emerged in more deadly forms. Previously unknown bacte-
rial diseases such as Legionnaires’ disease and Lyme disease have appeared. More baffling is the
fact that some ordinary bacterial infections have turned unexpectedly lethal. A great cause for
concern is the development of resistance to drugs. Resistance can spread among pathogens of
the same species and even from one bacterial species to another.

Legionnaires” disease and Lyme disease are not new, but only recently have they become
common enough to be recognized as distinct entities and for their bacterial causes to be identi-
fied. As described in Chapter 4, Legionella bacteria were able to flourish in water towers used for
air conditioning. Regulations requiring antimicrobial agents in the water have been effective in
limiting the spread of Legionnaires’ disease. The conditions that promote the spread of Lyme
disease, however, are more difficult to change. The pathogen that causes Lyme disease was iden-
tified in 1982 as a spirochete that is spread by the bite of an infected deer tick.? The reservoir
for Lyme disease is the white-footed mouse, on which the deer tick feeds and becomes infected.
Deer, on which the ticks grow and reproduce, are an important step in the chain of infection,
and it is because of the recent explosion in the deer population in suburban areas that Lyme dis-
ease has now become such a problem for humans.

Infection with streptococci, the bacteria that cause strep throat, had normally been easily cured
with penicillin. However, for reasons that are not well understood, a more lethal strain of the
bacteria, called group A streptococci, has become increasingly common. The sudden death of
Muppets puppeteer Jim Henson in 1990 from fulminating pneumonia and toxic shock was
caused by this new, virulent strain. The headline-grabbing “flesh-eating bacteria” that infect
wounds to the extent of necessitating amputations and even causing death are also group A strep-
tococei. The group A strain, which produces a potent toxin, was prevalent in the early part of the
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20th century, when it caused scarlet fever, frequently fatal in children, and rheumatic fever,
which often caused damage to the heart. For decades, the group A strain was superseded by
strains B and C, which were much milder in their pathogenic effects. But now, for reasons that
are not clear, the group A strain has become much more prevalent.?” 40

Another bacterium that has recently become more deadly is Escherichia coli, which is nor-
mally present without ill effect in the human digestive tract. In 1993, the new threat gained na-
tional attention when a number of people became severely ill after eating hamburgers at a Jack
in the Box restaurant in Seattle, and four children died of kidney failure. The culprit was found
to be a new strain of £, cols, which had acquired a gene for shiga toxin from a dysentery-causing
bacterium. The toxin, against which there is no treatment, causes kidney failure, especially in
children and the elderly. The shiga toxin gene had “jumped” from one species of bacteria to an-
other while they were both present in human intestines, The resulting strain, called £ coli
serotype O157:H7, is now quite common in ground beef, leading public health authorities to
recommend or require thorough cooking of hamburgers.'”?42) The “jumping gene” phenome-
non has also been found in cholera and diphtheria bacteria, bacterial strains that can be benign
or virulent depending on the presence or absence of genes that produce toxins.

Since the finding that £. coli O157:H7 is common in hamburger, it has been discovered to
cause illness by a number of other exposures, including unpasteurized apple cider and alfalfa
sprouts.!®160-16D) Tn 1999, there was an outbreak in upstate New York among people who had
attended a county fair. The bacteria were found in the water supplied to food and drink ven-
dors. It turns out that £ coli O157:H7 is widespread in the intestines of cattle, especially calves,
which excrete large quantities of the bacteria in manure, The manure may contaminate apples
fallen from trees or other produce, which if not thoroughly washed before being consumed,
may spread the disease to people. At the New York State county fair, the water was contami-
nated because heavy rain washed manure from the nearby cattle barn into a well.®2 A
vaccine against the toxic bacteria is being tested in cattle in the hope of reducing the risk of
human exposure.®

Perhaps the most disturbing development in infectious diseases is the antibiotic resistance
among many species of bacteria, a development tha leaves physicians powerless against many
diseases they thought to be conquered. The process by which bacteria become resistant to an
antibiotic is a splendid example of evolution in action. In the presence of an antibiotic drug,
any mutation that allows a single bacterium to survive confers on it a tremendous selective ad-
vantage. That bacterium can then reproduce without competition from other microbes, trans-
mitting the mutation to its offspring. The result is a strain of the bacteria that is resistant to that
particular antibiotic. The mutated gene can also “jump” to other bacteria of the same or differ-
ent species by the exchange of plasmids, small pieces of DNA that can move from one bacterial
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organism to another. Different mutations may be necessary to confer resistance to different an-
tibiotics. Some bacteria become resistant to many different antibiotics, making it very difficult
to treat patients infected with those bacteria.

Improper use of antibiotics favors the development of resistance, and the current widespread
existence of resistant bacteria testifies to the carelessness with which these lifesaving drugs have
been used. For example, since antibiotics are powerless against viruses, the common practice of
prescribing these drugs for a viral infection merely affords stray bacteria the opportunity to de-
velop resistance. Another example of improper use is the common tendency of patients to stop
taking an antibiotic when they feel better instead of continuing for the full prescribed course.
The first few days’ dose may have killed off all but a few bacteria, the most resistant, which
may then survive and multiply, becoming much more difficult to control. In some countries,
antibiotics are available without a prescription, increasing the likelihood that they will be
used improperly.

A practice that significantly contributes to antibiotic resistance is the widespread use in ani-
mal feeds of low doses of antibiotics for the purpose of making livestock grow bigger and
healthier. More antibiotics are used in this manner than in medical applications, and the prac-
tice has clearly led to the survival of resistant strains of bacteria that may not only contaminate
the meat but that may also spread the antibiotic resistance genes to other bacteria.* Studies
have shown that these “superbugs” can be transmitted to humans.* Because the agricultural in-
dustry benefits from the practice, the government has been reluctant to impose regulations on
it. Routine use of antibiotics in animal feed has been banned in Europe.

The bacteria salmonella and campylobacter are estimated to cause 3.8 million cases of food-
borne illness in the United States each year. In a 1999 study, 26 percent of the salmonella cases
and 54 percent of the campylobacter cases were found to be resistant to at least one antibiotic,
probably because of antibiotic use in animal feed.“® Resistance to erythromycin and other com-
mon antibiotics is increasingly found in group A streptococci, the lethal strain discussed previ-
ously.”” Infection with methicillin-resistant Staphylococcus aureus (MRSA) is a major problem in
hospitals, burn centers, and nursing homes, where hospital staff may carry the bacteria from
one vulnerable patient to another. Despite efforts to prevent hospital-acquired infections,
MRSA infections have risen steadily over the past decade.”® Healthcare-associated infections,
many of them caused by drug-resistant bacteria, are estimated to cost $20 billion and con-
tribute to some 99,000 deaths annually in the United States.”
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Multidrug-Resistant Tuberculosis (MDR TB)

Tuberculosis, which is spread by aerosol, used to be a major killer in the United States. Between
1800 and 1870, it accounted for one out of every five deaths in this country. Worldwide, it is
still the leading cause of death among infectious diseases. It is a disease associated with poverty,
thought to be conquered in the affluent United States, where the incidence of tuberculosis
steadily declined between 1882 and 1985. Much of the success came from the early public
health movement, which emphasized improvement of slum housing, sanitation, and pasteuriza-
tion of cows’ milk, which harbored a bovine form of the bacillus that was pathogenic to hu-
mans. Patients were isolated in sanatoriums, where they were required to rest and breathe fresh
air and, incidentally, were prevented from infecting others. With the introduction of antibiotics
in 1947, mortality from tuberculosis was dramatically reduced, sanatoriums were closed, and
tuberculosis seemed vanquished.

In 1985, however, the trend reversed. There were several reasons for the increase in the inci-
dence of tuberculosis, which was particularly concentrated in cities and among minority
populations. The HIV epidemic was certainly a major factor. People with defective immune
systems are more susceptible to any infection, but HIV-positive people are especially
vulnerable to tuberculosis. An increasing homeless population and the rise in intravenous drug
use, both of which are associated with HIV infection, were also factors in increasing tuberculo-
sis rates. Homeless shelters, prisons, and urban hospitals are prime sites for the transmission
of tuberculosis.

But tuberculosis is not limited to the “down and out” or those who participate in high-risk
behavior. “The principal risk behavior for acquiring TB infection is breathing,” as one expert

Says'SO(p.IOSB)

People have been infected with tuberculosis bacilli in the course of a variety of
everyday activities: a long airplane trip sitting within a few rows of a person with active tuber-
culosis,” hanging out in a Minneapolis bar frequented by a homeless man with active tubercu-
losis,”* and, most frighteningly, attending a suburban school with a girl whose tuberculosis went
undiagnosed for thirteen months.>

When tuberculosis bacilli are inhaled by a healthy person, they do not usually cause illness in
the short term. Most often, the immune system responds by killing off most of the bacilli and
walling off the rest into small calcified lesions in the lungs called tubercles, which remain dor-
mant indefinitely. Evidence that a person has been exposed shows up in tuberculin skin tests,
which cause a conspicuous immune response when a small extract from the bacillus is injected
under the exposed person’s skin. For reasons that are not well understood, probably having to
do with individual immune system variations, a small percentage of people develop active dis-
ease soon after exposure; others may harbor the latent infection for years before it becomes ac-
tive, if ever. Infected people have a 10 percent lifetime risk of developing an active case. The risk
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for people who are HIV positive is much higher: up to 50 percent.”! Most cases of active tuber-

culosis are characterized by growth of the bacilli in the lungs, causing breakdown of the tissue
and the major symptom—coughing—which releases the infectious agents into the air.

Before the introduction of antibiotics, about 50 percent of the patients with active tubercu-
losis died. Antibiotics dramatically reduced not only the mortality rate, but the incidence rate as
well, since the medication relieved coughing and therefore inhibited the spread of disease.
However, the development of multidrug resistance (MDR) in some strains of the bacilli has
meant that the disease is much more difficult and expensive to treat, and the mortality rate is
much higher.

The increased prevalence of the antibiotic resistant strains in all parts of this country during
the 1980s is thought to be due to the fact that many patients did not take their medications
regularly. The tuberculosis bacillus is a particularly difficult pathogen to deal with because it
grows slowly and because diagnostic testing can take several weeks. Once the disease is
diagnosed, even the most potent antibiotic must be taken for several months to wipe out the .
pathogens. Patients commonly begin to feel better after two to four weeks of taking an effective
prescribed drug and, if they stop taking the medication at that point, they may relapse with a
drug-resistant strain.

That MDR TB can be a threat to all strata of society was made clear by an epidemic that was
finally recognized in a suburban California school in 1993. The source of the outbreak was a
16-year-old immigrant student who had contracted the disease in her native Vietnam.>® She
had developed a persistent cough in January 1991, but her doctors had failed to diagnose the
cause as tuberculosis until thirteen months later. Even then, they did not report the case to the
county health department, as required by law, and when the case was reported by the laboratory
that had analyzed her sputum, the doctors refused to cooperate with the health department. By
the time the county authorities took over her case in 1993, the girl had developed a drug-resis-
tant strain. In accordance with standard public health practice, the health department then be-
gan screening all the girl’s contacts for tuberculosis infection. Some 23 percent of the 1263
students given the tuberculin skin test were found to be positive for exposure to the infection.
Of those, thirteen students had active cases of the drug-resistant strain of the disease.
Fortunately, no one died.**

It is clearly in the community interest to ensure that all tuberculosis patients be properly di-
agnosed and provided a full course of medications, whether or not they can afford to pay, to
prevent them from spreading the disease. New York City has proven that, by applying public
health measures, it is possible to reverse the trend of increasing MDR TB, a trend that had been
worse in that city than anywhere else in the nation. In 1992, the number of tuberculosis cases
diagnosed in the city had nearly tripled over the previous fifteen years, and 23 percent of new
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cases were resistant to drugs. The city and state began intensive public health measures, which
included screening high-risk populations and providing therapy to everyone diagnosed with ac-
tive tuberculosis. A program of directly observed therapy (DOT) was instituted for patients
who were judged unlikely to take their medications regularly. Outreach workers traveled to pa-
tients” homes, workplaces, street corners, park benches, or wherever necessary to observe that
each patient took each dose of his or her medicine. As a result of these measures, the number of
new cases of tuberculosis fell in 1993, 1994, and 1995, and the percentage of new cases that

were MDR also fell by 30 percent in a two-year period.” New York’s success has been echoed -

by national trends, as shown in Figure 10-1, giving hope that concerted public health efforts
can eliminate tuberculosis as a serious public health threat in the United States. DOT is recog-
nized all over the world as the most effective approach to dealing with tuberculosis.

As Figure 10-1 shows, the majority of tuberculosis cases reported in the United States are
found among foreign-born persons. This reflects the fact that tuberculosis infection is wide-
spread throughout the world, especially in developing countries and in countries with high
rates of HIV infection. The prevalence of MDR TB strains is a major concern; the proportion
of TB cases that are MDR can reach 20 percent in some countries of the former Soviet Union
and parts of China.*® In the United States, the proportion of multidrug-resistant cases is only
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FIGURE 10-1 Number and Rate of Tuberculosis (TB) Cases in the United States from
1993-2008. Source: U.S. Centers for Disease Control and Prevention, Morbidity and
Mortality Weekly Report 58 (2009): 252, Figure 2.
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about 1 percent, mainly occurring among foreign-born persons. Because of immigration and
international travel, the United States will need to continue tuberculosis control programs at
home and to actively participate in global efforts to control the disease around the world to
avoid future outbreaks in this country.

The CDC in 2007 revised its requirements for overseas medical screening of applicants for
immigration to the United States.”” Federal agencies also developed measures to prevent indi-
viduals with certain communicable diseases, including active tuberculosis, from traveling on
commercial aircraft. Names of these individuals are placed on a Do Not Board list by federal,
state, or local public health agencies and distributed to international airlines. A similar list is
distributed to border patrol authorities in order to prevent individuals deemed dangerous to the
public health from entering the country through a seaport, airport, or land border. These lists
are managed by the CDC and the Department of Homeland Security.>®

In the 1990s, even more threatening strains of tuberculosis began to appear around the
world—extensively drug-resistant, or XDR TB, While strains of MDR TB are resistant to the
most common anti-TB drugs, there are still some drugs that are effective against them, al-
though they are more expensive and are difficult to administer. XDR TB is resistant to virtually
all antituberculosis drugs, leading to a mortality rate of 50 percent or more. According to one
expert, this raises “concerns about a return to the pre-antibiotic era in TB control.”?

In May 2007, an American lawyer, Andrew Speaker, caused an international health scare
when, after being tested for tuberculosis in Atlanta, he flew to Paris to be married in Greece and
spend his honeymoon in Europe. When the test results came in a few days later, showing that
he had XDR TB, the CDC contacted him in Rome and recommended that he make arrange-
ments for medical treatment there. Instead, he traveled to the Czech Republic, took a flight
from Prague to Montreal, and then drove to New York City where he turned himself in at a
hospital. He later explained that he preferred to be treated at home and was afraid he would not
be allowed to board a plane bound for the United States. The incident inspired headlines
around the world as U.S. authorities tried to locate M. Speaker and to track down passengers
and crew members on the two trans-Atlantic flights so that they could be tested for the infec-
tion. Back in the United States, Mr. Speaker was held in isolation and eventually had surgery to
remove the infected portions of his lung. Further tests showed that he did not have XDRTB af-
ter all, although his infection was MDR TB.® The incident presumably inspired the develop-
ment of Do Not Board lists, as described above.

It is clear that in the struggle between microbes’ ability to evolve new variations and human
ingenuity in devising new defenses against them, the microbes are gaining. In a special issue of
Science magazine devoted to emerging infections, a CDC scientist says that a “post-antimicro-
bial era may be rapidly approaching,” when effective antibiotics will no longer be available to
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treat bacterial infections.®®1% If so, that era will force public health professionals back to
more emphasis on prevention of disease transmission with classical public health measures such
as surveillance, immunization, sanitation, and infection control procedures.

Prions

As if new viruses and drug-resistant bacteria were not worrisome enough, a novel form of infec-
tious disease grabbed headlines in the 1990s. Creutzfeldt-Jakob disease (CJD) is a rare and dev-
astating disorder in which the patient becomes demented and ultimately dies, and the brain
appears spongy on autopsy because many brain cells have died. Similar diseases in animals can
be transmitted by injecting brain tissue from an infected animal into the brain of a previously
healthy one. However, no virus or bacteria has been found responsible for causing the condi-
tion. In 1997, Stanley Prusiner, a scientist at the University of California Medical School in San
Francisco, won the Nobel Prize for his controversial theory that this type of disease is caused
by particles called prions, which contain protein but no nucleic acid and thus no traditional
genetic material.

In 1996, a paper appeared in a British medical journal reporting that ten persons in the
United Kingdom younger than 45 years of age had been diagnosed with a CJD-like condition,
an unusually high incidence in a group much younger than those usual struck by the disease.®
The authors suggested a link with an epidemic of bovine spongiform encephalopathy (BSE),
known as “mad cow disease,” which had killed over 160,000 cattle in Britain over the previous
decade. The disease was spread by the practice, now discontinued, of grinding up discarded an-
imal parts and adding them to feed for other cattle. A flurry of alarm and a European ban on
British beef led the British government in 1996 to order the mass slaughter of all at-risk cattle
to prevent the possibility of human exposure to infected beef.¢3

The evidence is strong that consumption of contaminated beef is the cause of new variant
CJD (vCJD). As of October 2009, 217 cases had been reported worldwide, of which 170 were
in the United Kingdom. Most of them had lived there during the years of the BSE outbreak
among cattle. Three cases have been reported in the United States, two of them who probably
contracted the disease in the United Kingdom and one who probably contracted the disease in
Saudi Arabia.** There is great controversy about whether enough is being done to protect
American cattle from BSE. Regulations on cattle feed have been tightened, and restrictions have
been introduced that prohibit certain cattle parts from entering the food supply. However,
many critics believe more should be done. In Japan, all cattle to be used for food are tested for
mad cow disease at the time of slaughter. In France, about half of the slaughtered cattle are
tested. In the United States, tests are done on less than 1 percent of slaughtered cattle.” Three
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cases of BSE have been identified in American cows between 2003 and 2006, and critics say
that the method for choosing cows to be tested is flawed. They say that the American policy on
testing is based more on economic factors than health concerns and that the Agriculture
Department does not want to find diseased cows for fear of damaging the market for exports of
American beef.% No cases of vCJD have been attributed to consumption of American beef.

Public Health Response to Emerging Infections

The American public health system, criticized in 1988 for being in disarray, has taken many
steps toward responding to the emerging threats of infectious diseases. While still underfunded
and challenged from all sides, American public health agencies have devoted significant re-
sources to developing plans and priorities for confronting the threats.

The Institute of Medicine has undertaken several studies to address the environmental,
demographic, social, and other factors leading to the emergence or re-emergence of infectious
diseases. One of its conclusions is that most of the emerging infectious disease events have been
caused by zoonotic disease pathogens—those infectious agents that are transmitted from anj-
mals to humans. Factors that contribute to the risk of this animal to human transmission in-
clude human population growth, changing patterns of human-animal contact, increased
demand for animal protein, increased wealth and mobility, environmental changes, and human
encroachment on farmland and previously undisturbed wildlife habitat. Clearly, these diseases
are an international problem, and dealing with them requires an international response.’

Global surveillance for infectious diseases is critically important for identifying potential epi-
demics early enough to bring them under control. Diseases that went unnoticed in animals but
have spread to humans include AIDS, Ebola, avian influenza, and SARS. Effective control of
emerging infectious diseases requires worldwide disease surveillance focusing not only on hu-
man populations, but also on domestic animals and wildlife. Thus, the CDC is collaborating
with, in addition to the World Health Organization, the World Organization for Animal
Health, and the Food and Agricultural Organization of the United Nations. In addition, the
CDC has established the International Emerging Infections Program, which has laboratories in
China, Egypt, Guatemala, Kenya, and Thailand.

Other priorities that the Institute of Medicine has identified for controlling emerging infec-
tions include reducing inappropriate use of antibiotics by banning their use for growth promo-
tion in animals and by developing improved diagnostic tests for infectious diseases so that
antibiotics are not used for viral diseases. The Institute of Medicine also recommends develop-
ing new vaccines, new antimicrobial drugs, and measures aimed at vector-borne diseases. 8
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Public Health and the Threat of Bioterrorism

In the late 1990s concern increased in the United States about the possibility that biological or-
ganisms could be used as agents of warfare and terrorism. The anthrax attacks of 2001, de-
scribed in the Prologue, demonstrated that the concern was well founded. Earlier incidents had
raised awareness of the possible threat, including revelations by a Russian defector that the
Soviets had developed systems for loading smallpox virus on ballistic missiles.”” Concern was
heightened by evidence that Iraq had produced missile warheads and bombs containing anthrax
spores and botulinum toxin. The Aum Shinrikyo cult that released sarin gas in a Tokyo subway
was found later to have experimented with releases of aerosolized anthrax and botulinum toxin
throughout the city.”® Closer to home, a 1984 outbreak of salmonellosis that sickened 751 peo-
ple in The Dalles, Oregon was eventually traced to intentional contamination of salad bars in
several restaurants, details of which were revealed much later in a criminal prosecution of the
Baghwan religious cult that was responsible for the incident.”

Even before the anthrax attacks of 2001, the CDC had developed plans for dealing with
biological terrorism. Since then, awareness of the possibility of biological attacks has increased,
and planning has continued. It is clear that, in contrast with bombings or chemical attacks,
dissemination of biological agents is likely to be done in a covert way. Thus, the first signs of an
attack are likely to be seen by physicians and hospital emergency rooms. Local health depart-
ments will carry out the initial investigations of unusual disease outbreaks, and good surveil-
lance is vital for recognizing outbreaks as early as possible. In sum, the approach to bioterrorism
preparedness is much the same as the response to an epidemic of any other origin. Preparedness
for bioterrorism is discussed further in Chapter 29.

Conclusion

Infectious diseases have increasingly threatened the health of Americans over the past two
decades, in a challenge to the earlier view that infectious diseases were under control. The ap-
pearance of AIDS in the early 1980s was an early sign that a new disease could appear out of
“nowhere” and rapidly become a lethal, worldwide epidemic. Other viruses such as Ebola and
other hemorrhagic fevers have emerged in tropical areas and could be brought to the United
States if conditions were right. A deadly hantavirus appeared in the United States in 1993 and
has been reported in 29 states. West Nile virus was first recognized in New York City in 1999
and has spread across the country to almost all states. Monkeypox, a virus similar to smallpox
that primarily infects rodents, was brought to the United States in exotic pets imported from
Africa and sickened a number of people in 2003. Influenza is a highly infectious disease that
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can spread rapidly all over the world. While the public health system has worked internation-
ally, adapting vaccines to keep up with the rapidly mutating viruses, everyone is frightened by
the prospect of another worldwide flu epidemic like the one in 1918 that killed 20 to 40 mil-
lion people.

New bacterial diseases have also been appearing in the United States as ecological and cul-
tural conditions change. Lyme disease and Legionnaires’ disease have been significant problems
in the past two decades. Streptococci and E. coli have become much more deadly in recent years.
Many bacteria, including M. tuberculosis, have developed resistance to antibiotics, making them
much less vulnerable to treatment.

To combat today’s emerging infectious threats, public health professionals must update
measures successful in the early part of the 20th century. Plans are in place to fortify the public
health system to improve surveillance and response to the new threats. As with many other as-
pects of public health, however, political controversy and economic concerns tend to impede
the implementation of effective measures, such as those needed to deal with antibiotic resist-
ance stimulated by agricultural practices. New concerns about the threat of biological terrorism
have added urgency to the call for strengthening the public health system in the United States.
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