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PREFACE il

Preface

... it is not inconsistent with respect to personal freedom to attempt to create an
environment which encourages people to do what is good for them and to avoid
what is bad.

Thomas McKeown The Origins of Human Disease Blackwell, Oxford,
United Kingdom, 1988 p. 215.

The two key factors which affect the spread of infectious diseases in the
human community other than the nature of the infectious agent are human
ecology and behavior. Although some aspects of the impact of the resulting
infections are similar since both result in disease, the processes by which these
human activities lead to increased risk of infectious disease are quite different.

The agents of infectious diseases do not arise de novo in each infected
individual by spontaneous generation. For the most part, they are transmitted from
one species to another or from one individual of a species to another member of
the same species. To survive, infectious agents must be successful in maintaining
themselves in their chosen, susceptible population. There are many determinants
of success, but undoubtedly contact between the infected and the susceptible
populations is a major determinant of the frequency of transmission.
Furthermore, when a human population comes in contact with a new
transmissible agent, or with a previously isolated human population, new

Bernard Roizman is the Joseph Regenstein Distinguished Service Professor of Virology
at the University of Chicago.

James M. Hughes is director of the National Center for Infectious Diseases at the
Centers for Disease Control and Prevention, Atlanta, Georgia.
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PREFACE iv

infectious agents are likely to enter the human community. These simple rules
have been known for many years. They accounted for the spread of measles,
smallpox, influenza, and bubonic plague in the centuries past. The principle that
human ecology affects the incidence and patterns of infectious diseases is not
only accepted but has been credited with playing a major role in the rise and fall
of nations in human history (1). The focus of attention of the articles in this
volume is on two aspects of changes in ecology. The first concerns the spread of
infectious agents resulting from the human migrations from regions of high
disease incidence to low incidence, from cities to forested suburban areas, etc.
The second concerns the rise and spread of agents resistant to drugs designed to
arrest their multiplication.

Only recently, however, have we become fully aware of the global impact of
the changes in human behavior on infectious diseases. At first glance, "changes in
human behavior" implies changes in sexual behavior, and in fact, increases in the
number of sexual partners accounts for the increased incidence of sexually
transmitted diseases. We may add failure to self administer available drugs to
arrest the development and spread of drug-resistant, non-sexually transmitted
agents such as Mycobacterium tuberculosis, and the role of immunosuppressive
medical treatments which may predispose patients to serious infections with
agents considered relatively innocuous for immunocompetent individuals.

The increase in the incidence or severity of infectious maladies has led to the
recognition of emerging infectious agents and diseases; these have been described
in numerous reports and publications (e.g., 2—4). It is relevant to note that some
10 to 15 years ago it was thought that most infectious agents of diseases had been
identified and that the few agents still unknown played a role in diseases, like
cancer, which manifested themselves many years after infection. Two events
discredited this view. Foremost, the technology for identification of the presence
of an infectious agent underwent dramatic developments and led to the
identification of several hitherto unknown, but not novel agents of disease. No
less important, however, was the fact that changes in human ecology and
behavior increased the incidence or severity of diseases resulting in their
recognition and subsequent investigation. The significance of the latter factor
cannot be overstated. Improved surveillance to ensure a timely response to the
effects of changes in ecology and behavior on human infectious disease will play a
major role in reducing the human burden of infectious diseases (5). Control of
infectious diseases is our goal. The lesson of history is that prevention of
infectious diseases by prophylaxis or immunization will be only partially
effective
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in the absence of changes in human behavior and ecology. Syphilis, for example,
is still rampant notwithstanding availability of inexpensive and effective therapy.

Effecting changes in human behavior and ecology pits the rights of the
individual against the best interests of the society. The issues are not new. Carlo
M. Cipolla's studies (6) of archival documents dealing with the plague which
ravaged Tuscany in the middle of the seventeenth century are of particular
interest. The plague was endemic in seventeenth-century Europe and its causes
were not well understood. Diseases which spread through the population were
thought to be caused by miasmas characterized by foul odors which clung to the
environment and spread from person to person. The Florentine authorities
established Health Magistrates whose task was to monitor the pesthouses to
which the ill were brought, and to enforce quarantines. The quarantines were
commonly disliked because they interfered with everyday life. By and large the
Church assisted the Health Magistrates in enforcing procedures that were found
empirically to minimize the spread of the plague. In a few instances conflicts
arose. While the Health Magistrates had little doubt that religious processions
kindled the spread of plague, the men of the Church fervently believed that
processions and similar ceremonies had exactly the opposite effect. Cipolla
recounts that in December of 1630 the Prior of the Monastery of St. Marco
pressed for a religious procession in the face of opposition of the Health
Magistrates. A compromise was finally worked out. The procession was held, but
it was restricted to chosen members of the clergy, the Grand Duke and his court,
and the Senators in their purple. The populace was excluded and access to the
procession was blocked by horse guards. Even so, as Cipolla recounts, the streets
were strewn with fragrant herbs, presumably to mask the odors through which the
plague spread.

The Florentines of the mid-seventeenth century did not know of the role of
bacilli, rats and fleas in the dissemination of the plague. While the basic premise
was in error, they learned empirically of the need to control human behavior to
reduce the impact of the epidemics. Over three centuries later, as this collection
of scientific reports illustrates, we know the etiology of most infectious diseases
affecting humans but we are far from being able to deal effectively with the
factors which facilitate their transmission. Continuous research and dissemination
of facts concerning the role of human behavior and ecology on the incidence and
spread of infections may ultimately bring about the kind of environment sought
by Thomas McKeown.

BERNARD Ro1zMaN AND JAMES M. HUGHES
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LYME DISEASE: A GROWING THREAT TO URBAN POPULATIONS 1

Lyme Disease: A Growing Threat to Urban
Populations

ALLEN C. STEERE

Lyme disease was recognized as a separate entity in 1975-1976 because of
geographic clustering of children in Lyme, Connecticut, who were thought to
have juvenile rheumatoid arthritis (1). The rural setting of the case clusters, the
usual onset of illness in the summer and early fall, the onset in members of the
same family in different years, and the recognition that erythema migrans was a
feature of the illness suggested that the disorder was transmitted by an arthropod.
Epidemiologic studies of patients with erythema migrans implicated certain
ixodes ticks as vectors of the disease (2, 3). Prospective studies of these patients
showed that the illness could affect multiple systems over a period of years,
including the skin, nervous system, heart, or joints (4).

Erythema migrans also linked Lyme disease in the United States with certain
syndromes described previously in Europe. Early in this century, Afzelius in
Sweden (5) and Lipschutz in Austria (6) described a characteristic expanding skin
lesion, which they called erythema migrans or erythema chronicum migrans.
Many years later, it was recognized that erythema migrans could be followed by a
chronic skin disease, acrodermatitis chronica atrophicans, which had already been
described as a separate entity (7). In the 1940s, Bannwarth (8) defined a
syndrome that consisted of radicular pain followed by

Allen C. Steere is chief of rheumatology and immunology at New England Medical
Center and professor of medicine at the Tufts University School of Medicine.
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chronic lymphocytic meningitis and sometimes cranial or peripheral neuritis. In a
few cases, the neurologic syndrome was preceded by an erythema.

These various syndromes were brought together conclusively in 1982 when a
previously unrecognized spirochete, now called Borrelia burgdorferi, was
recovered from Ixodes dammini ticks (also called Ixodes scapularis) (9). The
spirochete was then isolated from patients with Lyme disease in the United States
(10, 11) and from those with erythema migrans, Bannwarth's syndrome, or
acrodermatitis in Europe (12—-14). In addition, the immune responses of patients
were linked conclusively with infection with this organism.

Although the basic outlines of the illness are similar worldwide, regional
variations have been noted (15). Lymphocytoma, acrodermatitis, and
encephalomyelitis have been seen primarily in Europe (16, 17), whereas widely
disseminated early infection, secondary annular skin lesions, and arthritis have
been found more commonly in America (18, 19). Recent work in the
classification of B. burgdorferi has begun to clarify the issue of geographic
differences in Lyme disease. Using a variety of methods, three genomic groups
of B. burgdorferi have now been identified (20, 21). To date, all North American
strains have belonged to the first group, B. burgdorferi sensu stricto. Although all
three groups have been found in Europe, most isolates have been group 2 or 3
strains. Group 2 strains have been renamed Borrelia garinii (21), and group 3
strains have been renamed Borrelia afzelii (81).

VECTOR AND ANIMAL HOSTS

Lyme disease is transmitted in all of these locations by several closely
related ixodid ticks that are part of the Ixodes ricinus complex. These include 1.
dammini (also named 1. scapularis) in the northeastern and midwestern United
States (3, 22), Ixodes pacificus in the western United States (82), I. ricinus in
Europe (23), and Ixodes persulcatus in Asia (24). The endemic cycle of B.
burgdorferi varies among geographic locations. In the northeastern and
midwestern United States, the preferred host for both the larval and nymphal
stages of I. dammini is the white-footed mouse Peromyscus leucopus (22). It is
critical that this rodent host is tolerant to infection with B. burgdorferi and that
both of the tick's immature stages feed upon this host, since the life cycle of the
spirochete depends upon horizontal transmission between immature ticks and
mice (25). The preferred host for the adult stage of 1. dammini is the white-tailed
deer Odocoileus virginianus (26). Although deer are not involved in the life cycle
of the spirochete, they seem to be critical for
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survival of the ticks (27). The endemic cycle of B. burgdorferi is different in the
western United States. There, the spirochete is maintained in nature in a
horizontal cycle between the dusky-footed woodrat Neotoma fuscipes and Ixodes
neotomae, a tick that does not feed on humans (28). Only the relatively few
larval and nymphal . pacificus that feed upon infected woodrats, rather than
lizards, are then responsible for transmitting the spirochete to humans. For this
reason, only about 1% of nymphal L. pacificus are infected with B. burgdorferi
(28), whereas infection rates in nymphal /. dammini in the northeast range from
20% to 50% (10, 29).

FIGURE 1 Worldwide locations of Lyme disease: Areas in North America,
Europe, and Asia that are affected by Lyme disease. These areas are along the
terminal moraine of the glaciers 15,000 years ago.

EVOLUTION OF ENVIRONMENT

The primary areas now affected by Lyme disease in the United States,
Europe, and Asia are sites near the terminal moraine of the glaciers 15,000 years
ago (Figure 1) (30, 31). At that time, the northeastern and upper midwestern parts
of what is now the United States were covered by tundra. As the glaciers
retreated, forests grew in these areas, which eventually became populated with
large numbers of deer. Early descriptions of colonial New England include
comments about the abundance of deer and annoying ticks (32). During the 18th
and 19th centuries, forests were destroyed in New England
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to make farms, and deer were hunted practically to extinction. Deer are thought to
have survived only in a few isolated locations, such as Naushon Island near Cape
Cod and on the eastern end of Long Island, New York (31). Analysis of museum
tick collections by polymerase chain reaction (PCR) has documented the presence
of B. burgdorferi -infected I. scapularis on Montauk Point, Long Island 50 years
ago (33).

The emergence of Lyme disease in the United States in the last several
decades is thought to have occurred primarily because of ecological conditions
favorable for deer (22, 34). As farmland in the northeast reverted to woodland,
the habitat for deer improved: their natural predators were gone, the number of
deer increased dramatically, they migrated to new areas, and federal programs
protected them. With the advent of the automobile and superhighways, rural and
suburban areas, where deer now lived, became populated with large numbers of
susceptible suburbanites who had never been exposed to the spirochete. Lyme
disease and the deer tick do not occur in all areas where deer are found. Other
factors such as temperature, vegetation, and rodent populations must also play an
important role in the ecology of this disease.

EPIDEMIOLOGY OF LYME DISEASE

Lyme disease is now the most common vector-borne infection in the United
States (35). The infection is usually acquired when nymphal ticks feed between
May and July, but adult ticks occasionally transmit the

10,000
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2

2,000

1982 1983 1954 1985 1986 1987 1965 1989 1990 1991 1992

FIGURE 2 Cases of Lyme disease reported to the Centers for Disease Control
from 1982 through 1992 (data from ref. 36).
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disease when they feed in autumn. People of all ages and both sexes are affected.
From 1982 through 1991, 40,195 cases occurring in 47 states were reported to the
Centers for Disease Control (Figure 2) (35). In 1992, 45 states reported a
provisional total of 9677 cases, a 19-fold increase over the number of cases
reported in 1982. However, enzootic cycles of B. burgdorferi have been identified
in only 19 states, and 94% of the cases reported in the last 2 years have come from
these states (35). Three distinct areas are most affected: the northeast from
Massachusetts to Maryland, the upper midwest in Wisconsin and Minnesota, and
the west in northern California and Oregon (3, 35). As would be anticipated from
the infection rate in ticks, the frequency of the disease is much greater in the
northeast and midwest than in the west. The infection also occurs in most
European countries, particularly in northern parts of the continent, including
Germany, Austria, and Sweden (36). In the former Soviet Union, a central area is
affected from the Baltic Sea to the Pacific Ocean (24). Cases have also been
reported in China (37), Japan (38), and Australia (39).

During the last several decades, Lyme disease has spread and has caused
focal epidemics, particularly in the northeastern United States. In 1980, in
Ipswich, Massachusetts, a community close to Boston, I. dammini became
established in a nature preserve that had many deer (40). During the next 7 years,
clinical symptoms of Lyme disease developed in 35% of the 190 residents of the
area adjacent to the preserve. In other outbreaks, 16% of the 162 permanent
residents of Great Island, Massachusetts, had the illness, in most instances
between 1972 and 1979 (41); and 7.5% of the 200 people who participated in a
study on Fire Island, New York, had the disorder during a 5-year period (42).
Between 1985 and 1989, the number of counties in New York State with
documented I. dammini ticks increased from 4 to 22, and the number of counties
endemic for Lyme disease increased from 4 to 8 (43). In addition to the eastern
end of Long Island, Westchester County, a heavily populated area close to New
York City, became a hyperendemic site of the disease. In recent years, suburban
communities in Morris and Monmouth Counties in New Jersey, which are also
close to New York City, have become heavily affected (44), and suburban areas
near Philadelphia are now endemic for the disease. I. dammini continues to
invade new areas, and the ultimate limit of this spread is not known.

The fear of Lyme disease in these suburban communities has become
marked (45). Residents in these areas regularly see deer in their yards. Protective
measures, such as long clothing, sprays, and tick checks, are difficult to keep up
throughout the summer. Because of the small size of nymphal 1. dammini, tick
bites often go unnoticed.
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TABLE 1 Stages of Lyme disease

Early infection

Stage 1 (localized infection)
Erythema migrans

Stage 2 (disseminated)

Skin

Musculoskeletal

Nervous system
Lymphadenopathy

Heart

Eyes

Liver

Respiratory

Genitourinary

Late infection

Stage 3 (persistent infection)
Chronic arthritis

Late neurologic involvement
Acrodermatitis

CLINICAL PICTURE

Lyme disease or Lyme borreliosis is most like syphilis in its multisystem
involvement, occurrence in stages, and mimicry of other diseases (15). Early
infection (stage 1) consists of localized erythema migrans (Table 1). Within days
to weeks (stage 2), the spirochete often disseminates to multiple sites, manifested
most commonly by secondary annular skin lesions (18), meningitis, facial palsy,
radiculoneuritis (46), atrioventricular nodal block (47), or migratory pain in
joints, tendons, bursae, muscle, or bone (19). Even in untreated patients, these
early manifestations usually resolve or improve within weeks or months. Late or
persistent infection (stage 3) usually begins months to years later and typically
consists of intermittent or chronic arthritis (19), chronic neurologic involvement
(48-51), or acrodermatitis chronica atrophicans (52).

Late neurologic abnormalities of Lyme disease are still being defined, and
diagnosis of this manifestation of the disorder has created the most difficulty.
From months to years after disease onset, sometimes following long periods of
latent infection, patients may develop a subtle encephalopathy, primarily
manifested as memory deficit, irritability, or somnolence (49).
Neuropsychological tests of memory are often abnormal, and, in some cases,
white matter lesions are found on magnetic resonance imaging scans of the brain.
Cerebrospinal fluid may show elevated total protein, intrathecal antibody
production to B. burgdorferi (53), or a positive PCR test result for borrelial DNA
sequences (54, 55).
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Most patients with subacute encephalopathy also have an axonal polyneuropathy
manifested by spinal radicular pain or by numbness and tingling in the hands or
feet (50, 51). Electromyography generally shows extensive abnormalities of
proximal and distal nerve segments (51). Leukoencephalitis, a rare manifestation
of Lyme disease, is a severe neurologic picture that may include spastic
paraparesis, upper motor neuron bladder dysfunction, and lesions in the
periventricular white matter (16, 49). These patients have been distinguished from
those with multiple sclerosis on the basis of selective concentration of antibody to
B. burgdorferi in cerebrospinal fluid. Since patients with late neurologic
abnormalities of Lyme disease usually respond to antibiotic therapy, active
spirochetal infection is thought to be important in the pathogenesis of these
syndromes.

CHRONIC FATIGUE OR FIBROMYALGIA FOLLOWING
LYME DISEASE

Chronic fatigue syndrome or fibromyalgia, which may be variants of the
same disorder, share certain symptoms with the encephalopathy or
polyneuropathy of Lyme disease. The distinction among these entities has been
further confused by the fact that a small percentage of patients have developed
chronic fatigue or fibromyalgia in association with or soon after Lyme disease
(56), suggesting that B. burgdorferi is one of the infectious agents or stressful
events that may trigger these syndromes. Compared with Lyme disease, chronic
fatigue syndrome or fibromyalgia tends to produce more generalized and
disabling symptoms. They include marked fatigue, severe headache, diffuse
musculoskeletal pain, multiple symmetric tender points in characteristic
locations, pain and stiffness in many joints, diffuse dysesthesias, difficulty with
concentration, or sleep disturbance. These patients lack evidence of joint
inflammation; they have normal neurologic test results; and they usually have a
greater degree of anxiety and depression (57). In the author's experience, the
symptoms of fibromyalgia, even when triggered by infection with B. burgdorferi,
continue to wax and wane for years, despite treatment with antibiotic therapy.
Therefore, chronic fatigue syndrome or fibromyalgia associated with Lyme
disease would not appear to require the presence of a live spirochete for continued
symptoms of the illness.

MISDIAGNOSIS OF CHRONIC LYME DISEASE

A recent phenomenon is that a number of poorly understood conditions, such
as fibromyalgia or chronic fatigue syndrome, are misdiagnosed as "chronic Lyme
disease." Of the 788 patients seen in the
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author's Lyme disease clinic during a 4.5-year period, 180 (23%) had active
Lyme disease, usually arthritis, encephalopathy, or polyneuropathy (58). One
hundred and fifty-six patients (20%) had previous Lyme disease and another
current illness, most commonly chronic fatigue or fibromyalgia; and in 49
patients, these symptoms began soon after objective manifestations of Lyme
disease. The remaining 452 patients (57%) did not have Lyme disease. The
majority of these patients also had the chronic fatigue syndrome or fibromyalgia;
the others usually had rheumatic or neurologic diseases. Prior to referral, 409 of
the 788 patients had been treated with antibiotic therapy. In 322 of these patients
(79%), the reason for lack of response was incorrect diagnosis. Thus, only a
minority of the patients referred to the clinic met diagnostic criteria for Lyme
disease, and the most common reason for lack of response to antibiotic therapy
was misdiagnosis.

DIAGNOSTIC TESTS

Part of the reason for misdiagnosis is due to problems associated with
diagnostic tests. In most instances, culture has yielded positive results only from
biopsy samples of erythema migrans skin lesions (59, 60). Therefore, serologic
testing is currently the only practical laboratory aid in diagnosis. Serologic testing
for Lyme disease can be done with a high degree of sensitivity and specificity,
and after the first weeks of infection, almost all patients have an elevated
antibody response to B. burgdorferi (61). However, B. burgdorferi contains a
number of cross-reactive antigens, the test is insensitive early in the infection, and
test procedures are not standardized. For these reasons, false-negative and, more
commonly, false-positive results have been a considerable problem (62, 63). In
the author's laboratory, antibody determinations are performed by ELISA, using
sonicated whole spirochetal lysates as the antigen preparation (61). The results
are divided into three groups: negative, indeterminate, or positive (Table 2). In
patients with indeterminate responses by ELISA, Western blotting is done to
determine whether the response is positive or negative. In the future, serologic
tests that employ several recombinant antigens will probably replace the current
antigen preparations, which use whole cell lysates.

Regardless of the antigen preparation, serologic tests do not distinguish
active from inactive infection. Patients who have had late manifestations of Lyme
disease usually remain seropositive for years after treatment. If these patients
develop other illnesses, particularly those with joint or neurologic symptoms, the
positive test for Lyme disease may cause diagnostic confusion. It has been hoped
that the PCR might have a role in the diagnosis of active Lyme disease
equivalent to culture
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in common bacterial infections. In a recent study, B. burgdorferi DNA was
detected in the joint fluid of 75 of 88 patients with Lyme arthritis (85%) and in
none of 64 control patients (83). Borrelial DNA sequences have also been
detected in blood, cerebrospinal fluid, urine, or skin of patients with Lyme
disease (54, 55, 64, 65), but the value of PCR as a reliable diagnostic test is still
being researched.

TABLE 2 Criteria for positive serologic tests for Lyme disease*

ELISA
SD above Aborbance value  Units Western blot
mean of
normal
subjects
IeM
Negative <5 <0.17 <100
Indeterminate ~ 5-15 0.17-0.4 100200
Positive >15 >0.4 >200 Any 2 of 8
bands at 18, 21,
28, 37,41, 45,
58, and 93 kDa
IeG
Negative <2 <0.1 <200
Indeterminate ~ 2-8 0.1-0.26 200—400
Positive >8 >0.26 >400 Any 5 of 10
bands at 18, 21,
28, 30, 39, 41,
45, 58, 66, and
93 kDa
“Ref. 61.

TREATMENT

The various manifestations of Lyme disease can usually be treated
successfully with oral antibiotic therapy, except for objective neurologic
abnormalities, which seem to require intravenous therapy (15, 66). For early
Lyme disease, doxycycline, 100 mg twice a day, or amoxicillin, 500 mg four
times a day, is effective therapy (67, 68). For patients with infection localized to
the skin, 10 days of therapy is generally sufficient, but for patients with
disseminated infection, longer courses of 20-30 days are usually needed. For
objective neurologic abnormalities, with the possible exception of facial palsy
alone, intravenous ceftriaxone, 2 g/day, is most commonly used (49, 69, 70), but
intravenous cefotaxime, 2 g three times a day (70), or intravenous sodium
penicillin G, 5 million units four times a day, may also be effective (71).
Treatment failures have occurred with any of these regimens, and the course of
antibiotic therapy may need to be repeated.
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PREVENTION

Most vector-borne diseases are prevented through vector control, but this
has proved difficult with tick-borne diseases. In one study, eradication of deer on a
small island greatly reduced the number of deer ticks during a 5-year period (26).
Aerial application of carbaryl during the fall has been reported to be successful at
reducing the number of ticks through the following spring (72). Habitat
destruction by burning has long been considered an effective alternative to
synthetic insecticides as a means of reducing tick populations (73). Another
method involves the distribution of permethrin-treated cotton balls, intended as
rodent nesting material, around individual residences during the summer and fall
(74, 75). However, with each of these methods, fear of environmental
consequences or lack of efficacy has limited their use.

Consequently, reduction of the risk of Lyme disease has been limited
primarily to personal protection measures. The risk of tick bites can be reduced
by wearing long clothing and by checking for ticks after exposure in wooded
areas. Insecticides containing N,N-diethylmetatoluamide (DEET) or permethrin
effectively deter ticks (76), but permethrin can only be applied on clothing, and
DEET may cause serious side effects when excessive amounts are applied
directly to the skin (77). Should patients with tick bites receive prophylactic
antibiotic therapy? In one recent study, the risk of acquiring Lyme disease from a
recognized tick bite was only 1.2%, perhaps because 24-48 hours of tick
attachment is often required for transmission of the spirochete (78). Although
amoxicillin or doxycycline therapy for 10 days will probably prevent the
occurrence of Lyme disease in these patients, many patients must be treated to
prevent one case. Thus, personal protection measures may help the city dweller
who takes a long walk in the woods, but such measures are of limited benefit in
areas where people have constant exposure to large numbers of ticks.

It is hoped that a vaccine can be developed for Lyme disease to provide
protection in high-risk areas. Although reinfection may occur in patients treated
early in the course of the illness, those with an expanded antibody response to the
spirochete appear to have protective immunity. In an animal model of Lyme
disease, mice vaccinated with recombinant outer-surface protein A (OspA) have
been shown to be protected from infection with B. burgdorferi, both by
antibody-mediated killing of the spirochete within the host and by destruction of
the organism within the tick prior to disease transmission (79, 80). Trials are now
under way to determine the efficacy and safety of OspA immunization in human
subjects.
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SUMMARY

Lyme disease or Lyme borreliosis, which is caused by three groups of the
spirochete Borrelia burgdorferi, is transmitted in North America, Europe, and
Asia by ticks of the Ixodes ricinus complex. The primary areas around the world
that are now affected by Lyme disease are near the terminal moraine of the
glaciers 15,000 years ago. The emergence of Lyme disease in the United States in
this century is thought to have occurred because of ecological conditions
favorable for deer. From 1982 through 1991, 40,195 cases occurring in 47 states
were reported to the Centers for Disease Control, but enzootic cycles of B.
burgdorferi have been identified in only 19 states. During the last several
decades, the disease has spread to new areas and has caused focal outbreaks,
including locations near Boston, New York, and Philadelphia. Lyme disease is
like syphilis in its multisystem involvement, occurrence in stages, and mimicry of
other diseases. Diagnosis of late neurologic abnormalities of the disorder has
created the most difficulty. A recent phenomenon is that a number of poorly
understood conditions, such as chronic fatigue syndrome or fibromyalgia, are
misdiagnosed as "chronic Lyme disease." Part of the reason for misdiagnosis is
due to problems associated with diagnostic tests. The various manifestations of
Lyme disease can usually be treated successfully with oral doxycycline or
amoxicillin, except for objective neurologic manifestations, which seem to
require intravenous therapy. Vector control of tick-borne diseases has been
difficult and, therefore, reduction of the risk of infection has been limited
primarily to personal protection measures.

This work was supported in part by Grant AR-20358 from the National
Institutes of Health.
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Working Parents: The Impact of Day Care
and Breast-Feeding on Cytomegalovirus
Infections in Offspring

SERGIO STAGNO AND GRETCHEN A. CLOUD

Human cytomegalovirus (CMV) is of medical importance because it is the
leading cause of congenital infection in most parts of the world and because it can
cause significant disease in immunocompromised patients. CMV is highly
species specific, and humans are believed to be its only reservoir (1).

THE PROBLEM

Seroepidemiologic surveys have found CMYV infection in every population
that has been tested (2). Transmission occurs by direct or indirect person-to-
person contact. Known sources of the virus include urine, oropharyngeal
secretions, cervical and vaginal secretions, semen, milk, tears, and blood (3).
CMYV is not very contagious, and the spread of infection requires close or
intimate contact with infected secretions. Infected children excrete virus for much
longer periods of time (months to years) and in larger quantities than adults.
Under special circumstances fomites may also play a role, since CMV has been
shown to retain infectivity for hours on plastic surfaces and has been isolated from
randomly selected toys and surfaces in day-care centers (4, 5). Restriction
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biostatistician and research instructor in the Department of Microbiology and Biostatistics
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enzyme analyses of CMV DNA have been used to demonstrate route of
transmission of the virus in situations in which close contact occurs, such as
breast-feeding, sexual activity, day care, and interaction between parents or
caretakers and infected toddlers.
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FIGURE 1 Age-related prevalence of antibody to CMV in various populations.
[Reproduced with permission from ref. 6 (copyright 1981, C. A. Alford).]

The prevalence of CMV infection increases with age, but, according to
geographic, ethnic, and socioeconomic backgrounds, the patterns of acquisition
of this infection vary widely among populations (6). As illustrated in Figure 1,
CMYV is acquired earlier in life in developing countries and among the lower
socioeconomic strata of developed countries. Differences between populations
can be particularly striking during childhood. Presumably, these significant
differences are the reflection of factors that account for increased exposure to
CMYV such as crowding, breast-feeding, sexual practices, and certain rearing
practices.

Studies carried out in the past 15 years indicate that breast-feeding and
child-rearing practices singly or in combination are two of the most powerful
factors influencing the rate of acquisition of CMV in the various populations (7,
8). Breast-feeding is the major factor during the first year of life with CMV
excretion rates of >50% observed in countries where the majority of women are
seropositive and breast-feed their infants. The rapid increase in the rate of
infection that generally takes place after the first year of life is the result of close
contact and exposure to children who acquired CMV infection from a maternal
source (i.e., in utero, from exposure to genital secretions at birth, or from breast
milk). In our view, the profound alterations that have occurred in breast-feeding

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

nfectious Diseases in an Age of Change: The Impact of Human Ecology and Behavior on Disease Transmission
Nitp ANMAN NAD -lmmml m|
ORKING PARENTS: THE IMPACT OF DAY CARE AND BREAST-FEEDING 17

ONCYTOMEGALOVIRUS INFECTIONS IN OFFSPRING

and child-rearing practices during the past several decades are largely responsible
for the current regional differences in seroprevalence and will continue to exert a
powerful effect in CMV-related morbidity in those areas where these practices
undergo significant changes. Because of the public health importance of breast-
feeding and child-rearing practices in the epidemiology of CMV this article will
focus on their roles and the implications for the future. The data presented here
cannot be extrapolated to all continents, or even across national boundaries. The
situation we are reviewing applies principally to the United States and to a lesser
extent to Canada and parts of Western Europe. However, it is likely that in many
other countries a similar situation already exists or is likely to develop if these
modifications take place. More studies are needed to better define the
epidemiology of CMV on an international scale.

ROLE OF BREAST-FEEDING

Diosi et al. (9) were the first to report the isolation of CMV from human
milk. The virus was found in 1 of 49 milk specimens collected from parturient
women. Hayes et al. (10) subsequently reported the isolation of CMV from 14
milk specimens (27%) collected from 63 seropositive women. In addition, they
found that virolactia was more common in samples collected >1 wk postpartum
(50%) than in those collected during the Ist week (11%). Studies in our
laboratory provided compelling evidence that CMV is indeed transmitted from
mother to baby through breast milk and that the ensuing infection is almost
always without clinical consequence (8, 11). Among seropositive women sampled
serially, milk was the most common site for recovery of CMV, with 13 of 41
women (32%) having at least one positive sample. It is noteworthy that women
excreting CMV from other sites and mothers of congenitally infected infants were
more likely to have virolactia. The rate of CMV excretion changed during the
course of lactation, with only 2 of 40 women (5%) shedding CMV in colostrum
while 13 of 31 (42%) had positive milk specimens when sampled between 2 and
12 wk postpartum. As illustrated in Table 1, the acquisition of CMV by the
infants of these seropositive women was significantly related to the duration of
breast-feeding and the presence of detectable virus in the breast milk. In sharp
contrast, no bottle-fed babies or infants born to women who shed CMV only in
saliva or urine become infected. From this study, we can conclude that nearly 40%
of all infants nursed for a month or longer by seropositive mothers acquire CMV
postnatally (12) (Table 1). Since in most populations of the world the prevalence
of CMV infection among women of childbearing age is very high (80-98%) and
most women
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breast-feed their infants for a period of 2—6 months, transmission through breast
milk is certainly quite prevalent and accounts for the majority of infants infected
in early life. A few years ago we reported that, of a cohort of 154 predominantly
Black infants of low socioeconomic background who were prospectively
followed for a 2-yr period to establish the rate of postnatal CMV infection, only
8% had acquired the infection by age 6 mo (8). The rate of seropositivity among
mothers was 85%, yet only 8% of the infants had been breast-fed. As illustrated
in Table 2, this is one of the lowest rates of perinatal transmission ever reported
(13). What makes it more remarkable is that this rate is far

TABLE 1 Breast-feeding and infant CMV infection from prospectively studied
mother—infant pairs

Maternal status No. No. of infants infected (%) P value
Seronegative 17 0 0.006
Seropositive 41 12 (30)

Breast-fed <1 mo 10 0 0.015
Breast-fed 21 mo 31 12 (39)

CMV excreted in milk 13 9 (69) 0.0007
CMV not excreted in milk 28 3(10)

Data are from ref. 11.

TABLE 2 Breast-feeding patterns and prevalence of CMV infection in young children
from various nations

Breast- % seropositive
feeding rate

Nation Ever At3mo  Mothers Children (age)

Solomon Islands 100 97 100 100 (5 mo to 4
y1)

India (Vellore) 96 64 98 80 (1 yr)

India (Pondicherry) 97 67 (1-5 yr)

Barbados 96 ? 77 62 (1-5 yr)

Guatemala 95 ? 98 47 (6 moto 1
yr)

Chile 89 ? 92 42 (1-2 yr)

Japan (Sapporo) ? 56 67 42 (6 moto?2
yr)

Japan (Sendai) 85 38 (1 yr)

Finland (Helsinki) 95 50 55 28 (1 yr)

USA (Houston) 46 ? 48 15 (1 yr)

USA (Birmingham) 8 ? 85 8 (1yr)

France (Paris) 85 ? 56 10 (10 mo)

Canada (Nova 49 26 34 12 (6—12 mo)

Scotia)

UK (Manchester) 51 13 59 12 (3-11 mo)

Data are from ref. 13.
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below the rates seen in other populations in which the seroprevalence of CMV
among mothers is much lower.
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FIGURE 2 Feeding practices in the United States of newborns and infants 5-6
mo old from 1900 to 1980. Solid line, breast feeding; dotted line, combined
feeding of formulas prepared from evaporated milk or whole cow's milk; dashed
line, commercially prepared formulas. [Reproduced by permission of Pediatrics,
Vol. 60, p. 654, copyright 1982 (12).]

The popularity of breast-feeding in the industrialized world and particularly
in the United States has changed dramatically during this century in terms of both
frequency and duration (12). Trends in infant feeding practices within the United
States since 1900 are shown in Figure 2. Breast-feeding within the hospital setting
reached a nadir in 1970, when fewer than one in five mothers elected to breast-
feed. Exclusive breast-feeding was reported by 19% of White and 9% of Black
mothers. Abandonment of breast-feeding in the earlier part of this century started
first within the upper socioeconomic levels and spread downward on the
socioeconomic scale. After 1970, the resurgence of breast-feeding began at the
upper socioeconomic levels, and it is spreading along the various strata in much
the same manner as the abandonment of breast-feeding occurred.

In 1980 the National Center for Health Statistics reported a significantly
higher percentage of both Black and White women exclusively breast-feeding
their infants than in 1969 (14). For Whites, the percentage had increased to 51%,
while for Black women it had increased only to
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25%. The differences by race persist when education and parity are controlled. It
is interesting to note that among White women a significantly higher percentage
of breast-feeding was observed with increasing maternal education in 1969 as
well as in 1980. In sharp contrast, among Black women with newborns in 1969
the rate of breast-feeding was significantly lower among those with a higher level
of education. However, in 1980, a relationship similar to that observed in Whites
appeared.

Itis our belief that these changes in the popularity of breast-feeding have had a
major effect on the epidemiology of CMV. The much lower prevalence of CMV
infection that we and others have documented in the United States among women
of the upper middle class when compared to women of low socioeconomic
background living in the same geographic area is to some extent the result of this
phenomenon. As fewer White, largely upper and middle class seropositve women
elected to breast-feed their infants in the first half of this century, the perinatal
transmission of CMV declined progressively. As the low socioeconomic sector
followed in this trend a similar drop in perinatal transmission is now evident in
this group.

IMPORTANCE OF DAY-CARE CENTERS

With the changing composition of the American family, many children live
in single parent families in which the mother is the primary source of economic
support (15). It is estimated that nearly 60% of the women with children 5 yr of
age and under are employed. The National Center for Health Statistics reported
that in 1988 two-thirds of children in the United States 5 yr of age and under (68%
or 13.3 million) had been in child-care arrangements at some point in their lives
(15). Two-thirds of them were cared for in a nursery, preschool, or day-care
center. Twenty-four percent of children in formal child-care arrangements were
cared for in groups of seven or more children. The number of family day-care or
group home and day-care centers increased dramatically between 1977 and 1985
(15). The report from the Center for Health Statistics demonstrates that receipt of
child care is strongly associated with socioeconomic status. Women of low
socioeconomic strata are significantly less likely to use a child-care arrangement.

In 1971, Weller suggested that the high rate of seropositivity among Swedish
children was probably due to the frequent use of day-care centers (1). Swedish
children had a rate of infection that was 3—4 times higher than that observed in
London or Rochester, New York. Similar high rates of CMV infection in young
children were noted in the Solomon Islands and Israeli kibbutzim, where high
hygienic standards
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were maintained (16, 17). As illustrated in Table 3, high rates of CMV infection
among children attending day-care centers were later confirmed in Sweden and
have been reported in several studies in the United States (7, 18-26). The studies,
which included a control group of children, confirmed that the rate of CMV
infection was substantially higher among those in day care than in those who
stayed at home (20, 21). The highest rates have been found consistently in
children between 1 and 3 yr old. In the study of Pass et al. (7), in a group of 70
children of middle- to upper-income background whose ages ranged from 3 to 65
mo, the rate of CMV excretion in urine and saliva was 51%. The lowest rate of
excretion (9%) occurred in infants <1 yr old, and the highest rate (88%) was
among toddlers in their second year of life. Infants younger than 12 mo in group
day care who excrete CMV are more likely to have acquired CMV congenitally
or perinatally from maternal cervical secretions or breast milk. Twelve children
whose mothers were seronegative excreted CMV, which indicated that their
infection was not perinatally acquired. The findings of Pass et al. have been
subsequently confirmed by Adler (18, 20, 23) and by Murph e? al. (24). There is
consensus that CMV infection acquired by young children is generally
asymptomatic. No specific syndrome has been temporarily associated with CMV
infection acquired in day-care centers. The high rates of infection combined with
the large quantities of infectious virus excreted by these children create a
potential for exposure that is difficult to encounter under any other
circumstances.

TABLE 3 Prevalence of CMV excretion among children in day-care centers

Investigator Year Location % infected
Strangert 1976 Stockholm 35 (7/20)
Strom 1979 Stockholm 72 (13/18)
Pass 1982 Birmingham, AL 51 (36/70)
Adler 1985 Richmond, VA 24 (16/66)
Hutto 1985 Birmingham, AL 41 (77/188)
MMWR 1985 Birmingham, AL 29 (66/231)
Jones 1985 San Francisco, CA 22 (31/140)
Murph 1986 Towa City, IA 22 (9/41)
Adler 1987 Richmond, VA 53 (55/104)

MMWR, Morbidity and Mortality Weekly Report. Data are from ref. 18.

There is now compelling evidence that the high rate of CMV infection
among children in group day care is caused by horizontal transmission from child
to child. The route of transmission that appears most likely is the transfer of virus
that occurs through saliva on hands and toys. The
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survival of CMV on fomites such as toys, diapers, and hands of day-care
personnel also suggests a role for environmental contamination (4, 5, 27). No data
have indicated CMV transmission via respiratory droplets.

The strongest evidence supporting child-to-child transmission was obtained
by analysis of the restriction enzyme digestion patterns of CMV DNA of the
isolates obtained from infected children attending day care. Adler (20) examined
the restriction endonuclease patterns of isolates obtained from 16 children at a
single day-care center. Four children older than 28 mo who shared a common
room were shedding a common strain. A second strain was shed by seven
children younger than 28 mo who had little contact with the older group but
played with one another daily. Only five of the infected children were shedding
unique strains. In a subsequent study, Adler (28) identified by endonuclease
analysis 14 different strains of CMV among 104 children in a single day-care
center who were monitored at 4-mo intervals for >26 mo. Three of these 14
strains infected 44 children, all of whom were <3 yr old. Of 75 initially
seronegative children, 34 acquired day-care-associated strains, whereas 4 were
infected with unique isolates. These findings have been confirmed in subsequent
studies (24-26, 28, 29). These findings demonstrate that CMV is very efficiently
transmitted from child to child in the day-care setting and that it is not unusual to
find excretion rates as high as 20-80% in young toddlers. In many instances these
rates of infection are substantially higher than the seroprevalence rates for the
parents of the children and young adults in the cities where the studies were
done.

COMBINED EFFECT OF BREAST-FEEDING AND DAY-CARE
CENTERS

In the low socioeconomic population, the combined effects of a low rate of
breast feeding and low utilization of child-care arrangements may result in a
lowering of the prevalence of CMV. Over the past 20 years, as part of an ongoing
study of the natural history of maternal CMV infection, we have surveyed the
seroprevalence of CMV infection among nearly 6000 pregnant women attending a
single prenatal public health clinic in the city of Birmingham, Alabama. All these
women were enrolled at the time of the first prenatal visit. All deliveries took
place at University Hospital. As illustrated in Figure 3A, in the past 2 decades the
seroprevalence of CMV infection among these predominantly Black women of
low socioeconomic background has significantly declined across all ages. The
lower curve represents the last 6 yr of involvement (1986-1992), while the upper
curve reflects the rate of seropositivity during the first 6 yr of involvement
(1971-1977). It is particularly striking that in the 15- to 24-yr-old group, the rate
of seropositivity has dropped
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nearly 10 percentage points. Since 1980 we have been screening this population
for congenital CMV infection with a sensitive tissue culture method. As
illustrated in Table 4 the rate of congenital infection has remained constant during
the past 12 years. However, we have noticed an increase in the rate of
symptomatic congenital infection from 4.3% to 10.2% (P = 0.09). This
provocative observation may well be the result of more primary, as opposed to
recurrent, infections experienced by young seronegative mothers in this
socioeconomic group.

00 A
m-‘h\v/—"”‘_-/L\—‘

. e o
L S R

— WTENTT
Qe==sad WELPreasn

Seropositivity
3

“ -
= Erwolimant Factors  Comparison (by ANCW)
Period P=0. 0001
Age Groupa Pe0,0001
40
30

<15 1698 1921 22-24 2627 2880 30
Age at Delivery (Years)

704 B
Ervolment Faclomn Comparison [by AMDWA)
[ Paros el 0001
Age Growps
=
=
2
(=1
g
® )
M feeeees WTB-E2 Mol 2T1
40 = HEB-Presant MeDET4
w 1 1 T L ] L
<lf 16-18 w21 2224 2527 20-30 >30
Age at Delivery (Years)

FIGURE 3 (A) Rate of seropositivity to CMV of two enrollment periods for
women of low socioeconomic extraction. (B) Rate of seropositivity to CMV of
two enrollment periods for middle and upper-middle income women.
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TABLE 4 Congenital CMV infection in low socioeconomic population

Congenital infection Symptomatic
Interval Total newborn Total Yo Total %0
1980-1983 6,128 70 1.14 3 4.3
1984-1987 5,845 83 1.42 7 8.4
1988-1992 12,393 166 1.34 17 10.2

2 test for trend of percentage of symptomatic infection (P = 0.09).

With the dramatic resurgence of breast-feeding in the middle and upper
middle classes and a greater utilization of child-care arrangements, we anticipated
the opposite phenomenon. As part of our ongoing studies of CMV in pregnant
women since 1978, we have enrolled nearly 24,000 women of upper
socioeconomic background from a single private obstetrical practice in
Birmingham, Alabama. All women were enrolled and tested for CMV antibodies
at the time of the first prenatal visit. All deliveries took place at a single private
hospital. As predicted, the seroprevalence of CMV infection in women of middle
and upper middle class has significantly increased, particularly in the 15- to 18-
yr-old group (Figure 3B).

RISK TO CARE GIVERS

Several lines of evidence indicate that children excreting CMV often
become the source of infection for serosusceptible parents and child-care
personnel, particularly women of childbearing age. Using restriction
endonuclease analysis, Spector and Spector (30) and Dworsky et al. (31)
demonstrated transmission of CMV from infants with perinatal infections to a
parent or other adult family members. Yeager (32) reported in 1983 that 7 (47%)
of 15 seronegative mothers of infants who had acquired CMV in a nursery
seroconverted within 1 yr. The same year, Dworsky et al. (33) reported that the
rate of seroconversion for women with at least one child living at home was
5.5%, significantly higher than the 2.3% rate for women from the same clinic
who were pregnant for the first time or the rates of susceptible nursery nurses and
for physicians in training. Taber et al. (34) monitored the acquisition of CMV in
68 Houston families observed for a mean of 3.5 yr per family. The study showed a
significant association between seroconversion among children and
seroconversion among susceptible parents. Pass et al. (26, 35, 36) and Adler (23,
28, 37) have presented more compelling evidence linking the acquisition of CMV
by children in day care with subsequent infection in their mothers and care
givers. Pass et al. (35) did a
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longitudinal serologic follow-up study of seronegative parents whose children
attended a day-care center and of seronegative parents whose children did not
attend day care. The groups were followed for a mean of 17 and 21 mo,
respectively. The study revealed that 14 of 67 seronegative parents with children
in day-care centers acquired CMV, compared with 0 of 31 serosusceptible
parents whose children did not attend day care. More significant, all 14 parents of
the day-care group who seroconverted had a child who was shedding CMV in
saliva or urine. In fact, seroconversion occurred in 14—48 parents of children who
shed CMV, compared with 0 of 21 whose children did not excrete CMV. The
highest risk of seroconversion (45%) was for parents with a child shedding CMV
who was 18 mo old or younger at enrollment. In 2 of the 14 cases, DNA analysis
indicated the child as the source of CMV infection. In a subsequent study, this
group of investigators also demonstrated by means of restriction enzyme analysis
that infections acquired by a mother from a child can be transmitted to her fetus
(26). In a very similar study, Adler (23) observed that of 18 seronegative mothers
whose children shed CMYV strains associated with day care, 6 seroconverted and
excreted CMV strains identical to the strains shed by their children. On an
average these mothers acquired the infection within 4.2 mo (range, 3—7 mo) after
their children became infected.

In assessing the risk to day-care workers Adler (37) and Pass (38) have
recently reported annual seroconversion rates of 11% and 20% among
seronegative day-care workers. The risk could be different in smaller centers or in
day-care homes where supervision and infection control measures are not well
enforced. These rates are significantly higher than the 2-2.5% expected incidence
from studies of large numbers of pregnant women or hospital workers of similar
socioeconomic background (38). The risk of infection appears to be significantly
higher among those caring for children who are <3 yr old. Results of restriction
endonuclease analyses of CMV DNA from strains recovered from children
attending day-care centers, from their parents, and from day-care workers provide
compelling evidence that children transmit CMV to their care givers. Using this
methodology, Adler (23) analyzed strains recovered from children, parents, and
care givers at a single day-care center. He found that nine mothers, four fathers,
and two child-care workers excreted strains of CMV that were identical to those
excreted by children at the center. The same investigator in a more extensive
study found that seven care givers from three different centers excreted CMV
strains that by restriction enzyme analyses were identical to the strains isolated
from one or more of the children they cared for.

From the data generated by these studies it is reasonable to expect that “50%
of susceptible children between the ages of 1 and 3 yr who
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attend group day care will acquire CMV from their playmates and become an
important potential source of infection for susceptible parents and care givers. Of
particular concern is the risk to seronegative mothers who have children in group
day care and who become pregnant. As part of our ongoing investigations of
CMY infection in pregnancy, we have prospectively studied >2200 seronegative
women from a high socioeconomic group during more than one pregnancy and
have been able to establish the risk of seroconversion in successive pregnancies.
In general, as illustrated in Table 5, the annualized rate of seroconversion
increases with time from 2.0% for the first studied pregnancy to 4.6% during the
fourth studied pregnancy. These observations combined with the results of the
studies in day care underline the fact that susceptible pregnant women may
acquire CMV infection introduced into the household by their young children.
Given these figures and the data presented in the preceding paragraphs, it is
obvious that the increased utilization of day-care centers is having a significant
effect on the epidemiology of CMV.

TABLE 5 Rate of seroconversion during first and subsequent pregnancies in women
of middle to upper socioeconomic background

Order of studied Mean age, yr  Seroconversions/no. Annualized rate*
pregnancy seronegatives

Pregnancy 11 25.4 97/8194 (1.2%) 2.0%

Between 1 and 2 260/2236 (11.6%) 4.5%

Pregnancy 2 28.0 29/1597 (1.8%) 3.1%

Between 2 and 3 64/485 (13.2%) 6.3%

Pregnancy 3 29.3 5/352 (1.4%) 2.4%

Between 3 and 4 8/97 (8.3%) 5.2%

Pregnancy 4 30.0 2/73 (2.7%) 4.6%

* Based on an average gestational age of 2 mo at enrollment.
T Does not equate with primigravida.

CONCLUSIONS

In the United States between one-half and one-third of all women of
childbearing age are susceptible to CMV infection. The rate of seronegativity is
higher for middle to upper-middle class women than for women of low
socioeconomic extraction. However, these differences appear to be narrowing and
may reverse themselves if the current trends in breast-feeding practices and
utilization of day-care centers continue. If 20-50% of all mothers elect to breast-
feed their newborn infants, and considering that those who are seropositive
transmit CMV
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to their infants through breast milk at a rate of 40%, then somewhere between 10%
and 15% of all infants can be expected to start shedding CMV before the age of 6
mo. In addition, the pool of infected infants must be expanded to include the
estimated 0.5-2.0% of infants born with congenital infection and 2—4% of infants
who acquire natal CMV infection from exposure to maternal genital tract
secretion at delivery. Since a characteristic of CMV infections acquired in utero
and early infancy is chronic viral shedding of large quantities of virus, grouping
children for care will inevitably lead to horizontal spread to other children,
parents, and other adults who have daily close contact with children. From the
studies reviewed here, it is reasonable to anticipate that between one-half and
two-thirds of all children who attend day care will become infected within 2 yr of
enrollment and that these children will also shed CMV from urine and saliva for
extended periods of time. The data also indicate that 30-50% of the parents of
these children and those who care for them are susceptible to CMV and the
evidence is persuasive that they are at increased risk for infection. In day-care
centers of moderate size, the risk of transmission to parents is 15-30% and the
risk to workers is 10-20% per yr. Because many mothers become pregnant while a
previous child is still in day care, those that are susceptible to CMV are at a
significant risk of acquiring CMV. When primary infection occurs during
pregnancy, the risk of in utero transmission is “40% (6). Prospective studies have
demonstrated that between 10% and 20% of congenitally infected infants whose
mothers acquired a primary CMV infection during pregnancy develop sequelae
(39). Fortunately, the risk of adverse effects for the fetus is extremely low for
women who are seropositive before pregnancy.

For the immediate future, the implications of the data reviewed in this
manuscript are quite serious for seronegative women of childbearing age who as
parents or for work-related reasons are exposed to young children who receive
group care outside their homes.

It is reasonable to anticipate that, over the next decade or so, many
seronegative women of middle and upper-middle class background will become
infected from exposure to children who acquired CMV infection in group day-
care centers. This risk will be particularly serious for those women who become
infected while pregnant as they will face the threat of transmission of virus to the
fetus in utero, which carries a risk, albeit low, of serious fetal morbidity. In the
more distant future, as more infants and young children acquire CMV in early
life, the pool of seronegative individuals will decline progressively and the risk of
primary infection for women of childbearing age will subside. The situation in the
low socioeconomic sector is quite different. Few women in this group breast-feed
their infants and the utilization of day-care
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arrangements is also relatively low. Then it is to be expected that as there is less
transmission of CMYV the pool of seronegative individuals will actually increase
and many more women will reach their reproductive age without the benefit of
immunity to CMV.

If the risk of primary CMYV infection during gestation increases, it is logical
to anticipate more cases of severe congenital infection, as seems to be occurring
in our community.

The sequence of these changes in the various socioeconomic groups will
differ within any given geographic region principally in relation to the popularity
of breast-feeding and the utilization of day-care centers. Since the data analyzed
in this review were obtained from a limited number of studies carried out in only a
few urban settings in the United States, we should not extrapolate to other
settings without considering the many variables that obviously affect the
epidemiology of CMV.

SUMMARY

The increase in the popularity of breast feeding and utilization of child care
arrangements are having a major effect on the epidemiology of cytomegalovirus
infections. The impact is greater for women of upper socioeconomic background
who send their toddlers to day-care centers and for day-care workers. If primary
cytomegalovirus infections occur during pregnancy it is logical to anticipate more
cases of severe congenital infections.

These studies were supported by General Clinical Research Center Grant
RR0032, Program Project Grant HD10699, Children's Hospital Research Center
Grant HD28831, and University of Alabama, Birmingham, Comprehensive
Cancer Center Grant CA13148.
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Changes in Human Ecology and Behavior in
Relation to the Emergence of Diarrheal
Diseases, Including Cholera

MYRON M. LEVINE AND ORIN S. LEVINE

In a broad sense, one can divide the world into two distinct ecologies with
respect to the occurrence of enteric diseases, with a developing country ecology
at one extreme and an industrialized world ecology at the other. Between these
extremes, one encounters gradations and exceptions. In each of these settings,
changes in human ecology and behavior are having an impact on enteric
infections. In developing areas, some of the sweeping changes in demographics
and population distribution that are underway are creating environments of
amplified transmission of enteric pathogens or are attenuating the protective
features of some traditional practices. In industrialized areas, the changes
underway to meet the ever-increasing demands of consumption-based economies
are creating opportunities for the importation of pathogens that improvements in
infrastructure were believed to have eliminated. Finally, even the gains in
infrastructure and commercialization of food production, food distribution, and
food retailing, with all of their positive impact on health, have by their very
nature created environments in which we have seen the emergence of enteric
pathogens.

Myron M. Levine is professor and director of the Center for Vaccine Development at
the University of Maryland School of Medicine, Baltimore, Maryland.

Orin S. Levine is a researcher in the National Center for Infectious Diseases at the
Centers for Disease Control and Prevention, Atlanta, Georgia.
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DEVELOPING WORLD ECOLOGY

Much of the developing world's population lives in substandard housing,
under crowded conditions, without piped water or sanitation. Under these
conditions of pervasive fecal contamination, the various bacterial, protozoal, and
viral agents that cause diarrheal illness are readily transmitted (1-6). In low-
socioeconomic-level populations in the developing world, infants and toddlers
experience from 4-10 episodes per child per yr during the first 2 yr of life (1-3).
Up to 20% of life experience of infants may be spent suffering from diarrheal
illness (1-3) and up to one-third of deaths among children <2 yr of age are due to
diarrheal dehydration, persistent diarrhea, and other complications of diarrheal
illness (7).

A striking feature of pediatric diarrheal illness in developing countries is the
large proportion associated with bacterial enteropathogens. Among the most
important agents are enterotoxigenic Escherichia coli , enteropathogenic E. coli,
and Shigella (1-6, 8—11). Enteroaggregative E. coli, a recently described category
of diarrheagenic E. coli has been incriminated as an important cause of persistent
diarrhea in developing countries (12—-15). Consequent to clinical infections
caused by the various agents and their antigenic varieties, infection-derived
immunity is acquired (4, 16—18); this is reflected in markedly lower incidence
rates in older children and adults and in increased prevalence of antibody with
age (18).

INDUSTRIALIZED WORLD ECOLOGY

Quite distinct patterns of diarrheal disease are encountered in industrialized
regions of the world, where there is access to microbiologically monitored
drinking water, flush toilets, wastewater treatment, and adequate housing with
little or no crowding. In these relatively affluent settings, viral agents of diarrhea
predominate in pediatric populations (19). Nevertheless, some notable exceptions
occur in specific settings in which hygienic conditions are less adequate (e.g.,
pediatric day care, custodial institutions for the mentally retarded), with the net
effect of creating environments similar to those observed in less developed
countries (20, 21).

CHANGES IN HUMAN BEHAVIOR AND ECOLOGY THAT
PROMOTE THE EMERGENCE AND/OR AMPLIFIED
TRANSMISSION OF ENTERIC INFECTIONS

Developing Areas

(i) Urbanization. At one extreme, we may consider the diarrheal disease
problem among the most isolated and primitive populations
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alive today (such as the Yanomami Indians in the Orinoco River
basin) as an example of the burden of diarrheal disease in the
absence of any urbanization. A lack of crowding, relatively small
population, and prolonged breast-feeding of infants and young
children for several years are believed to account for this. Even
among the Mayan Highlanders in Guatemala, a much less isolated
traditional society, the incidence of diarrheal disease does not peak
until the second year of life (1), likely due to breast-feeding patterns.
This timing is in contrast to the pattern observed in periurban slums
in many developing areas where diarrheal disease incidence peaks in
the second semester of the first year of life.

As another example, we can consider the concurrent emergence
of typhoid fever as a public health problem and the rise of cities
during the Industrial Revolution of Europe in the 1800s (22). Not to
despair, typhoid fever also serves as an example of how a single
change in infrastructure can rapidly and markedly diminish the
incidence of enteric infections (22-24).

In most large cities of Western Europe and North America in the
last quarter of the 19th century typhoid fever was highly endemic
with incidence rates of 200-500 cases per 100,000 population being
common (23, 24). In the late 19th and early 20th centuries, the
introduction of a single intervention, treatment of municipal water
supplies (with chlorine, sand filtration, or both) drastically and
precipitously reduced the incidence of typhoid fever wherever these
interventions were applied (22-24).

(ii) Decreased breast-feeding. Breast-feeding constitutes one of the most
effective interventions to diminish the occurrence of diarrheal illness
in young infants, particularly with respect to bacterial diarrheas (25—
28). Sociologic changes that are increasingly encountered in urban
areas of developing countries lead women to abandon breast-feeding
early, as they must return to work long hours in situations where they
cannot nurse their infants. In the 1960s and 1970s, aggressive
advertising by some manufacturers of infant formulas, inadvertently
or otherwise, led many mothers of low socioeconomic level to
abandon breast-feeding and to administer diluted formula to their
infants. Often these formulas were diluted with contaminated water,
and a lack of refrigeration fostered heavy bacterial contamination.
Ultimately, the World Health Assembly attempted to deal with this
problem by passing a resolution that provides a restrictive code and
guidelines on advertising to be followed by artificial formula
manufacturers (29).

(iii)  Shifting agricultural patterns toward cash crop production. As
developing countries attempt to industrialize and become a part of
the global economy, they are forced to generate large sums of foreign
exchange to finance their development. As a result, many farmers
have switched
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from growing an array of crops for their own needs to cultivation of a
single cash crop (e.g., sugar, rice, coffee), which may be of little or
no nutritional value. In many cases, children have suffered
nutritionally from this switch (30). The adverse consequences and
the interaction of malnutrition and diarrheal disease are well
described (1).

(iv) Wars and political upheavals. No human behavior so impacts the
public's health as war. The impact of war on diarrheal disease is no
exception. Former U.S. President Jimmy Carter estimates that there
are no less than 30 wars currently under way worldwide (31). With
the proliferation of advanced weapons during recent decades and
their distribution among much of the developing world, the potential
for devastation of infrastructure and health resources is at an
unprecedented level.

The impact of war and political unrest on diarrheal disease is illustrated all
too clearly by the current situations in Somalia and Bosnia—Herzegovina. In
Somalia, where large segments of the population have been displaced and forced
to live in refugee camp settings, mortality rates among children <5 yr as high as
69.4 per 10° per day have been reported (32); dysentery caused by multiresistant
Shigella dysenteriae was one of the two most important causes of mortality
during this period (32).

Civil turmoil can revert an industrialized country to developing country
status with respect to inadequate provision of piped water supplies and sanitation.
This abrupt change in ecology has occurred in Bosnia—Herzegovina, for example,
where epidemics of diarrheal illness and typhoid fever have resulted.

Industrialized Areas

(i)  Commercialization of food production and food service. In
industrialized countries, agriculture is characterized by massive
farms where vegetables are cultivated, extensive ranches where herd
animals are raised, and enormous animal husbandry operations where
poultry are raised. Additionally, a uniquely Western phenomenon
has arisen: enormous fast-food chains have come to exist that serve
millions of meals daily in the United States and Europe with all
outlets in each chain adhering to uniform food-preparation
techniques. While such commercialization of food production and
food service have achieved impressive economies of scale, it has also
been observed how such large-scale standardization can unwittingly
foster and facilitate the emergence of certain diarrheal pathogens
such as Salmonella enteritidis and enterohemorrhagic Escherichia
coli.

Recent epidemics of infection with Sa. enteritidis through raw or
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partially cooked eggs in restaurants provide one example to
illustrate this point (33). Through molecular epidemiologic
techniques, a recent outbreak of Sa. enteritidis was traced to a single
egg-producing farm that housed >400,000 egg-laying hens in five
henhouses (a veritable poultry city!) (34, 35).

Infections due to Sa. enteritidis have been increasing throughout
Europe and the United States so rapidly that by 1990, Sa. enteritidis
surpassed the venerable Salmonella typhimurium as the most
commonly isolated serotype from humans in the United States (36,
37). With 80,000 hens per henhouse, often with cages stacked one
upon another, commercial egg-producing farms create a permissive
environment for the rapid transmission of enteric pathogens such as
Salmonella and Campylobacter jejuni among animals, thereby
creating a reservoir of infection for humans.

Part of the appeal of fast-food chains is the consumer's expectation
that the food prepared in all outlets will conform to uniform
procedures, using comparable ingredients (often from the same
source). Thus, a high level of consistency is demanded and expected
by the consumers from each fast-food chain, irrespective of the state
or country in which a particular outlet is found. This integral part of
the appeal of fast food also makes it capable of disseminating
infection widely through a common vehicle. Recent outbreaks of
hemorrhagic colitis and hemolytic uremic syndrome due to
enterohemorrhagic E. coli of serotype O157:H7 provide an excellent
example (38—42).

Enterohemorrhagic E. coli first came to be recognized in the U.S.
as an enteric pathogen in 1982 when a multistate outbreak of an
unusual clinical syndrome was seen in several midwestern and
western states associated with the consumption of undercooked
hamburgers (38). The clinical syndrome observed, hemorrhagic
colitis, consisted of watery bloody diarrhea, without fever or fecal
leukocytes (38). An unusual serotype of E. coli, O157:H7, was
isolated from cases that had not previously been incriminated as a
cause of diarrheal illness. Examination of the O157:H7 organism by
various investigators revealed that this pathogen had amassed a
fascinating array of virulence properties, including elaboration of
phage-encoded potent Shiga-like toxins (43), a 60-MDa virulence
plasmid associated with expression of novel fimbriae (44), and a
chromosomal gene (45) that induces attaching and effacing lesions
of intestinal mucosa (46). It was subsequently shown that serotype
O157:H7 is a prototype within a new category of diarrheagenic E.
coli, referred to as enterohemorrhagic E. coli; multiple other O:H
serotypes also fall within this category, most notably O26:H11 and
O111:NM (42), among others.

It rapidly came to be recognized that * 1-2% of individuals with
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bloody diarrhea caused by enterohemorrhagic E. coli go on to
develop the hemolytic uremic syndrome characterized by the triad of
hemolytic anemia, acute renal failure, and thrombocytopenia (42).
Finally, it is now appreciated that cattle serve as the main reservoir
of enterohemorrhagic E. coli infection that can be passed to humans
by consumption of improperly cooked beef products or by close
contract with infected cattle, particularly calves (as in a petting zoo
for children) (42, 47, 48).

Two large multistate outbreaks of enterohemorrhagic E. coli
disease have resulted from the consumption of undercooked beef
hamburgers served by large fast-food chains. In the original outbreak
of 1982, as well as in some recent outbreaks, epidemic investigations
have shown that the restaurants' cooking practices were insufficient
to kill the bacteria (38, 42, 49, 50). Enterohemorrhagic E. coli is
becoming increasingly important as an enteric pathogen in North
America and Europe, while it remains distinctly uncommon in
developing countries.

(if)  Importation of food from developing countries. Occasionally,
imported foods may lead to outbreaks of unexpected bacterial
diarrheal illness. For example, an outbreak of cholera in Maryland
followed the ingestion of frozen coconut milk imported from
Thailand (51). Investigation of the packaging process in Thailand
indicated a high degree of fecal contamination of the environment
with several possible opportunities for contamination of the food.
Taylor et al. (51) point out that "In a global economy, the control of
cholera and other food-borne diseases will require globally
recognized regulatory standards for manufacturers of imported
products."

(iii) Increase in day-care center attendance. In the United States, there
are more single-parent families than ever. In addition, more women
than ever are pursuing careers that require them to seek day care for
their children. As the number of young children and infants in day
care has grown, we have seen the re-emergence of diarrheal diseases
caused by certain bacterial and protozoal pathogens among these
children. The reason for the emergence of these enteric pathogens
that are so common to developing areas is the compromised hygienic
conditions found in these day-care settings. Infections due to Shigella
and the protozoa Giardia lamblia, for instance, are common in day-
care center attenders (21, 52, 53), where children may be crowded
together sharing toys and sanitary facilities.

Shigella sonnei is by far the predominant serotype of Shigella
isolated in day-care settings and is the main serotype found in
industrialized countries, in general. A relationship has been noted
between level of development and the serogroup of Shigella that is
prevalent (54). Sh. dysenteriae is found in the least developed
ecologies, and Shigella flexneri is found in somewhat further
developed environments; Sh. sonnei
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predominates in those niches where shigellosis persists in
industrialized settings (54). A possible explanation has been
proposed to explain these observations (4). O antibodies are believed
to mediate protection against sonnei shigellosis (55). Some strains of
Plesiomonas shigelloides, an autochthonous bacterial species of
surface waters (56), express a polysaccharide O antigen identical to
that of Sh. sonnei (57). Among populations living in less-developed
ecologic conditions, the repeated antigenic stimulation by
Plesiomonas bacteria consequent to ingestion of untreated surface
waters may stimulate cross-protection against Sh. sonnei.

(iv) Institutions that care for the aged. In industrialized countries the
proportion of the population that is elderly is steadily increasing, as
is life expectancy. Improved geriatric health care has resulted in the
survival of many elderly patients with chronic illnesses, many of
whom live in institutions for the aged. The result is an unusual
ecologic niche where there exist many elderly chronically infirm
individuals with diminished host defenses (e.g., hypochlorhydria)
who are fed institutional food from large-scale kitchens. Should there
occur a breakdown of food hygiene in such a setting, large outbreaks
of gastrointestinal disease may ensue with high attack rates and
fatalities (58, 59).

(v) International travel. Approximately 30-50% of individuals from
industrialized areas who travel to developing areas experience at
least one episode of diarrhea due to enterotoxigenic E. coli during a
2-week stay (60). Potentially, travelers may transport highly virulent
enteric pathogens back with them, either knowingly—e.g., the
outbreak of cholera due to crabs smuggled in luggage from South
America (61)—or unwittingly—e.g., the outbreak of cholera among
passengers on a transcontinental airline flight from South America
(62).

CHANGES IN THE EPIDEMIOLOGIC BEHAVIOR OF
CHOLERA,IN PART DUE TO CHANGES IN HUMAN
BEHAVIOR

One of the characteristics of cholera is its propensity for pandemic spread,
wherein many countries come to be affected over many years. The seventh
pandemic of cholera, due to the El Tor biotype of Vibrio cholerae O1 began in
Sulawesi in 1961 and progressively spread to other continents over many years.
The last large developing world populations that had so far escaped the ravages
of cholera were finally touched when the enormous and explosive epidemic began
in South America in 1991 (63).

In recent years it has become increasingly recognized that an important
reservoir for V. cholerae Ol exists in the environment in brackish waters where
the vibrios adsorb to zooplankton and other chitinous fauna (64). After the onset
of the South American outbreak of cholera, it
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came to be recognized that cargo ships can inadvertently disseminate V. cholerae
Ol to new receptive brackish water environments through their practice of using
ballast water to balance the vessel. Thus, ballast water of ships from South
America approaching U.S. ports was found to contain the outbreak strain of V.
cholerae O1 (65).

In late 1992 epidemic cholera due to a newly recognized serogroup of V.
cholerae (0139) broke out in India and swiftly spread to Bangladesh (66, 67).
The high rates of illness in adults in these cholera-endemic areas suggest that
prior immunity to V. cholerae O1 does not afford protection against the new
serogroup. Preliminary analysis of virulence properties of the O139 serogroup
shows virtual identity to El Tor strains (68). What is remarkable about this new
strain is its rapidity of spread. O139 serogroup has already caused cholera in
Thailand, China, Pakistan, Kazakhstan, and Malaysia, and cases have been
imported into the United States (69) and the United Kingdom (70). Moreover,
one indigenous case has been observed in the United Kingdom in an individual
who did not travel. This extraordinarily rapid spread is being attributed to high-
volume air travel between the subcontinent and developing as well as
industrialized areas of the world.

CONCLUSIONS

Changes in human behavior and ecology clearly impact on the emergence or
disappearance of enteric infections. We have limited our attention to certain
changes in ecology and human behavior that we believe to be of primal
importance but have failed to mention others. Nevertheless, the picture from
those presented is clear. With each advance in human development there arise
consequences. The commercialization of food production and service, the shift in
the role of women from home to work force, the increase in pediatric populations
attending day-care centers and of elderly populations housed in institutions for
the aged, the linking of distant places by rapid intercontinental travel, and the
interdependence of economies have all impacted to modify the epidemiology of
diarrheal disease. In some instances the net result is a diminution in the
transmission of diarrheal diseases; in other cases the effect is a fostering of the
emergence of certain enteric infections.

SUMMARY

Human populations throughout the world can be found in diverse
conditions. A proportion of the population of developing countries lives in
deprived conditions characterized by ramshackle housing, lack of piped water and
sanitation, and widespread fecal contamination of the
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environment. Enteric infections, particularly due to bacterial pathogens, are
readily transmitted under these circumstances. In contrast, the majority of
inhabitants of industrialized countries live in a sanitary environment that
generally discourages the transmission of enteric pathogens, particularly bacteria.
In both these ecologic niches, changes in human ecology and behavior are leading
to the emergence of certain enteric infections. Relevant factors in developing
areas include urbanization (leading to periurban slums), diminished breast-
feeding, and political upheaval that results in population migrations. In
industrialized areas, large-scale food production (e.g., enormous poultry farms),
distribution, and retailing (e.g., fast-food chains) create opportunities where
widespread and extensive outbreaks of food-borne enteric infection can ensue if a
breakdown in food hygiene occurs.
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Dengue: The Risk to Developed and
Developing Countries

THOMAS P. MONATH

In the last 20 years, dengue fever and a severe form of the disease described
for the first time in the mid-1950s—dengue hemorrhagic fever (DHF)/dengue
shock syndrome (DSS)—have emerged as the most important arthropod-borne
viral diseases of humans (1-3). During this period the frequency of dengue fever
epidemics has increased dramatically, hyperendemic transmission has been
established over a geographically expanding range (Figure 1), and DHF has
occurred in new areas and at higher incidence. It is estimated that up to 100
million cases of dengue fever occur annually on a worldwide basis.
Approximately 250,000 cases of DHF are officially notified, and the true
incidence is undoubtedly several-fold higher. Relatively few cases were
recognized in the first 25 years after the initial description of this disease, while
reports have risen steeply in recent years (Figure 2). The geographic expansion of
epidemic dengue fever during the 1980s involved South, Central, and North
America; Africa; China; and Australia, and is expected to continue in receptive
regions infested by Aedes aegypti. Of greatest concern to the future health of the
Western Hemisphere is the emergence of DHF in the Americas during the last 12
years. As illustrated below, the factors responsible for the worldwide increase in
the incidence and distribution of dengue are closely linked to changes in human
ecology and behavior.

Thomas P. Monath is vice president of research and medical affairs at OraVax, Inc.,
Cambridge, Massachusetts.
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FIGURE 2 Incidence of DHF since its first description as a nosologic entity in
1954(modified from ref. 4). A dramatic increase in incidence has occurred
during the 1980s, reflecting both a real increase and an apparent increase due to
improved reporting.

TRANSMISSION CYCLE, DISEASE, AND PATHOGENESIS

Dengue is caused by four antigenically distinct single-strand positive-
polarity RNA viruses, designated dengue types 1-4, belonging to the family
Flaviviridae (5). Virus transmission in its simplest form involves the ingestion of
viremic blood by mosquitoes and passage to a second susceptible human host. An
extrinsic incubation period of 8-10 days is required after feeding on a viremic
human for viral replication and internal dissemination in the mosquito before
virus appears in the saliva and transmission on refeeding can occur. As the blood
meal stimulates oviposition by the female mosquito, which undergoes at least
one, and often more, reproductive cycles during the extrinsic incubation period,
there is an opportunity for virus to enter the egg and be passed to the next
generation of mosquitoes.

In tropical Asia and West Africa, dengue viruses are also transmitted
between nonhuman primates and tree-hole-breeding mosquitoes (6), but it is
uncertain what relationship, if any, exists between the forest cycle and the
circulation of virus between humans and A. aegypti. However, the existence of a
completely silent zoonotic transmission
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cycle affords a potential mechanism for emergence of the disease in human
populations and possibly also for selection of virus variants with altered host
range and vector relationships. Virus strains representing the forest cycle have
been subjected to molecular analysis and found to be distinct (see below),
indicating that the forest cycle may be ecologically isolated. An important
question for future research is whether the virus strains that circulate in the forest
cycle are biologically distinct. Nonhuman primates challenged with strains of
dengue virus isolated from humans generally develop abbreviated and
significantly lower viremias than humans (7). These virus strains have not been
evaluated for their capacity to induce viremic responses in their natural monkey
hosts. It is possible that the apparent separation of forest and human transmission
cycles reflects a reciprocal and exclusive adaptation to their hosts (or vectors).

The uncomplicated disease, classical dengue fever, is a biphasic illness
beginning abruptly 3-8 days after the bite of an infected mosquito, characterized
by fever, headache, severe malaise, lumbosacral aching, and generalized muscle,
joint, or bone pain. Improvement after several days is followed by the
reappearance of fever and development of a measles-like rash, generalized
lymphadenopathy, and, sometimes, minor hemorrhagic phenomena. There are no
fatalities and the disease resolves in the second week, although patients may
experience prolonged convalescence, with weakness and depression. Due to the
self-limited nature of the infection, little is known about the pathogenesis of
classical dengue fever. High titers of virus are present in the blood during the
early phase, providing the means for mosquito infection. Dengue virus is
predominantly a lymphotropic agent, and the principal target cells for virus
replication appear to be mononuclear phagocytes, a fact that assumes greatest
relevance in the pathogenesis of DHF/DSS (8).

The onset and early phase of DHF/DSS is identical to that of dengue fever.
However, shortly after onset, the patient rapidly deteriorates, developing
epigastric pain, restlessness and irritability, thrombocytopenia, and signs of
diffuse capillary leakage, hemoconcentration, and hypotension. Hemorrhagic
manifestations of all kinds occur. In its most severe form (designated DSS,
occurring in up to 1/3 of individuals with DHF), patients experience narrowing of
the pulse pressure and circulatory failure. The case-fatality rate of DHF/DSS is up
to 20% if untreated, but with supportive treatment consisting of fluid and
electrolyte management and oxygen, fewer than 1% of such cases prove to be
lethal.

The pathogenesis of DHF/DSS is only partially understood. The disease is
an immunopathologic process, dependent in the vast majority
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of cases on prior immune sensitization by a heterotypic dengue infection.
Infection with one dengue serotype provides lifelong homologous immunity, but
only transient cross-protection against other serotypes, making sequential
infection possible. The relative risk of experiencing the most severe form of the
disease is 100-fold higher after secondary than after a primary infection. The
underlying mechanism involves enhanced infection of Fc-receptor-bearing
monocyte/macrophages by dengue viruses complexed to nonneutralizing IgG
antibodies (8, 9). These antibodies are the result of prior infection with a
heterologous dengue virus serotype, or, in the case of infants born to immune
mothers, the result of waning passive maternal antibody. The infectious immune
complexes gain access to Fc-receptor-bearing monocytes more readily than
dengue virus alone, with the result that the host has a larger number of infected
cells containing quantitatively higher amounts of dengue virus, a phenomenon
known as immune enhancement. A second aspect of the pathogenesis is the
marked T-cell activation and induction of cross-reactive CD4* and CD8*
cytotoxic T cells that recognize dengue viral antigens (principally nonstructural
proteins) on infected monocytes (10). Although this process is key to the
clearance of infected cells and recovery of the host from infection, the result of
this interaction in a subset of patients may also have pathophysiological
consequences due to release of cytokines with vasoactive or procoagulant
properties (interleukins, tumor necrosis factor, platelet-activating factor, and
urokinase), complement activation, and release of interferon y. The latter
molecule up-regulates expression of Fc receptors and in turn increases antibody-
dependent enhancement of dengue virus replication. It is still uncertain what
host- and virus-specified factors determine why one individual develops DHF/
DSS and another clears secondary infection without consequence. Moreover, the
precise role of different cytokine mediators in the pathogenesis of DHF/DSS
remains to be defined.

HISTORY OF EPIDEMICS AND THE EMERGENCE OF DHF/
DSS

Dengue fever has been recognized clinically for over 200 years. During the
18th and 19th centuries the disease occurred in intermittent pandemics affecting
Asia and the Americas, occurring at intervals of up to several decades (11, 12).
Spread was slow, generally by ships carrying breeding populations of A. aegypti
and susceptible human hosts. In many areas, dengue was recognized only among
expatriate settlers or colonial military forces, and the disease escaped attention in
the indigenous populations under poor medical surveillance.

This pattern changed dramatically during and after World War II. Dengue
viruses were spread by viremic military personnel to staging
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areas in the Pacific. Multiple dengue serotypes were geographically shuttled by
viremic troops and refugees, and the vector was spread by vehicles, water storage
containers, and tires carrying along the ova and larvae of A. aegypti. The
dissemination of virus and vector was enhanced after the war by rapid population
growth and urbanization. Asian cities were characterized by poor sanitation, the
necessity for domestic water storage, and crowded living conditions, creating
conditions favoring breeding of A. aegypti. Superimposed on these phenomena
was the rapid rise in air travel, providing the means for movement of viremic
human beings within the region and beyond. These factors led to the
establishment of hyperendemic dengue infection in Southeast Asia, a pattern of
annual outbreaks caused by all four dengue serotypes, and an increasing
frequency of sequential infections of children (13). It is in this setting that DHF/
DSS emerged in 1954 in the Philippines. Over the next 20 years, outbreaks
occurred that involved many parts of Asia and the Pacific, with a mean annual
incidence of about 30,000 cases. In the 1970s and 1980s, the incidence of DHF
rose dramatically, to over 250,000 cases per year (Figure 2). DHF is now the third
or fourth leading cause of hospitalization of children in some areas (14).

The emergence of dengue fever and DHF in the American region provides a
paradigm for the changing features of dengue epidemiology. Prior to World War
II infrequent epidemics occurred at intervals of up to 37 years, probably caused
by introduction of a single serotype (12). The opportunities for introduction of
new viruses were limited. Outbreaks were rarely sustained for more than a few
years because human populations were relatively low and isolated in island
situations where immunologically susceptible hosts were rapidly exhausted.
Postwar changes in dengue epidemiology in the American region occurred
somewhat later than in Asia. During the 1960s, dengue virus types 2 and 3
became established in the region, and in 1977, dengue type 1 was introduced,
rapidly spread, and became endemic. The pattern of intermittent epidemics at
long intervals and transient circulation of one serotype changed to one of annual
outbreaks in multiple locations and persistent cocirculation of multiple dengue
serotypes. It was predictable that these events would eventually lead to the
emergence of DHF in the Americas (2). In the 1970s, a few DHF cases were
identified in Puerto Rico, where dengue was under intense study. The first true
outbreak occurred in Cuba in 1981, with 116,000 hospitalized patients, 34,000
documented cases of DHF, and 158 deaths (15). Similar events occurred in
Venezuela in 1989-1990 (16), with over 3000 cases of hemorrhagic fever, and in
Rio de Janeiro in 1990. During the decade that followed the Cuban epidemic, 11
countries in the Americas have reported DHF (Figure 3).
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FIGURE 3 Expansion of DHF in the Western Hemisphere. Prior to 1981, only
Puerto Rico reported sporadic cases of DHF. The first major outbreak occurred
in Cuba in 1981. By 1991, 11 countries had been affected by the disease. Arrows
indicate island nations affected in the Caribbean region.

DENGUE IN THE DEVELOPED WORLD

Every year 30-100 cases of dengue are reported in the United States in
persons who have traveled to tropical countries. Many such cases undoubtedly go
unreported. A similar incidence has been recorded among Swedish tourists, and it
probably occurs elsewhere in Europe as well. Unlike most of Europe, parts of the
United States have a resident fauna of efficient vectors (A. aegypti and Aedes
albopictus; see below), and there is a risk of secondary spread. On two occasions
(1980 and 1986) small outbreaks followed the introduction of dengue from
Mexico into southern Texas. The introduction and spread of dengue outbreaks in
the southern United States remains a potential threat, particularly in cities along
the Gulf of Mexico, where A. aegypti and A. albopictus are abundant and major
pest problems. As would be expected from the requirement for sequential
infections, DHF has been rare in travelers and does not currently pose a threat to
the developed world.

ECOLOGIC BASIS FOR THE EMERGENCE OF DENGUE

Underlying the emergence of DHF in the Western Hemisphere are changes
in human and mosquito ecologies that affect the rate and geographic range of
virus transmission. The principal vector, A. aegypti, has made extraordinary
evolutionary adjustments to coexist with human
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beings. This mosquito originated (and still exists) in Africa as a forest species
feeding principally on rodents and other wild animals and adapted to lay eggs and
undergo larval development in forest tree holes containing rainwater. However, a
subspecies A. aegypti aegypti, evolved in Africa to become a highly domesticated
animal, following humankind on its journeys and migrations to the corners of the
globe, breeding in the artificial containers used for storing clean water, resting
between blood meals in human habitations away from predators and harsh
weather, flying rarely more than 50 yards from these convenient locations, and
adopting wary biting habits around its observant and dexterous human prey.
Interestingly, A. aegypti is not a very efficient vector of dengue viruses, and has
both a low susceptibility to oral infection and low rate of transovarial infection
(7). Thus, virus titers in the blood of human hosts must exceed 10°-107 virus
particles per ml for infection and transmission to be sustained. The vector may
thus serve as an important selection mechanism or biological filter for
maintaining virus virulence at a high level, since only virus strains that replicate
efficiently in humans and produce high viremias are transmissible by this
mosquito.

The phenomena of unchecked human population growth in the tropics and
the dramatic redistribution of the human population into urban centers in search
of better amenities, employment, and education have greatly influenced the
epidemiology of dengue and the density and distribution of the domestic vector,
A. aegypti. This redistribution of the human population has occurred in all
countries where dengue is endemic. In the American region, for example, the
urban population nearly doubled during the period (1970-1990) in which dengue
emerged as a major health problem, whereas rural populations remained nearly
constant. This trend will continue, with over 80% of the Latin American
population predicted to inhabit cities within the next 30 years. Insufficient urban
piped water supplies, necessitating the storage of water for drinking and washing,
and poor sanitation, resulting in the accumulation of vast amounts of human
detritus that collect rainwater, such as discarded bottles, cans, and automobile
tires, have been responsible for an enormous expansion of A. aegypti vector
populations. This environmental transformation has occurred in a setting where
the supply of susceptible human hosts for dengue transmission is now virtually
inexhaustible.

These changes in human and vector ecology have been accompanied by a
decreased willingness of societies to undertake effective mosquito control in the
context of disease prevention. In 1947, the Pan American Health Organization
initiated a hemisphere-wide campaign to eradicate A. aegypti. Efforts were
successful in a number of countries, with the
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result that between 1947 and 1972, the vector had been eliminated from 19
countries, representing over 73% of the area originally infested (Figure 4) (2,
17). However, around 1972 the program ran out of steam. The United States
entered the campaign late (1961) and gave up early, as entomologists and
sanitarians found the job insurmountable and congressmen found the funding
requirements unacceptable. The United States and other countries in the
Caribbean region provided a source for exportation of A. aegypti to countries
attempting to maintain their vector-free status. In those countries that had
achieved eradication, mosquito control efforts sagged under the competition with
other priorities for scarce health resources and with the increasing demands
imposed by the conditions in bursting megacities such as Sao Paulo and Rio de
Janeiro. Lack of funding, leadership, and morale eroded the once-proud mosquito
control agencies (18). The expansion of urban human populations in Latin
America and the creation of vast amounts of nonbiodegradable detritus breeding
vast populations of A. aegypti simply outstripped the human capability to restrict
this species. Within 10 years A. aegypti had retaken virtually all of South and
Central America (2) (Figure 4). In 1986, an explosive outbreak of dengue 1
involving over 1 million cases struck Rio de Janeiro. Subsequently, dengue
epidemics

o<

FIGURE 4 Reinfestation of Central and South America by A. aegypti (shaded
areas) after several decades, ending in 1972, of intensive efforts to control this
vector species. The reinfestation has led to explosive epidemics of dengue and
DHF in South America.
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have occurred in Paraguay, Bolivia, Peru, Ecuador, Colombia, and Venezuela.
The sequential introduction of dengue type 1 followed by dengue 2 resulted in
outbreaks of DHF in Caracas (1989) and Rio de Janeiro (1990). Three of the four
dengue serotypes are currently endemic in the region, and it is probable that
dengue type 3 virus will be reintroduced in the near future. It is clear that the
factors that led to the emergence of DHF as a major public health problem in Asia
now exist in the American region.

INTRODUCTION AND SPREAD OF A SECOND DENGUE
VECTOR IN THE AMERICAS

An interesting illustration of the relationship between human and vector
ecology is provided by the introduction and spread of another dengue vector, A.
albopictus, from Asia to the Americas in the 1980s. This mosquito is responsible
for endemic transmission of dengue in Asia and for epidemic spread in
circumstances where A. aegypti is absent or in low density. In 1985, the mosquito
was discovered in Houston, Texas, and a year later in Rio de Janeiro, representing
separate introductions from different areas of Asia (19, 20). Human commerce in
used truck tires imported for the purpose of recapping was responsible for the
importation of eggs or larvae of the mosquito (21). These tires were stored in the
open prior to export, where they collected rainwater and were used as oviposition
sites by A. albopictus. Over a million tires per year were imported into the United
States from Asia, and approximately 20% of these, unfit for recapping purposes,
were discarded in the environment. The A. albopictus invasion rapidly spread,
probably in large part by the tire trade, extending the range of this winter-hardy
species throughout the eastern United States. A similar expansion has occurred in
Brazil. Dissemination of the mosquito is continuing, and in 1993 it invaded the
Dominican Republic (C. Pefia, personal communication). It was predicted that
this aggressive and adaptable species would become implicated in the
transmission of indigenous viruses, and this has in fact occurred; five different
agents, including two human pathogens (eastern equine encephalitis and dengue
viruses) have now been recovered from the species (ref. 22; P. Reiter, personal
communication). The full dynamics of this unique episode have yet to play out,
but it will be surprising if a significant public health problem does not emerge in
the future. The accumulation of vast numbers of nonbiodegradable transportable
man-made mosquito-breeding devices lies at the root of the dengue vector
problem. Municipal landfills reject these objects, which are thus often dumped
illegally in the environment, and no recycling has proven cost effective.
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MOLECULAR EPIDEMIOLOGY AND VIRUS VARIATION

Little is presently known about the role of virus-specified factors in the
transmission and pathogenesis of dengue. Considerable microevolution of dengue
virus strains has been found in studies employing monoclonal antibody analysis
(23), RNA fingerprinting (24), or sequencing of selected regions of the genome
(25). Since variants with similar genetic structure are found within a specific
geographic location, such studies have elucidated movements of dengue viruses
and the source of epidemics. The results also suggest that genetic variation in
virus strains may determine virulence and explain the changing patterns of
disease. Two examples will be given to illustrate these different points.

Use of Dengue Genetic Analysis to Explain the Emergence of
Dengue in Africa

In modern times, there were virtually no reports of human dengue in Africa
except for scattered cases in the 1960s in Nigeria and 1970s in Senegal.
Serological surveys in 1970 in Nigeria suggested the presence of a zoonotic
transmission cycle involving monkeys and a variety of tree-hole-breeding Aedes
spp. (26), and between 1974 and 1981, French scientists verified the existence of
such a cycle in Céte d'Ivoire and Senegal (27). However, no outbreaks of human
disease were recorded in the region around forests supporting this cycle, and the
relevance of a forest transmission cycle to human health remains obscure.
Indeed, the outbreak of dengue fever closest to Africa occurred in the Indian
Ocean (Seychelle Islands) in 1977.

In 1982, however, dengue appeared along the coast of Kenya, and shortly
thereafter in the Ivory Coast and Burkina Faso. These were typical A. aegypti-
borne epidemics, characterized by classical dengue fever. In 1983-1984, the
disease spread up the coast of East Africa to involve Sudan and Somalia, where it
has remained endemic. These events posed a number of questions: Why did these
outbreaks arise? Were they interconnected? Was there a relationship between the
outbreaks and the indigenous forest transmission cycle? These questions were
resolved by a comparison of strains using hybridization probes (28) and by an
analysis of nucleotide sequences of a 240-bp region at the junction of the E and
NS1 proteins (25). Virus strains were available for study representing the forest
cycle and the epidemics in Burkina Faso and the Seychelles. A close genetic
relationship was found between the strains from West Africa representing the
forest cycle, and these strains were quite distinct from those causing the
epidemics. The virus strains from the Burkina Faso epidemic were similar to the
strains responsible
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for the earlier outbreak in the Seychelles, and these in turn resembled virus
isolates from Sri Lanka and Indonesia. Thus, it appeared that the epidemics arose
by introduction of dengue 2 virus from afar and were not the result of spill-over
from the forest transmission cycle. The molecular analysis confirmed the role of
humans in the dissemination of dengue viruses. The virus was apparently
introduced to the Seychelles in 1977 from Sri Lanka or another location to the
East, and this was also the source of introduction into East and West Africa.

Molecular and Biological Evidence for Variation in Dengue
Virulence

In the Americas, dengue type 2 has been responsible for repeated outbreaks
of classical dengue fever as well as for the explosive appearance of DHF in
Cuba, Venezuela, and Brazil. This paradox could be explained solely on the basis
of the epidemiological events leading to the establishment of hyperendemic
transmission of multiple serotypes and an increased incidence of sequential
infections. However, circumstantial evidence from molecular analysis suggests
that the dengue 2 strain responsible for the occurrence of severe disease may
represent a variant with increased virulence for humans.

A comparison of the gene sequences of dengue type 2 viruses from the
Caribbean region indicated that two distinct variants were cocirculating over a
period of many years (25). One genetic variant represented the Puerto Rican
strain, which had been introduced into the region in 1969 and had persisted in an
endemic-epidemic pattern, associated with classical dengue fever. A second
variant represented a strain first isolated in Jamaica in 1981. The Jamaican
genotype was responsible for the DHF epidemics in Venezuela (1989) and Brazil
(1990). Since Jamaica and Cuba are geographically juxtaposed, it is probable that
this variant caused the 1981 Cuban DHF outbreak (virus strains isolated in Cuba
have never been available for comparative study).” Sequence homology between
the Jamaican variant and virus strains from Vietnam suggested the original source
of introduction—a plausible conclusion, since Cuba

* A recent report describes the genetic analysis of dengue type 2 strains recovered
during the 1981 DHF epidemic in Cuba [Guzman MG, Deubel V, Pelegrino JL, et al.
Partial nucleotide and amino acid sequence of the envelope and E/NS1 gene junction of
four dengue 2 strains isolated during the 1981 DHF/DSS Cuban epidemic. Am J Trop Med
Hyg, 1994, in press]. The epidemic viruses closely resemble the New Guinea C. strain, the
prototype dengue 2 virus, which was isolated in 1944, and has persisted to the present day
in Asia. This finding supports the conclusion that the epidemic originated by introduction
of virus from Asia.
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and North Vietnam had political ties at the time of the outbreak. In contrast, the
Puerto Rican genotype resembled contemporary virus strains from Polynesia,
where for the most part disease was mild.

Although these results imply that dengue virus strains vary in virulence and
that this variation may play a role in the incidence and distribution of DHF, the
molecular basis for virulence cannot be tested directly, due to the lack of an
animal model of DHF. A preliminary analysis (29) demonstrating variation in the
ability of dengue virus strains to replicate in human peripheral blood monocytes
and higher replication of isolates from DHF patients than from dengue fever
patients requires further evaluation and confirmation in prospective studies.

FLAVIVIRUS AND DENGUE EVOLUTION:A BIOLOGICAL
PERSPECTIVE AND SOME SPECULATIONSON FUTURE
CHANGES IN DENGUE EPIDEMIOLOGY

The 68 recognized flaviviruses are classified into serological complexes, and
these in turn correspond closely to their mode of transmission. Nearly half,
including the dengue viruses, are mosquito-borne, 28% are transmitted by ticks,
and 20% are apparently zoonotic infections transmitted by contact between
rodents and bats (30). From an evolutionary standpoint, it is of interest that the
viruses belonging to the tick-borne encephalitis complex seem to have developed
the capacity to infect epithelial surfaces, since members of this group are shed in
milk of infected domestic livestock and can spread to humans by this means as
well as by aerosols in the laboratory. This capacity for epithelial infection is
apparently more highly developed in the bat- and rodent-associated agents which
have no known arthropod vectors, probably representing an adaptation to
transmission between hosts that are relatively abundant under circumstances of
low vector density. Evolution of the flaviviruses appears to be in the direction of
loss of dependence on arthropod vectors, with the most evolved forms
represented by hepatitis C and simian hemorrhagic fever viruses.

The mosquito-borne flaviviruses, exemplified by St. Louis encephalitis,
Japanese encephalitis, and Murray Valley encephalitis viruses, are presumed to
be relatively primitive forms on the basis of their varied vector and host
associations and marked radiation of closely related antigenic types. A biological
common denominator of these agents is their marked neurotropism. Dengue and
yellow fever viruses are distinct antigenically but share links with the more
primitive mosquito-borne encephalitis viruses, as illustrated by the high
nucleotide sequence homology between dengue type 2 virus and Edge Hill virus
3.
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However, dengue and yellow fever viruses have evolved an important biological
feature that clearly separates them from their more primitive neurotropic
predecessors, namely lymphotropism, and they have subverted the primate
monocyte/macrophage as principal target cell for replication (32). One result of
this adaptation has been a marked restriction of host range to the primates and a
parallel restriction in the virus-vector relationship to a few species of Aedes spp.
with predilection for feeding on primate blood.

The lymphotropism of dengue viruses is consistent with the production and
release of large quantities of virus into the blood stream, a feature that is essential
to transmission of the virus by the relatively insusceptible A. aegypti vector. It is
important to note that the change in tropism from nervous tissue to lymphoid
cells is critical to survival of both virus and host species, since viremias of the
magnitude achieved in dengue would produce a very high risk of hematogenous
spread of a neurovirulent/neuroinvasive agent to the central nervous system. Loss
of neurovirulence in favor of lymphotropism is thus permissive for transmission
without affecting host survival.

The remarkable ability of dengue viruses to replicate to high titers in human
tissues raises the possibility that, should a variant emerge with altered tropism—
e.g., for epithelial tissues permitting shedding in respiratory secretions, or
conversely for nervous tissues, permitting neuroinvasion—the result could
fundamentally change the route of transmission or the expression of disease in the
host. While this may appear to be a remote possibility, we should remember that
other flaviviruses, including the bat- and rodent-associated flaviviruses and
simian hemorrhagic fever virus, have evolved in these directions. It is thus not
inconceivable in the context of flavivirus evolution that dengue could undergo
genetic changes that would transform it into a more dangerous pathogen
transmissible by the respiratory route or capable of causing encephalitis.

In general, however, dengue and other flaviviruses [e.g., yellow fever virus
(33) and St. Louis encephalitis virus (34)] display a rather remarkable genetic
stability, given their RNA genomes and high rates of mutation. A comparison of
the genetic variability of dengue type 2 strains with that of influenza viruses,
based on a comparison of nucleotide and amino acid sequence divergence, shows
that dengue variation is low, similar to that of influenza C, a virus that has a
single (human) host and is not subjected to the marked genetic shifts typical of
influenza A virus, which undergoes recombinational events in alternative hosts
and has a higher proportion of mutations that result in amino acid changes.
Dengue virus strains belonging to the same serotype vary by no more than 10%
at the nucleotide level and 4% at the amino acid
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level. The constraints on dengue virus evolution probably reflect the need to
preserve critical determinants involved in virus—cell interactions across two very
diverse phyla (Arthropoda and Chordata). Nevertheless, it is clear that four
dengue serotypes have evolved and that the accumulation of mutations is a
continuing and directional process (24, 25). The emergence of a new serotype of
dengue virus differing at one or more critical neutralization epitopes will thus
undoubtedly occur at some time in the future. Dual infections of humans and
vectors with different dengue serotypes may be an increasingly frequent event
(35), raising the possibility that intramolecular recombination in addition to
mutational change could be a mechanism for the emergence of new types. The
appearance of a fifth dengue serotype would fundamentally alter the
epidemiology of dengue and DHF.

PREVENTION AND CONTROL

The ability to control dengue by reduction of the vectors responsible for
transmission seems increasingly remote. Efforts to develop effective live,
attenuated, and genetically engineered vaccines are under way, and the impetus to
move candidate vaccines into large-scale human trials will increase as DHF
emerges as a major health problem in the Western Hemisphere. The
immunopathogenesis of DHF demands that durable protective immunity to all
four serotypes be elicited simultaneously, posing a formidable challenge to
vaccine development.

SUMMARY

Dengue viruses are members of the Flaviviridae, transmitted principally in a
cycle involving humans and mosquito vectors. In the last 20 years the incidence
of dengue fever epidemics has increased and hyperendemic transmission has been
established over a geographically expanding area. A severe form, dengue
hemorrhagic fever (DHF), is an immunopathologic disease occurring in persons
who experience sequential dengue infections. The risk of sequential infections,
and consequently the incidence of DHF, has risen dramatically, first in Asia and
now in the Americas. At the root of the emergence of dengue as a major health
problem are changes in human demography and behavior, leading to unchecked
populations of and increased exposure to the principal domestic mosquito vector,
Aedes aegypti. Virus-specified factors also influence the epidemiology of
dengue. Speculations on future events in the epidemiology, evolution, and
biological expression of dengue were presented.
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Hepatitis Viruses: Changing Patterns of
Human Disease

ROBERT H. PURCELL

Viral hepatitis is caused by at least five distinct viruses. Each belongs to an
entirely different family of viruses, and they have very little in common except
the target organ they affect, the liver, and a certain degree of shared
epidemiology. Each of the five viruses has a worldwide distribution. In general,
the regional incidence rates for each virus are lowest in the Western Hemisphere
and northern regions and highest in the Eastern Hemisphere and tropical regions.
Thus, the incidence of infection with these five viruses is generally lowest in
industrialized and developed countries and highest in less-developed regions.
Two of the viruses [hepatitis A virus (HAV) and hepatitis E virus (HEV)] are
spread principally by fecal-oral means and three [hepatitis B virus (HBV),
hepatitis C virus (HCV), and hepatitis D virus (HDV)] are spread principally by
exposure to blood, although HBV is frequently spread by unprotected sex.
Although it has been sought, arthropod-borne or other vector-mediated
transmission of the blood-borne hepatitis viruses has not been found. Other
viruses, principally from the families Arenaviridae, Bunyaviridae, Flaviviridae,
Filoviridae, and Herpesviridae, also cause hepatitis as part of systemic diseases,
but these are generally not grouped with the hepatitis viruses.

Robert H. Purcell is head of the Hepatitis Viruses Section of the Laboratory of
Infectious Diseases, National Institute of Allergies and Infectious Diseases, National
Institutes of Health, Bethesda, Maryland.
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Changes in human ecology and behavior have had discernable effects on the
epidemiology of the hepatitis viruses in different ways and to different degrees.
Following is a brief summary of each virus and how it has interacted with its
host. In some cases the view is but a glimpse because the existence of three of the
five viruses has been recognized for less than 20 years.

HEPATITIS A VIRUS

History

HAYV may be traced back to epidemics of "campaign jaundice" that afflicted
the armies of the Middle Ages and that has continued to be a serious problem up
to and including the Korean and Vietnamese conflicts (see ref. 1). The first
civilian epidemics of hepatitis were recorded in Europe in the 17th and 18th
centuries. The differentiation of hepatitis A, then called infectious hepatitis, from
hepatitis B, then called serum hepatitis, came principally from studies in
volunteers in Europe and the United States from the 1940s through the 1960s. It
was not until the 1970s that HAV was transmitted to laboratory animals
(marmoset monkeys and chimpanzees), and the virus was isolated in cell culture
in 1979 (2). It remains the only one of the five hepatitis viruses that has been
unequivocally isolated and serially propagated in cell culture. Effective
inactivated whole virus vaccines have been developed. The first was licensed in
Europe in 1991 and two inactivated hepatitis A vaccines should be licensed in the
United States within the next 1 or 2 years.

Epidemiology

HAYV is commonly transmitted by the fecal—oral route, either by person-to-
person spread (the most common) or in common-source epidemics caused by
contamination of food or water. Viremia occurs during the incubation period and
the early acute phase of hepatitis A, and transmission by transfusion or recently
by contaminated commercial factor VIII (3) has been reported, but such blood-
borne transmissions are rare.

Virology

HAV is classified in the family Picornaviridae, genus Hepatovirus. Based
on genomic sequence heterogeneity, seven genotypes of HAV have been
identified, but one serotype comprises all of these (4). The
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infectivity titer of HAV in the feces may be as high as 10° infectious doses per
gram (5). Viremias lasting as long as several weeks and with titers as high as 10
infectious doses per ml of blood have been recorded (3, 5).

Clinical Characteristics

The incubation period of hepatitis A averages 25 days. Hepatitis A is
generally mild to moderate in severity, with a mortality rate of 0.2% or less, and
never becomes chronic. However, inapparent infection with shedding of virus
may persist for up to 6 months in neonates.

Changing Patterns

The epidemiology of HAV is highly influenced by personal and public
hygiene. Hepatitis A has diminished in importance over the past several decades
in developed and industrialized countries of northern and western Europe and
North America (6). A gradient from northern to southern Europe exists, in which
hepatitis A is almost nonexistent in Scandinavian countries but is still present,
albeit with diminishing importance, in the Mediterranean countries of Europe. A
similar pattern of diminishing incidence of hepatitis A has been seen in other
developed and transitional regions, including Australia, China, Japan, and Hong
Kong, but HAV infection remains highly endemic in many other regions of
Central and Southeast Asia, Africa, and Central and South America. As with
other picornaviruses such as poliovirus, infection of the very young is usually
inapparent, and disease becomes progressively more severe with increasing age.
Thus, as the mean age of infection increases with improved sanitation, clinical
hepatitis paradoxically becomes more apparent rather than less apparent.

In the United States, hepatitis occurred as recurring epidemics through the
1970s, with 7- to 10-year periodicity (7). When serologic tests for HAV infection
became available, HAV was identified as the principal cause of these epidemics,
and until the 1980s it remained the type of viral hepatitis most frequently reported
to the Centers for Disease Control. Since the last epidemic in the early 1970s,
HAYV has diminished in importance in the United States but recently has leveled
off and is still responsible for “30% of reported clinical hepatitis in this country
(8). The changing epidemiology of HAV is thought to be the result of better
sanitation, principally in the form of improved treatment of water and sewage and
improved personal hygiene. Consequently, the epidemiology of HAV has
changed from one of diffuse person-to-person spread to one of association with
specific high-risk groups. Thus,
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based on data from the Centers for Disease Control, international travel to areas
of HAV endemicity, exposure to very young children (often in the setting of
day-care facilities), drug abuse, and homosexual activity collectively accounted
for “50% of cases of hepatitis A studied (7). Not specifically listed but often cited
as a cause of hepatitis A is ingestion of raw or undercooked shellfish, the cause
of a massive epidemic of hepatitis A in Shanghai in 1988 (9). Approximately a
third of hepatitis A cases have no identifiable risk factor. Thus, hepatitis A has
become a more up-scale disease in the United States, with proclivities for
"yuppie" lifestyles, but it remains a serious endemic problem especially among
Native Americans on or near reservations in the western United States. Hepatitis
A in such settings accounts for much of the excess incidence of this disease in the
western states in recent years. It also is a periodic problem among native
populations in Alaska.

HEPATITIS B VIRUS

History

The first report of what must surely have been hepatitis B was that of
LUrman who reported on an epidemic of hepatitis that occurred in shipyard
workers in Bremen following vaccination against smallpox with glycerinated
lymph of human origin in 1883 (see ref. 1). Serum hepatitis (hepatitis B) rose in
importance in parallel with the increasing use of syringes and needles for the
treatment of syphilis during the first half of the 20th century. Similar disease
occurred in diabetics who were given insulin with improperly sterilized syringes
and needles. Epidemics of hepatitis, some quite large, followed the administration
of yellow fever vaccines that had been stabilized by the addition of human
serum. Eventually, the association of hepatitis B specifically with blood and
blood products was recognized and its distinctness from hepatitis A documented
in volunteer studies. Hepatitis B was first transmitted to laboratory animals (the
chimpanzee) in the 1970s. Although HBV has never been isolated and serially
propagated in cell culture in any practical system, the first hepatitis B vaccine
was licensed in the United States in 1981. This unique vaccine was prepared from
viral envelope protein [hepatitis B surface antigen (HBsAg)] that was purified
from the plasma of chronically infected individuals. Although safe and highly
efficacious, the plasma-derived vaccine was replaced with a recombinant vaccine
prepared in yeast, in part because the principal source of HBsAg-positive plasma
for the manufacture of vaccine was from the same population that subsequently
was at highest risk of contracting AIDS.
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Epidemiology

Transmission of HBV is principally by exposure to blood or blood products,
but transmission by unprotected sex (both homosexual and heterosexual) is also
common. In Asia, perinatal transmission from the infected mother to her offspring
is an important mode of spread, whereas horizontal transmission among very
young children is more important in Africa.

Virology

HBYV is classified in the family Hepadnaviridae, genus Orthoepadnavirus.
Based upon genomic heterogeneity, five genotypes of HBV have been identified,
but one serotype comprises all of these (10). The infectivity titer of HBV in blood
may be 10® or more infectious doses per ml (11). The virus has been found in
saliva and semen and this may contribute to its sexual transmission.

Clinical

The incubation period of hepatitis B averages 75 days. The disease is usually
moderate but may be severe, with a mortality rate of 0.2% to 2%. Disease is less
likely to be clinically severe but more likely to become chronic in the very
young: >90% of infected newborns develop chronic infection, and this
progressively diminishes to 6 years of age, when the adult chronicity rate of 2—-7%
is reached (12).

Changing Patterns

Since serologic tests for the detection of HBV infection were first applied in
the mid-1960s the incidence of hepatitis B progressively increased until the
mid-1980s, when it reached a plateau and began to decrease slightly, probably as a
result of intensive efforts to control the spread of human immunodeficiency virus
(HIV) in the same high-risk populations. Hepatitis B vaccine appears to have had
little impact on the incidence of hepatitis B (13). The rise in incidence of hepatitis
B during the 1960s, 1970s, and 1980s is believed to have been due principally to
changing lifestyles within components of the U.S. population. Specifically, the
increase in unprotected sex, both homosexual and heterosexual, and the rise in the
drug culture, especially the increased use of illicit parenteral drugs, are thought to
have been the most important factors in the spread of HBV. Thus, the more
recent epidemic of HIV infection among these high-risk populations is an echo of
the earlier epidemic of
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hepatitis B. It is not surprising that many researchers with experience in studying
HBYV made the transition to the study of HIV and its epidemiology early in the
epidemic of AIDS.

Other subsets of the population who were at high risk of acquiring hepatitis B
have fared better. Indigenous populations in Alaska, in whom the incidence of
hepatitis B was quite high, received universal pediatric and adult vaccination with
hepatitis B vaccine. A spectacular decrease in the incidence of hepatitis B has
been observed, demonstrating that control of this disease by immunoprophylaxis
is possible if carried out appropriately (14). Recipients of blood and blood
products were two other groups in whom hepatitis B was a serious risk. During
the 1960s, up to 10% of recipients of massive blood transfusion developed
transfusion-associated hepatitis B, and >80% of hemophiliacs were infected with
HBYV that contaminated commercial lots of pooled clotting factors. Conversion to
an all-volunteer blood donor population and mandated screening of donors for
serologic markers of HBV infection have virtually eradicated transfusion-
associated hepatitis B. Similarly, serologic screening, coupled with incorporation
of inactivation steps in the manufacture of commercial clotting factors, and
vaccination of hemophiliacs with hepatitis B vaccine have virtually eliminated
HBYV infection among this population. However, control of hepatitis B in the
general population of the United States will require universal vaccination in
addition to continuing efforts to interdict transmission of HBV within the
identified high-risk populations (13).

HEPATITIS C VIRUS

History

The existence of a third type of viral hepatitis was not appreciated until
1975, when the application of recently developed diagnostic tests for hepatitis A
and hepatitis B to stored samples of prospectively studied cases of transfusion-
associated hepatitis revealed that most of the cases were neither hepatitis A nor
hepatitis B (15). The proportion of such "non-A, non-B" (NANB) cases increased
from “65% before screening for HBV markers was instituted to >90% as HBV
carriers were excluded from the blood donor population (16). The "new" hepatitis
had an average incubation period of * 7—10 weeks, which is intermediate between
those of hepatitis A and hepatitis B and similar to the mean incubation period of
all cases of transfusion-associated hepatitis in the 1950s and 1960s, suggesting
that NANB hepatitis had also been the principal cause of transfusion-associated
hepatitis in the
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past (17). Although NANB hepatitis was transmitted to chimpanzees in 1978,
thus establishing its infectious nature, it was not until 1989 that the virus itself
was identified. Indirect evidence of the nature of the virus had been obtained by
experiments in chimpanzees: it had been shown to be inactivated by lipid
solvents and therefore was probably an enveloped virus, and its size had been
estimated at between 30 and 60 nm in diameter. However, in 1989 a small piece
of the viral RNA was reverse-transcribed, cloned, and sequenced, and this
resulted in the subsequent cloning and sequencing of the entire genome (18). The
virion was only recently tentatively visualized by electron microscopy (19).
Nevertheless, all of the viral proteins encoded by the HCV genome have been
expressed, and some of these serve as the basis for currently licensed serologic
tests for antibody to HCV.

Epidemiology

HCV is commonly transmitted via blood and blood products. Its
transmission by other routes, such as unprotected sex, perinatal transmission from
infected mother to offspring, etc., have been proposed but remain controversial
and probably of minor importance. However, >40% of cases of hepatitis C in the
United States have no recognizable risk factor (20).

Virology

HCV is classified in the family Flaviviridae, in a separate as-yet-unnamed
genus. Based on genomic sequence heterogeneity, 6 major and >12 minor
genotypes of HCV have been identified (21). The major genotypes differ from
one another to the same degree that other RNA viruses belonging to separate
subgenera differ; minor genotypes differ to about the degree that different
serotypes of other RNA viruses differ from one another. This suggests that
multiple serotypes of HCV exist, but the lack of a convenient in vitro assay system
and the failure to demonstrate lasting immunity following infection of
chimpanzees, even when the virus used for rechallenge is the same as the original
inoculum, suggest that serotypic variation is a prominent feature of HCV. The
infectivity titer of HCV in the blood may be as high as 10° infectious doses per
ml but is usually much lower, especially in cases of chronic infection, apparently
because of complexing of virus to antibody (22, 23). Detection by polymerase
chain reaction of HCV genomic RNA in other body fluids has been reported, but
it is unclear whether this represents infectious virus.
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Clinical Characteristics

The incubation period of hepatitis C averages 50 days. Acute hepatitis C is
generally a mild disease with a mortality rate of <1%. However, >50% of acute
cases progress to chronicity, and some of these will eventually progress to
cirrhosis or hepatocellular carcinoma or both.

Changing Patterns

Insufficient time has passed since its discovery for us to have a clear picture
of the ecology of HCV. Only “0.3% of the normal blood donor population of the
United States has antibody to HCV, but the prevalence of anti-HCV in inner city
populations may be >50-fold higher (24). The same inner city populations have
very high prevalences of antibody to HBV and HIV, undoubtedly reflecting the
high-risk lifestyles of these groups. However, since NANB hepatitis has been
reported as a separate entity beginning in the early 1980s, some trends in relative
importance of risk factors have emerged (25). Transfusion-associated NANB
hepatitis is virtually disappearing as a result of the current comprehensive
screening program that tests specifically for infections with HBV, HCV, and HIV
and excludes all who identify themselves as members of high-risk populations.
Intravenous drug use as a risk factor has also diminished in relative importance,
probably because of efforts to control AIDS in such populations. However,
control of NANB hepatitis (principally hepatitis C) in the general population will
probably require the development of effective hepatitis C vaccines and their
appropriate use.

The impact of hepatitis C in other countries is still being sorted out.
Hepatitis C virus has a worldwide distribution, but, surprisingly, the prevalence
of anti-HCV is on the order of 1% in most developed countries and <10% in
most developing countries to date. An exception is Egypt, where the prevalence
of anti-HCV is “10-20% (26). Much is yet to be learned about the ecology of
HCV. For instance, several of the genotypes of HCV have worldwide
distributions but others appear to be limited to certain regions or even countries
(21). A possible connection between certain genotypes of HCV and the clinical
course of infection has been reported but not confirmed. Similarly, certain
genotypes of HCV appear to be more susceptible to therapy with interferon than
others (27). Finally, coinfection, superinfection, and reinfection with different
strains of HCV probably occur as well as the emergence of genetic variants
(thought to be neutralization-escape mutants of the virus) over time in chronically
infected individuals (28-32). Thus, many of the same phenomena observed in
infections with HIV, another highly heterogeneous and mutable virus, have been
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observed in HCV infections. This bodes ill for the rapid development of an
effective hepatitis C vaccine, although the first successful steps toward vaccine
development have been taken (33).

HEPATITIS D VIRUS

History

The first evidence for the existence of HDV came in 1978 when a previously
unrecognized intranuclear antigen was detected by immunofluorescence in liver
biopsies from Italian patients with chronic HBV infection. First thought to be
another antigenic specificity of HBV, the antigen was eventually shown to be
associated with the capsid protein of a previously unrecognized virus,
subsequently called "hepatitis delta virus" (HDV) (34). The virus was shown to
be defective, requiring a helper function from HBV, probably because HDV is
enveloped with the envelope of HBV. The transmissible nature of HDV was
established in 1980 by transmission of the virus to HBV-infected chimpanzees.

Epidemiology

HDV is commonly transmitted by blood and blood products. Perinatal
transmission has been reported but is rare, probably because the perinatal
transmission of HBV is uncommon in regions where HDV is prevalent. HDV has
been found in indigenous populations of South America, Africa, and certain parts
of Central and Southeast Asia, where it has caused outbreaks of severe and often
fatal hepatitis. Its modes of spread in such indigenous populations are poorly
understood but may include inapparent exposure to blood and, in some cases,
sexual transmission. In developed countries, hepatitis D is largely restricted to
certain high-risk populations, principally users of illicit parenteral drugs.

Virology

HDYV is the most unusual of the hepatitis viruses. It does not resemble any
other known animal virus and has been classified with the plant virus satellites,
agents that are also related to viroids of plants. Based upon the genetic
heterogeneity of the agent's single-stranded circular RNA genome, three
genotypes have been described (35). It is not clear how many serotypes exist,
since the virus is enveloped with the envelope of HBV (HBsAg), from which it
probably takes its serologic specificity. HDV achieves extraordinarily high titers
(10" infectious doses per ml) in the blood of infected individuals (36).
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Clinical Characteristics

The incubation period of HDV averages 35 days. Disease may occur as a
coinfection with HBV or as a superinfection of a chronic HBV infection. In
either case, hepatitis D is usually severe, being associated in coinfections with
fulminant hepatitis and a high mortality and in superinfections with rapidly
progressive, often fatal, subacute or chronic hepatitis. Overall, the mortality rate
is 2-20%. Chronicity follows 1-3% of coinfections and 70-80% of
superinfections.

Changing Patterns

As with HCV, little is known about the long-term changes in the ecology of
HDV. Epidemics of severe hepatitis D in indigenous populations of Venezuela,
Colombia, Brazil, and Peru are only recent manifestations of a disease that has
been present for many decades as documented by retrospective analysis of stored
liver tissue and the recent demonstration that South American strains of HDV are
genetically different from other strains. In contrast, HDV has been introduced
relatively recently into the populations of developed countries. Specifically,
epidemics of hepatitis D appeared in populations of parenteral drug users in the
1970s in Norway, Sweden, Greece, and Australia and in the 1980s in Ireland and
Poland (37—41). HDV infection has also been prevalent in U.S. drug abusers at
least since the 1970s. However, unlike HBV and HIV, HDV has not spilled over
appreciably from illicit drug-user populations to sexually promiscuous
populations. Interestingly, hepatitis D has diminished in importance in the
general population of southern Italy, where its medical importance as a highly
endemic virus was first appreciated in the 1970s (42). Effective use of hepatitis B
vaccines should eventually control hepatitis D in parallel with the control of
hepatitis B, but individuals who are already chronically infected with HBV
(estimated at >300 million worldwide) will continue to be at risk of contracting
hepatitis D.

HEPATITIS E VIRUS

History

Hepatitis E was not recognized as a unique human disease until 1980, when
serologic tests for the diagnosis of hepatitis A and hepatitis B were applied to
stored clinical samples collected during waterborne epidemics of viral hepatitis in
India (43, 44). Among
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these was the massive epidemic of hepatitis that occurred in Delhi, India, in 1955—
1956 following contamination of a major water treatment plant with raw sewage.
The epidemic had been cited previously as a classical example of waterborne
hepatitis A, but the subsequent discovery that hepatitis A was highly endemic in
Indian populations, with HAV infecting almost 100% of the population by the
age of 5-10 years, made it difficult to accept that the Delhi epidemic and other
waterborne epidemics that occurred principally in young adults were caused by
HAV. Indeed, virtually 100% of stored serum samples from such epidemics were
found to contain IgG anti-HAV but not IgM anti-HAV—strong evidence for past
HAYV infection with resultant immunity and therefore evidence for the existence
of a previously unrecognized hepatitis agent as the cause of the epidemics. HEV
was first visualized in 1983 and transmitted to a human volunteer and
cynomolgus monkeys, thus establishing its etiologic role in enterically
transmitted NANB (ET-NANB) hepatitis (45). Because HEV could not be grown
in cell culture and the amount of virus recoverable from natural infections of man
or experimental infections of primates was quite small, progress in understanding
hepatitis E was slow. However, in 1990 the genome of HEV was cloned, and
viral antigens encoded by this RNA genome were expressed by recombinant DNA
technology (46). This resulted in the development of specific and sensitive
serologic tests that have permitted rapid expansion of our knowledge of the
epidemiology of this virus.

Epidemiology

HEV is transmitted by the fecal-oral route. Although it is best known from
waterborne epidemics of hepatitis E, it also accounts for much sporadic disease in
countries where it is endemic. Hepatitis E has a restricted distribution: disease
with the epidemiologic characteristics of hepatitis E has been found in much of
Central and Southeast Asia, northern and western Africa, and, to a limited extent,
in Mexico. However, the application of recently developed serologic tests has
revealed anti-HEV in every country in which it has been sought, including
developed countries in which the disease virtually does not occur. For example, 1—-
5% of normal blood donors in the United States have been found to be positive
for anti-HEV, a prevalence of antibody 10 times higher than that for anti-HCV
(47). It is not clear whether such antibody represents missed diagnoses of
hepatitis E, infection with an attenuated strain of HEV, antibody that cross-reacts
with an as-yet-unrecognized agent, or some type of nonspecificity of the existing
assays.
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Virology

HEV is presently unclassified. Its genomic organization most closely
resembles that of the caliciviruses, but it is not identical; the sequence of, for
example, the putative RNA polymerase gene of HEV more closely resembles
that of the togavirus-like polymerases than that of the caliciviruses and
picornaviruses (48). Based on genomic sequence heterogeneity, three genotypes
of HEV have been identified, but one serotype appears to comprise all of these.
The infectivity titer of HEV in feces probably does not exceed 107 infectious
doses per g, 2 orders of magnitude less than peak fecal titers of HAV. A viremia
occurs during the incubation period of hepatitis E, but the titer of virus present
has not been determined.

Clinical Characteristics

The incubation period of hepatitis E averages 40 days. Hepatitis E is a
mild-to-moderate disease in severity (mortality rate of 0.2—-1%) except in
pregnancy, where the mortality rate is progressively higher in each succeeding
trimester and may reach 20%. Hepatitis E appears never to become chronic.

Changing Patterns

The epidemiology and virology of hepatitis E suggest that HEV is less
readily transmitted than HAV, and recent seroepidemiologic data confirm this: in
populations where virtually 100% of the population was infected with HAV by
the age of 5-10 years, a relatively small proportion of the population in an
endemic region had anti-HEV (V. A. Arankalle, S. A. Tsarev, M. S. Chadha, D.
W. Alling, S. U. Emerson, K. Banerjee, and R.H.P., unpublished data). The
relatively low prevalence of anti-HEV in at-risk populations could explain the
recurring epidemics among young adults. The study cited above took place in a
population in which neither HAV nor HEV was diminishing in importance over
time. However, it is likely that in transitional populations in which HAV is
diminishing in importance, HEV, if ever present, diminished in importance at an
earlier date. Some epidemiologic evidence for this comes from a review of the
early literature on epidemic hepatitis during the last century (49). Such reports of
epidemic hepatitis in Europe and elsewhere described a disease afflicting
predominantly young adults and associated with fulminant hepatitis in pregnant
women. As we have seen, age-specific antibody profiles of HAV in many
countries now industrialized point to a prevalence of anti-HAV that may have
been
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virtually 100% during the last century. It is possible, therefore, that "infective
hepatitis," occurring as sporadic and epidemic cases among adults in Europe and
elsewhere before the 20th century, may have actually been hepatitis E, not
hepatitis A, as has been supposed. It will be important to determine age-specific
antibody profiles for populations of currently industrialized countries to
determine if this can be confirmed and to determine if the anti-HEV currently
detected in such populations represents the traces of a former time.

More recent interactions between changing human culture and HEV were
seen in epidemics of hepatitis E that occurred among refugees living under
substandard conditions in Ethiopia and Somalia in the 1980s (50). Those
epidemics could be traced directly to overcrowding, substandard living
conditions, and nonexistent sanitation. Such epidemics are likely to occur in the
future if HEV is introduced into similar environments that are conducive to
explosive spread of fecal-orally transmitted viruses. It was surprising, for
example, that hepatitis E epidemics did not occur during the recent Gulf war,
since the Norwalk agent, a fecal-orally transmitted calicivirus, did cause
significant disease. Perhaps only the absence of HEV from the war zone
prevented an epidemic.

INTERACTIONS OF THE HEPATITIS VIRUSES

Not only do changes in the culture of populations alter the epidemiology of
the hepatitis viruses, but interactions among the viruses and their hosts further
modify the ecology of viral hepatitis. The obligatory interaction between HDV
and HBV, leading to much more severe disease, also results in suppression of
replication of HBV by mechanisms that are not completely understood but may
be related to the expression or action of interferon (51). Similar suppression of
replication of HBV by HAV and HCV has been reported and dual infections of
hepatitis viruses are thought usually to result in more severe disease than single
infections. One example of this is an epidemic of severe, in some cases fatal,
hepatitis B that occurred in Edinburgh, Scotland, in 1969-1970 (52). Long an
enigma because other similar blood-borne epidemics of hepatitis B had not
resulted in such catastrophic outcomes, the reason for the severity of this outbreak
has been doggedly pursued by one of the original investigators, B. Marmion.
Over the years, a variety of possible explanations, including coinfection with
HDV, were ruled out. Recently, Marmion and his colleagues have provided
convincing evidence that the severe hepatitis B in Edinburgh was associated with
dual infection with HCV (B. Marmion, personal communication).
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OTHER HEAPTITIS VIRUSES

Approximately 10% of transfusion-associated hepatitis and 4% of
community-acquired hepatitis in the United States cannot be ascribed to any of
the five recognized hepatitis viruses. It has been proposed that these cases may be
caused by a previously unrecognized hepatitis virus, but attempts to transmit an
agent from such patients to primates have yielded equivocal or negative results.
Additional studies must be carried out to determine whether these cases are
indeed caused by a new agent or whether their etiology may be noninfectious.

More convincing evidence for an additional, waterborne hepatitis agent has
come from recent studies in Asia, where at least two waterborne epidemics of
hepatitis appear not to have been caused by any of the recognized hepatitis
viruses (53, 54). Thus, the epidemiology of viral hepatitis continues to evolve.

CONCLUSIONS

In summary, changes in human culture have had profound effects on the
epidemiology and public health impact of the hepatitis viruses. In some cases,
this has been a positive influence; in others it has been negative. For example,
progressive improvement in public and personal hygiene over the last century has
diminished the medical importance of hepatitis A and, possibly, at an earlier
time, hepatitis E. Lapses in sanitation, through war, such as happened in Somalia,
or through changing social mores, as has happened among certain groups in the
United States, has resulted in increased disease caused by the fecal-orally
transmitted hepatitis viruses, confirming the need for constant vigilance.

Similarly, increased sexual promiscuity, whether homosexual or
heterosexual, and increasing use of illicit parenteral drugs has resulted in
infection with the blood-borne hepatitis viruses in epidemic proportions. These
epidemics were the forerunners of the current HIV epidemic. In most cases, these
changes could have been predicted by simple epidemiology, had we the
knowledge about the viruses that we now possess. However, preventing
outbreaks of disease that are caused by changes in behavior patterns has never
been simple or effective, and making an impact on ongoing disease by methods
that rely upon changing the behavior of at-risk populations is a difficult and
frustrating chore. It is one of the reasons why vaccines, although initially
expensive, prove in the long run to be among the most cost-effective of all
medical interventions.
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SUMMARY

Viral hepatitis is a disease of antiquity, but evidence for more than one
etiologic agent has been recognized only since the 1940s, when two viruses
(hepatitis A virus and hepatitis B virus) were thought to account for all disease. In
the past 20 years, three additional hepatitis agents (hepatitis C virus, hepatitis D
virus, and hepatitis E virus) have been discovered, and there is evidence for at
least one additional virus. Each of the five recognized hepatitis viruses belongs to a
different virus family, and each has a unique epidemiology. The medical impact
of these viruses on society has been strongly influenced by changes in human
ecology. This has resulted in some cases in diminished disease and in others in
increases in the incidence of disease.
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Population Migration and the Spread of
Types 1 and 2 Human Immunodeficiency
Viruses

THOMAS C. QUINN

It has been more than a decade since the recognition of the first cases of the
acquired immunodeficiency syndrome (AIDS), and during this time AIDS has
rapidly become a global pandemic with one million cases officially reported from
173 countries (1). Because of underreporting in many areas, the World Health
Organization estimates that over 2.5 million cumulative AIDS cases and 1 million
deaths have occurred to date (Figure 1). However, the impact of the AIDS
epidemic is even greater when one considers the magnitude of spread of the
human immunodeficiency viruses (HIV). From selected seroprevalence studies
and mathematical models, it is now estimated that 16 million people are infected
with HIV (Figure 1). Of these individuals, 9 million are men, 6 million are
women, and 1 million are infants and children. Two-thirds of all estimated AIDS
cases to date have occurred in sub-Saharan Africa, but more recently, HIV
infection has increased rapidly in Southeast Asia, with over 2.5 million
cumulative HIV infections estimated to have occurred within the last 5 years. It is
within these developing countries that HIV will clearly have its greatest impact
on morbidity and mortality, as well as having profound economic and social
consequences.

In some urban centers of sub-Saharan Africa, Western Europe, and

Thomas C. Quinn is senior investigator, Laboratory of Immunoregulation, National
Institute of Allergy and Infectious Diseases, Bethesda, Maryland, and professor of
medicine and international health, Johns Hopkins University, Baltimore, Maryland.
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the Americas, AIDS has already become the leading cause of death for both men
and women aged 15—49 years (2—4). It has been estimated that the HIV pandemic
may have already resulted in the death of nearly 750,000 children worldwide and
that, by the year 2000, 10 million children under 15 may be orphaned because of
the premature death of HIV-1-infected mothers and fathers from AIDS (5).
Overall infant and child mortality rates will increase as much as 30% more than
previously projected as a direct consequence of perinatal HIV infection.
Consequently, pediatric AIDS is now threatening much of the progress that has
been made in child survival in developing countries during the past 20 years.
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FIGURE 1 Estimated global distribution of HIV-1 infections by region. Data are
from the World Health Organization (1).
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While the origin of HIV infection remains an enigma, several factors have
been hypothesized to be responsible for the eventual spread of HIV. Historically,
from retrospective serologic studies it is evident that HIV existed in humans as
early as the late 1950s, although it did not become epidemic until nearly 20-30
years later (6). One hypothesis is that the migration of individuals from areas of
low endemicity to new uninfected areas was eventually responsible for
dissemination of HIV throughout the world. This was by no means a rapid event
but probably occurred over a 40-year period. Unfortunately, because of the lack
of vaccine or effective antivirals, it is inevitable that further dissemination will
still occur from established indigenous transmission resulting in an escalation of
the epidemic over the next decade. The World Health Organization now
estimates that as many as 40 million people will be HIV-infected by the year
2000 (7).

This paper will review the conceptual issues regarding the migration of
populations with its associated social changes in certain regions as a major force
responsible for the eventual dissemination of HIV infections worldwide. Because
data are limited on the frequency and size of
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population movements, and in particular in reference to HIV infection, no
definitive conclusions can be made regarding the origins of HIV; rather, these
concepts are presented to provide a better framework to understand the
behavioral and demographic changes responsible for the AIDS epidemic.

TABLE 1 Factors contributing to population migration in sub-Saharan Africa

1. Political instability: 75 military coups in 30 countries

2. Environmental degradation from population pressure, bad land use, weather
changes, etc.

3 Natural disasters such as flooding and earthquakes

4.  Pursuit of productive employment

5 Artificial boundaries established by colonists, which ignored cultural and ethnic
boundaries

6.  Decline in the effect of religion on population migration

Adapted from ref. 9.

MIGRATION OF POPULATIONS: DEFINITIONS

Migration is the movement of people in space, often involving a change in
the usual place of residence (8). Internal migration is such a movement within
national boundaries, whereas international migration involves movement of
individuals across political boundaries. Because migration is a continuous, often
repeated process rather than a single event, it is often difficult to measure.
Migration is further defined in terms of movement in time. The principal
distinction is between circulation—i.e., involving repetitive, nonpermanent
moves such as daily commuting and other short-term mobility—and definitive
migration (8). Periodic movements are mostly short term, whereas seasonal
movements have a regular annual rhythm. Long-term circulation involves an
absence of more than 1 year but with expectation of return. Definitive migration
by contrast implies a permanent movement away from one residence with little
indication of return visit. Some examples of internal migration include rural—
rural, rural-urban, urban—rural, and urban—urban, each with its own characteristic
features and consequences (Table 1).

AFRICA

Following independence in the 1960s, many African countries experienced
dramatic demographic changes, which may underlie the movement of HIV
infection from potentially remote areas to more populous
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areas. One of the most important types of migration during this period represented
rural-urban movement, which was significant in the long-term spatial
redistribution of populations. The number of cities with more than 500,000
inhabitants rapidly increased from 3 in 1960 to 28 by 1980 (10). Though the total
urban population in sub-Saharan Africa increased substantially, the average
growth rates did not. Between 1965 and 1985 the proportion of the total
population living in urban areas in southern Africa rose from 43% to more than
50%; in middle Africa, from 21% to 35%; and in western Africa, from 17% to
29% (Figure 2) (8, 10). The least urbanized subregion, eastern Africa, has
experienced increased urbanization, though the urban proportion has stayed less
than 20%, rising from less than 10% in 1965. By year 2000, the projected
proportion of people living in urban centers is expected to exceed one-third of the
national populations in all regions except eastern Africa. As a consequence of
urbanization, the crude population density increased in every country for which
data are available, averaging greater than a 100% increase (8).
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FIGURE 2 Proportion of total population living in urban areas in sub-Saharan
Africa from 1965 to 2000 (9, 10).

Unlike much of the industrialized world, where urbanization followed
industrialization, urbanization and industrialization have largely taken place
independently in sub-Saharan Africa. As a result, employment was frequently
unavailable within these centers. Demographically, the migrants tended to be
young adult males who have a higher level of educational attainment than those
who do not migrate. Women were not encouraged to migrate but later were
forced to migrate to the urban
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centers for economic reasons. Unfortunately, because of the large number of
migrants to the urban centers, unemployment and social disruption became
common, and many individuals reverted to commercial sex for a means of
survival (9). During this period, health officials noted marked increases in
sexually transmitted diseases (STDs), including HIV-1 infection, within the urban
centers.

One of the first studies to suggest migration of HIV-1 from a rural setting to
an urban center was based in Zaire. In 1985 Nzilambi et al. (11) tested sera for
HIV-1 that had been previously collected in 1976 during an Ebola hemorrhagic
fever outbreak in the remote Equateur province of Zaire. Five (0.8%) of 659
specimens were positive, and HIV-1 was isolated from one of these. Follow-up
investigation 10 years later revealed that three of the five seropositive persons had
died of illnesses suggestive of AIDS and that two remained healthy but
seropositive. In 1986 the seroprevalence was unchanged at 0.8% among 389
randomly selected residents in the same area. However, the seroprevalence of
HIV-1 was 11% in 283 prostitutes in nearby cities. Similarly, a 10-fold increase
in prevalence was documented in pregnant women between 1970 and 1980 in
Kinshasa. The authors concluded that HIV infection was endemic and
demonstrated long-term stability in residents of rural Zaire but that urbanization
with its attendant social changes may have promoted the spread of AIDS in
Africa.

A cluster sampling technique was used to document the difference in rural
and urban HIV infection in other countries of Central and West Africa (Figure 3)
(12). The results of these studies have shown HIV prevalence rates below 1% in
rural areas, with infection rates in the urban centers considerably higher. In
Rwanda the HIV seroprevalence was 17.8% (14.3—21.2%) in an urban sample of
1870 and 1.3% (0.5-2.2%) in the rural sample of 742 individuals. More recent
data, however, suggest that significant rates of infection are now occurring in
rural areas due to return migration and other factors (14).

Other examples of population migration and spread of HIV are discussed
below. Currently in Uganda there are an estimated 1 million HIV-infected
individuals or 6% of the entire Uganda population. Three principal hypotheses
have been proposed to explain the evolution of the AIDS epidemic and its
distinct distribution throughout Uganda (15). In the "truck town" hypothesis, it
has been proposed that the geographic distribution of HIV and AIDS reflects a
diffusion process in which major roads act as principal corridors of virus spread
between urban areas and other proximal settlements (16, 73). Truck drivers along
these routes and commercial sex workers have been cited as potential vectors for
the dissemination of HIV. In one study of 68 lorry drivers and their assistants, 24
(35.2%) were found to be HIV-infected (74). Epidemiologic
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evidence demonstrated a wide travel history involving seven different countries
served by the port of Mombasa, including Kenya, Uganda, Zaire, Burundi, and
Rwanda (17, 75). Second, the "migrant labor" hypothesis proposed that HIV
diffused from areas of labor demand in urban areas to areas of labor supply in
rural districts through a process of return migration (18, 19). A third hypothesis
suggested that the dissemination of HIV-1 in Uganda correlated with ethnic
patterns of recruitment into the Ugandan National Liberation Army after the
overthrow of Idi Amin some 10 years earlier in 1979 (15, 20). In fact, probably
all three hypotheses together help explain the spread of HIV within Uganda.
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FIGURE 3 HIV-1 seroprevalence by age in urban and rural samples in Rwanda
and Zaire (12, 13).

In addition to the movement of truck drivers and the military, female
prostitutes, well recognized as a high-risk population for HIV infection, are also
highly mobile. These women will frequently move from one locality to another
due to economic pressures. For example, in South Africa, the migrant labor
system created a market for prostitution in mining towns and established
geographic networks of relationships within and between urban and rural
communities (21). Industrialization, particularly the rapid growth of the mining
industry with the migrant labor system it created, led to an epidemic of STDs
among these populations (18). Gonococcal infections and syphilis have been
documented in 10% and 17% of mine workers, respectively. Depending on the
country of origin, HIV prevalence has varied from a low of 0.08% in residents of
South Africa to as high as 17.8% in migrants from Malawi.
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Women who provide migrant mine workers with sexual services also come
from socially and economically marginalized groups in rural and urban areas,
many of whom also have a high rate of HIV infection and STDs, further
potentiating the spread of both. These data illustrate one end of the spectrum of
behavior where multiple partners and frequent partner change are common. This
group may represent a "core" population involved in high-risk activity that acts as a
major carrier of HIV (22).

THE EFFECT ON DEMOGRAPHICS

The population pyramid in most African countries is symmetrical with a
broad base and quite distinct from that observed in developed countries (23, 24).
Interestingly, in urban areas one finds a prominent one-sided bulge caused by the
migration of young males (age 18-35) into the cities for employment (Figure 4).
The prevalence of HIV infection in urban populations is highest in the 25- to 35-
year-old bracket among males and in the 15- to 25-year-old bracket for females
(13). This difference is due to the fact that on the average sexual partnerships are
formed between older men and younger women. The distortion of the urban
population profile caused by male migration results in an overall 1:1 female-to-
male prevalence ratio of infection. However, as the epidemic spreads into the
larger rural population, the absolute size of the most severely affected younger
female population is larger than the size of the older male population, which
eventually results in a higher number of infections in women. This excess in
female morbidity from HIV infection has important implications for the social
and economic role of women in society (13, 23-26). It also adds fuel to an
emerging epidemic of pediatric AIDS.

HIV-2 AND WEST AFRICA

By 1986, HIV-2 infection was recognized among high-risk groups in West
Africa. While related to HIV-1 in terms of morphology, cell tropism, and overall
genetic organization, HIV-1 and HIV-2 differed significantly in terms of
nucleotide sequences, with only 42% homology (27, 28). These genomic studies
further demonstrated that HIV-2 had 70% or more homology with the simian
immunodeficiency virus, suggesting that HIV-2 may be evolutionarily more
closely related to the simian immunodeficiency virus, a nonhuman primate
retrovirus, than to its other relative, HIV-1. A common ancestor with similar
properties and pathogenic potential may have existed a long time ago, and the
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emergence of the AIDS epidemic was more likely a result of simultaneous
modifications of epidemiologic parameters in West and Central Africa, such as
rapid urbanization, leading to the infection of larger populations with HIV-1 and
HIV-2 (14, 26, 29).

International migration across national boundaries also played a role in the
movement of populations and HIV-2 infection from one country to another. Of
the 35 million sub-Saharan African migrants, ~5.4 million are officially
recognized refugees (29, 30). International migrants include those seeking
employment, family members accompanying or joining those who have migrated
before them, and people seeking refuge from drought, famine, political
upheavals, or military conflicts. The highest concentration of migrants is found in
western Africa, an area that migrants have considered as an economic unit where
trading goods and services flowed freely, as did people (29). Over the past two
decades, Cote d'Ivoire has become a major center for migrants from Burkina
Faso, Mali, Guinea, Ghana, Niger, and elsewhere. Foreigners who were 22% of
the total population in the 1975 census are now nearly 30%, giving Cote d'Ivoire
by far the highest concentration of foreigners in sub-Saharan Africa (29). The
second highest concentration is in Gambia, where migrants, who are about 11%
of the total population, include individuals from Senegal, Guinea, Guinea-Bissau,
and Mali. Interestingly, migration to Nigeria has also increased substantially
during the 1980s as a combined result of Nigeria's oil boom and the protocol on
freedom of movement signed in 1980. The majority of migrants were from
Ghana, Togo, Benin, Niger, and Chad.

Serologic surveys for HIV-2 have demonstrated high rates of infection
among several countries of West Africa. Moderate to high rates of infection have
been found in urban areas of Senegal, Guinea-Bissau, Guinea, Burkina Faso,
Ivory Coast, Gambia, and Cape Verde (31-36). Interestingly, significant rates of
HIV-2 infection have been reported in Angola and Mozambique, two countries
located in southern Africa (33). These countries were formerly Portuguese
colonies and maintain ongoing relationships with countries in West Africa such
as Guinea-Bissau and Cape Verde, which were also Portuguese colonies. In
contrast, HIV-2 has rarely been reported from other countries of Central Africa.
In Guinea-Bissau and Gambia, HIV-2 is prevalent and HIV-1 is rare. In Ivory
Coast and Burkina Faso, HIV-2 and HIV-1 are both present in an appreciable
proportion of the population.

Differences in these patterns of infection are likely to be consequences of
different types of interrelations and contacts within West Africa, where HIV-2
predominates, and between West Africa and Central Africa, where HIV-1
predominates. In general, it seems likely that the migration of sexually active,
high-risk populations played a major role in
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the observed spread of these sexually transmitted viruses in these countries. One
example is seasonal migration of young men and women in Senegal and Gambia.
In one study by Pison et al. (37), of 3230 persons residing in rural Senegal, 0.8%
were HIV-2 and 0.1% were HIV-1 seropositive. Seropositivity was directly
associated with seasonal migration, history of blood transfusion, injections, and
STDs.

In a study by Kanki er al. (38), of 278 female prostitutes from Ziguinchor,
Senegal, HIV-2 seroprevalence was associated with women of Guinea-Bissau
nationality and increased years of sexual activity. The acquisition of either HIV
infection may have occurred in Senegal or in their country of origin. In addition,
Ghanian and Gambian prostitutes report that they migrate and work in a number
of other West African countries (39, 40), such as Burkina Faso, Ivory Coast and
Mali, all countries with significant HIV-2 prevalence.

Within the last few years, investigators have noted the introduction of both
HIV-1 and HIV-2 infection among certain high-risk populations in Nigeria.
Although relatively spared during the early 1980s, several surveys have
documented increasing rates since 1990 throughout Nigeria (41, 42). This is of
critical importance since the population in Nigeria, estimated at 110 million
people, represents 25% of the total population of sub-Saharan Africa. In one
recent study by Dada et al. (42), 12.3% and 2.1% of 885 females prostitutes were
infected with HIV-1 and HIV-2, respectively, a rise from a combined prevalence
of only 1.7% 2 years previously. Women in the youngest age group, age 1219,
had the highest prevalence (20%). Furthermore, HIV-2 infection was significantly
associated with low socioeconomic class and non-Nigerian nationality. The
finding that both HIV-1 and HIV-2 are present in this population suggests that
both infections are spreading within Nigeria but at differential rates. Foreign
female prostitutes may represent one group responsible for the introduction of
HIV-2 into Lagos. In addition, prostitutes residing in the port area of Lagos,
which serves as a major convergence of overland and sea routes within and
outside Nigeria, had the highest prevalence of HIV-1 infection. The federal
highway region that is traversed by the overland interstate highway also had high
rates. Because Lagos is the largest cosmopolitan city in Africa, there is constant
migratory movement of people into and out of Lagos and a major trade center,
thereby providing opportunity for further HIV dissemination.

SPREAD OF HIV-2 OUTSIDE OF WEST AFRICA

Because HIV-2 infection has been relatively confined to West Africa, its
appearance in other areas generally reflects epidemiologic links to West Africa.
The greatest number of cases have been reported in
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Portugal, France, and Germany (31-34). The cultural and economic ties between
Portugal and its former colonies may have enhanced the spread of HIV-2 to
Europe and possibly to Brazil, a former Portuguese colony (43). Although most
countries can link the presence of HIV-2 within their country to ties with West
Africa, France and Portugal now report HIV-2 infection among the indigenous
population (32, 34). In Portugal, 60% of HIV-2 cases are no longer directly linked
to West African contacts. In France, 13% of cases are not directly linked to West
Africa.

In the United States, the first reported case of AIDS caused by HIV-2 was
reported in December 1987 in a West African residing in the United States (44).
The number of HIV-2 infections documented in the United States has since risen
to 32 (45). In all cases for which a history has been available, the infected
individuals have previously lived in West Africa or have been sexual partners
from that region. Geographically, 28 of the 32 persons with HIV-2 are from the
northeastern United States. Thus far, there have been no cases of HIV-2 among
i.v. drug users or homosexual men. Nevertheless, because of its presence, the
Food and Drug Administration recommended in June 1992 that all blood
donations should be screened for both HIV infections (46).

Reports from India now suggest the appearance of HIV-2 infection
predominantly in the Maharashtra state, particularly Bombay and Pune (47, 48).
Several studies have suggested that HIV-2 may represent between 3% and 7% of
all HIV infections in Bombay. In other studies in Maharashtra State, HIV-2
infection, while noted, has not increased appreciably during the past 3 years.
Genetic sequence analysis of these strains of HIV-2 has not been completed, and
their linkage to West Africa, while suggestive, needs further evaluation.

HIV-1 IN THE AMERICAS

The United States has the highest number of reported AIDS cases
worldwide, with over 339,000 cases and nearly 200,000 fatalities as of October,
1993 (49). During the 1980s HIV infection emerged as one of the leading causes
of death in the U.S. In 1992, HIV infection was the leading cause of death among
men aged 25-44 years and the fourth leading cause of death among women in
this age group, accounting for 19% and 6% of deaths, respectively (2). In 1992,
heterosexual contact accounted for the largest proportionate increase in AIDS
cases compared to 1991 (17.1% in reported cases) (Figure 5). The proportionate
increase in cases attributed to heterosexual contact was greater for men (26.3%)
than for women (11.5%); however, women accounted for most persons infected
through heterosexual contact (15.9%) (49). The second largest proportional
increase was in perinatal transmission (13.4%). In 1992 the
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number of AIDS cases among women infected through heterosexual contact
exceeded those infected through i.v. drug use for the first time.
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FIGURE 5 Proportional change in AIDS cases reported to the Centers for
Disease Control for 1992 compared to cases reported in 1991, by HIV exposure
category (49). IVDU, i.v. drug users.

While anecdotal cases of sexual clusters have been documented, rapid travel
within the United States soon blurred any strong epidemiologic associations with
travel. However, there are situations in the United States that are similar to the
issues of migration described for Africa, which fueled the spread of HIV in the
rural areas of the United States. One area that can be used as an analogy to the
migrant workers in Africa is Belle Glade, Florida (50, 51). Between 1985 and
1988 alone, the prevalence of AIDS in Belle Glade quadrupled from 188 to 806
cases per 100,000 persons. Most of the spread of HIV was related to sexual
intercourse, i.v. drug use, and low socioeconomic status. Socioeconomic
conditions seen among the migrant population of Belle Glade date back for the
past 50 years and are responsible for epidemics of STDs. Crowded living
conditions, poverty, varying access to health care, and other resulting factors
promote HIV transmission in Belle Glade much as they did syphilis 50 years
before (50).

In a study in rural South Carolina (52), 25 (13%) of 198 migrant workers
were HIV antibody positive and 32 (16%) had a reactive serologic test for
syphilis. Of 166 workers who reported the frequency of condom use, 77 (46%)
indicated they never use condoms. Similar to Belle Glade, rural South Carolina
migrant workers also demonstrate behaviors that place them at risk for HIV
infection and other STDs. In
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one study in North Carolina in 1987, 2.6% of 426 migrant workers were HIV
seropositive (53). Persons positive for syphilis had higher rates of HIV infection
(5.6%) than those who did not (2.2%). Estimates of the prevalence of HIV
infection in other migrant and seasonal farm workers are limited. The transience
of this population makes it difficult for health care workers to assess the health
status of these persons, who frequently do not have access to health care.

In the Americas outside of the United States, HIV-1 infection has been
predominantly documented among homosexual/bisexual men who initially had
sexual relations with individuals from the United States. Subsequently indigenous
transmission has evolved, and there is increasing evidence for heterosexual
transmission within many Latin American countries (54). One aspect of HIV
transmission throughout the region has been the documented high rate of
infection among female prostitutes who provide their services in different
countries. In one study of 80 international prostitutes who traveled to 27
countries, 38 (49%) were HIV seropositive, which was considerably higher than
that of the general population (1%), homosexual men (10%), or local prostitutes
(2%) in Dominica, their country of origin (55). In view of the low prevalence of
HIV in nontraveling Dominican prostitutes, these women were probably infected
outside of the country. Nevertheless, many of them returned to their home,
resulting in further spread within their home country.

HIV INFECTION IN SOUTHEAST ASIA

HIV was introduced relatively late into Asian countries. The first few cases
of HIV infection were not documented until 1985, and it was not until 1988—-1990
that the transmission of HIV escalated to epidemic proportions (56). A 1985
serosurvey of 600 individuals in Thailand including prostitutes, i.v. drug users,
and STD patients revealed a very low HIV-1 seroprevalence (<0.5%) (57, 58).
However, by 1988 HIV-1 began to spread rapidly among i.v. drug users to a
prevalence of 40%. Seroconversion rates were as high as 3—-5% per month (59).
This wave of the HIV epidemic in i.v. drug users appeared to be followed by one
among female prostitutes. The National Sentinel Survey conducted 1 year after
the spread of HIV among i.v. drug users showed that about 44% of lower-class
prostitutes in Chiang Mai were infected with HIV-1 (56). Nationally, the HIV
seroprevalence among prostitutes increased steadily from 3.7% in 1989 to 15% in
1991 (Figure 6) This was followed by successive waves of transmission into male
clients of the prostitutes and from them into the wives and girlfriends of these
men in the general population. Based on the current available data, it is estimated
that there
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are 450,000 HIV-infected persons in Thailand, or 0.8% of the Thai population of
55 million (56). If this rate of HIV transmission continues, there will be 2—4
million cumulative HIV infections by the year 2000 (7).
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FIGURE 6 Seroprevalence rates among commercial sex workers in Thailand and
India from 1986 through 1992 (data from Center for International Research,
United States Bureau of the Census).

Factors that contributed to HIV transmission included Thailand's
commercial sex industry, international tourism, and i.v. drug use. The majority of
commercial sex workers are 16- to 24-year-old females from poor, rural areas
who enter the activity to remit money back to parents and siblings. Temporary
affiliation with commercial sex trade has gained legitimacy in poor regions as a
means of addressing the indebtedness of rural families (60). The circulatory
nature of rural-urban migration as well as the substantial patronage of the sex
industry by international tourists fueled HIV transmission throughout Thailand
and neighboring countries. Similar factors are involved in the spread of HIV
among i.v. drug users. Poverty in the rural regions leads to dependence on the
opium trade, and opium consumption became an integral part of the East Asian
culture. When opium was banned in 1958, heroin injection became widespread.
It is not known epidemiologically how and from where HIV originally entered
the country because of the large amount of international travel by both foreigners
and Thai nationals to and from all regions of the world. In 1989 alone, Thailand
recorded 25,573 tourist arrivals of residents of Africa, 340,011 from the
Americas, and 1.1 million from Europe (61).

Genetic analysis of strains isolated from individuals in Thailand recently
enabled investigators to epidemiologically link two distinct
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genotypes of HIV-1 (62, 63). Of 29 sexually infected patients, 25 (86%) had
HIV-1 strains of genotype A and 4 (14%) had genotype B (62). Among 29 i.v.
drug users, only 7 (24%) had genotype A and 22 (76%) had genotype B. This
segregation is unlikely to have arisen by chance (P < 0.001). No patient was
found to have dual infection. Nucleotide divergence averaged 3.4% among
genotype A-infected patients and 3.5% among genotype B-infected patients, but
it averaged 22% between the genotypes.

The low nucleotide divergence among people infected with the same HIV-1
genotype in Thailand is consistent with epidemiologic findings that widespread
HIV transmission in Thailand has occurred only since 1988. This genetic
homogeneity contrasts profoundly with the substantial diversity among HIV-1
strains from infected people in all other countries reported so far (62). The high
nucleotide divergence between these two genotypes also suggests that the two
variants resulted from separate, independent introductions into Thailand and that
they did not evolve from a common progenitor virus already present in the
country. Evolution from a common ancestor with an annual divergence of 0.5-
1.0% in the C2-V; region of the env gene would have taken a minimum of 20
years (64). A continuous spectrum of intermediate strains would also be
expected.

One possibility for the association of these two genotypes with behavior may
be biologic—i.e., that genotype A is more efficiently sexually transmitted
whereas B is more efficiently transmitted parenterally. Another possibility is that
these associations are purely epidemiologically linked, demonstrating the
introduction of a genotype into one high-risk group, which is distinct from
another risk group in which a second genotype has been introduced. The presence
of these two major distinct HIV genotypes in Thailand provides a unique
opportunity to study the transmission efficiency of these strains (62, 63).

Similar increases in HIV infection have also been documented in India and
Myanmar. In the northeast Indian state of Manipur, none of 2322 i.v. drug users
seen from 1986 to 1989 were seropositive for HIV. However, the rate increased to
54% during the period October 1989 to June 1990 (65). In Bombay, HIV
seropositivity rates among prostitutes increased from 2% in 1988-1989 to nearly
40% in 1991 (Figure 6). In Vellore, the HIV seroprevalence among prostitutes
increased from 0.5% in 1986 to 34.5% in 1990 (66). These marked increases of
HIV in India are of concern since India is the most densely populated country in
Asia with 858 million people. an estimated 1.0 million people have already been
infected in India within the past 6 years, and if unchecked this number could
increase dramatically, exceeding even the number of HIV infections in Africa. As
is the case in Thailand, it is not entirely clear how
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HIV was introduced into India, although it is apparent that high rates among
prostitutes were established rapidly in the port city of Bombay, and high rates of
HIV infection among i.v. drug users were documented in Myanmar, part of the
"golden triangle" for heroin exportation (65).

Genetic sequencing similar to that described for Thailand has also been
carried out on infected patients from Bombay and Goa. Several isolates appear to
be related to a South African "clade C" strain and others to the Thai "clade E"
strain (67). This is not surprising since there are strong cultural and educational
ties between South Africa and India, and workers migrate between Thailand and
India. As in previous reports the sequences within each clade were found to be
quite homologous to each other, suggesting a recent and fast-spreading epidemic.
From these preliminary data, it is likely that HIV infections will continue to
increase throughout the next decade in Asia. The annual number of HIV
infections by the year 2000 will far exceed that seen in sub-Saharan Africa.
Projections are that in India 3 million people may be infected by 1996 and 20
million by the year 2000 (7).

LEGAL RESTRICTIONS

Whether real or imagined, the threat of increased risk of spreading HIV
infection and AIDS through international population movements has resulted in
restrictive reactions by some governments (68, 69). However, mandatory
screening of international travelers is unlikely to reduce the rate of spread of HIV
within countries. This would be true even for a country that has no HIV
infection, assuming that the nationals traveling abroad would have to be
readmitted even if they tested positive. The dilemma of how to protect
simultaneously the public health and the rights of individuals and social groups
believed to threaten public health is not easily resolved. Policies that would
restrict international movement or discriminate against travelers to prevent the
spread of HIV do not address the real problems facing the control of HIV
infection worldwide (69).

CONCLUSIONS

While intense educational efforts need to be focused on behavioral change
as one key to preventing further spread, fundamental social change will be
required if AIDS control efforts are to succeed. The migration of poor, rural,
sexually active young people to urban centers in the Third World clearly played a
role in the dissemination of HIV and other infectious diseases. Major causes of
such population movement such as migrant work and/or political repression are
social problems
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that extend well beyond the behavioral factors that result in interpersonal spread
of HIV (Table 2). Increasing mobility has serious implications for the control of
AIDS and this phenomenon cannot be fully addressed without profound social,
cultural, and economic changes that lie at the root of the problem (70, 71).
Unfortunately, the situation is compounded by the economic recession and debt
crisis witnessed in many African countries. Violent protests and further civil
disruption have occurred in Liberia (1979), Sudan and Tunisia (1985/86), Zambia
(1987, 1990), Algeria (1988), Nigeria (1988/89), Ivory Coast (1990), and Zaire
(1992). Twenty-four countries in sub-Saharan Africa with a total population of
over 400 million were worse off in terms of average income per capita at the end
of the 1980s than at the beginning of the decade (23, 25). In summary, the
economic recession has further aggravated the transmission of HIV in Africa and
Asia by directly increasing the population at risk through increased urban
migration, disruption of rural families, poverty, women's subordinate status in
society, and prostitution and indirectly through decrease in health care provision
(72). The latter entails not only reduced facilities to care for patients with AIDS
but also less effective diagnosis and treatment of STDs and decreased spending
on health education programs.

TABLE 2 Factors associated with HIV dissemination

1. Population migration. Internal and international with >35 million people in
African moving from one area to another

2. Urbanization. Migration of poor, sexually active young people from rural
regions to cities in search of employment

3. Social disruption. Changes in social and cultural values secondary to migration
from families or from political repression and civil disruption

Poor medical services. Less effective facilities of diagnosis and treatment of
increasing medical problems associated with urbanization and a failing economy
5. Declining economy. Overall decrease in average income per capita, resulting in
increased migration and prostitution

6.  Low social status of women. Difficult to obtain educational opportunities, less
training for skilled labor, and consequently fewer economic possibilities,
resulting in increased prostitution

7. STD epidemic. Many of the factors above contributed to further spread of STDs,
particularly genital ulcers, which facilitated HIV transmission

The current AIDS epidemic in developing countries is inextricably liked to
socioeconomic and political factors, both current and historical. To control the
AIDS epidemic, countries will need to not only promote individual behavior
change but also address the related problems of increasing landlessness, mounting
unemployment, accelerated urbanization, prostitution, rapid decline in health
services, and drug abuse in
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order to control its spread (Table 2). It is evident that the success of such AIDS
control initiatives will be limited if they fail to confront such fundamental
structural issues.

SUMMARY

Over 14 million people are estimated to be infected with the human
immunodeficiency viruses (HIV), with nearly three-fourths of the infected
persons residing in developing countries. One factor responsible for
dissemination of both HIV-1 and HIV-2 worldwide was the intense migration of
individuals, from rural to urban centers with subsequent return migration and
internationally due to civil wars, tourism, business purposes, and the drug trade.
In sub-Saharan Africa, between 1960 and 1980, urban centers with more than
500,000 inhabitants increased from 3 to 28, and more than 75 military coups
occurred in 30 countries. The result was a massive migration of rural inhabitants
to urban centers concomitant with the spread of HIV-1 to large population
centers. With the associated demographic, economic, and social changes, an
epidemic of sexually transmitted diseases and HIV-1 was ignited. Migratory
patterns were also responsible for the spread of endemic HIV-2 to neighboring
West African countries and eventually to Europe, the Americas, and India.
Although Southeast Asia was the last region in which HIV-1 was introduced, it
has the greatest potential for rapid spread due to population density and inherent
risk behaviors. Thus, the migration of poor, rural, and young sexually active
individuals to urban centers coupled with large international movements of HIV-
infected individuals played a prominent role in the dissemination of HIV
globally. The economic recession has aggravated the transmission of HIV by
directly increasing the population at risk through increased urban migration,
disruption of rural families and cultural values, poverty, and prostitution and
indirectly through a decrease in health care provision. Consequently, social and
economic reform as well as sexual behavior education need to be intensified if
HIV transmission is to be controlled.
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Impact of Malaria on Genetic
Polymorphism and Genetic Diseases in
Africans and African Americans

LOUIS H. MILLER

Africa is the area of the world most threatened by malaria because it has the
most efficient mosquito vectors, the Anopheles gambiae complex. Outside the
endemic areas of Africa, An. Gambiae has caused some of the worst epidemics of
our century. One such malaria epidemic occurred when An. gambiae was
introduced into Brazil. The effects in Africa are more insidious, in that malaria
kills young children and pregnant women; adults are immune and little affected.
The problem has been compounded by the spread of chloroquine resistance. This
has threatened the availability of the cheapest and safest treatment to diminish the
impact of malaria in these areas where mosquito control has been ineffective. The
combination of sulfadoxine and pyrimethamine is a temporary stopgap. Cost is a
major consideration in poor countries and will limit the availability of newer
drugs. In Asia and Brazil, where the population can afford more expensive drugs,
resistance to these drugs has developed. The development of malaria vaccines,
which will reduce mortality and the spread of drug-resistant malaria, has not
received the necessary funding or industrial interest to be successful within a
reasonable period of time. The crisis in development of new modalities against
malaria is made worse by the minimal industrial interest in antimalarial drug
development.

Louis H. Miller is chief, Laboratory of Malaria Research, National Institute of Allergy
and Infectious Diseases, National Institutes of Health, Bethesda, Maryland.
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ESTIMATES OF MORTALITY FROM MALARIA

What will be the impact of parasite resistance to antimalarial drugs on death
in the population? Malaria is one of the few diseases for which we can predict the
impact of the loss of drugs without an alternative form of control. We obtain
these estimates of past and future malarial mortality from the frequencies of
certain genes observed today.

J. B. S. Haldane (1) was the first to propose that infectious diseases were the
main selective force for human evolution during the past 5000 years. In a recent
study of diversity at the molecular level, Murphy (2) compared sequences of
genes common between rodents and humans. It was found that host defense
genes were more diverse than all other classes of proteins, suggesting that
selection in mice and humans resulted from exposure to different
microorganisms. In Europeans, tuberculosis has been a major selective force in
evolution; in Africans, malaria was one of the major selective forces in their
evolution and, as a result, many genes are known to confer a survival advantage.
One of the best studied is the gene for hemoglobin S. From the frequency of the
gene for hemoglobin S, it is possible to estimate the mortality from malaria by
using the Hardy—Weinberg equation (3). It is assumed that mortality from malaria
is the sole selective force for the gene. The mortality of hemoglobin SS in West
Africa is 100% in childhood. In malaria-endemic areas, SA heterozygotes have a
survival advantage compared with hemoglobin AA children. This selection of a
deleterious gene by survival advantage for another disease (e.g., malaria) is
referred to as a balanced polymorphism. In some areas of Africa, the mortality
from malaria must have been as high as 25% to account for the hemoglobin S
gene frequencies that we see today.

Another example of balanced polymorphism is a mutation in erythrocyte
band 3, which causes a certain form of erythrocyte membrane defect known as
Melanesian ovalocytosis. This mutation is a 27-base-pair (9 amino acid) deletion
in band 3 (4). It is particularly common in Papua New Guinea, the only other area
of the world with transmission of malaria to equal that seen in Africa. The
ovalocytic erythrocyte is partially resistant to invasion by malaria parasites.
Homozygosity for this mutation is 100% lethal during fetal development, the
price that is paid for a deleterious gene that helps survival in heterozygous
children.

The broader implications of the above studies are as follows. (i) Definitive
studies on the population genetics of this disease were impossible before
identification of the genetic defect because there are a number of causes of
abnormally shaped erythrocytes in Papua New Guinea. It only now has been
possible to study its gene frequency and the impact of the mutant allele on
intrauterine lethality of the homozygote.
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(ii) The fact that the gene frequency—Ilike that of hemoglobin S in Africa—is
high argues for a high mortality from malaria in Papua New Guinea. Although
high mortality is not seen today because of chloroquine, it may be a problem in
the future when antimalarial drugs become ineffective. (iii) Why have band 3
mutations in Papua New Guinea never occurred in Africa, and why has
hemoglobin S never occurred in Papua New Guinea? Other erythrocyte skeletal
mutations have been identified in Africa that appear to affect parasite
development (5, 6). (iv) Despite the slow evolution of the human genome
compared to that of the parasite, the host innate resistance mechanisms can afford
improved survival. It may not be in the best interest of the parasite to kill its host.

The fact that certain polymorphisms such as hemoglobinopathies and
glucose-6-phosphate dehydrogenase deficiency were selected for by malaria is
well known (7, 8). I am going to explore other genetic differences that exist
between Africans and Caucasians that may have been selected for by malaria and
what clues they may provide for drug and vaccine development. Some of these
polymorphisms are deleterious; genetic markers for these would identify
individuals at risk for preventive therapy. Others are neutral as far as we know
and have gone to fixation at 100%.

HYPERTENSION AND IRON OVERLOAD

Hypertension and liver disease are two major diseases that affect African
Americans at a higher frequency than European Americans. Because the genetic
bases are unknown, the potential that these genes confer resistance to malaria
should be considered.

There are many hypotheses for the selective force that led to the increased
incidence of hypertension in African Americans. Theories postulate that African
Americans, who retain salt more avidly than European Americans, were selected
for because of limited availability of salt in Africa, death during the transportation
of slaves from Africa to America, or death during subsequent life as a slave in
America. The validity of these hypotheses has been questioned by historian Philip
Curtin (9). He pointed out that most slaves lived within 100 miles of the African
coast where there was a readily available, inexpensive source of salt from
evaporation of sea water. He also examined the causes of death in slaves and
found no evidence for an excess of diseases related to salt loss.

I would like to raise the possibility that differences in salt metabolism,
especially as they may be reflected in erythrocytes, may have been selected by
malaria. The erythrocytes of African Americans are known
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to have higher sodium, lower potassium, and altered sodium transport when
compared to European Americans (10, 11). The potential connection may relate
to the fact that there are no malarias of animals that have high-sodium
erythrocytes such as dogs, cats, cows, and horses. There are saurine malarias,
rodent malarias, avian malarias, and primate malarias, all in animals that have
high-potassium erythrocytes (12). The absence of malaria in dogs and cows is not
likely to have been related to an absence of opportunity for infection because of
lack of receptors for cell invasion. This requirement for K* was consistent with
the finding of Trager et al. (13) that asexual erythrocytic malaria parasites
required a high K* culture medium when the parasites were grown outside of
erythrocytes (13). The exact definition of how potassium affects parasite growth
is complicated by the fact that the parasite grows at a normal rate in erythrocytes
treated with ouabain, which increases intraerythrocytic sodium and decreases
intraerythrocytic potassium (14, 15). It is possible that the shift in sodium/
potassium may reduce parasite growth through a third factor such as hemoglobin S
or that other ouabain-insensitive transporters may affect parasite growth. How
this may affect the intraerythrocytic parasite derives in part from the work of
Friedman (16) on growth of Plasmodium falciparum in hemoglobin SA
erythrocytes (16). He found that the parasite growth in hemoglobin SA
erythrocytes was normal under an atmosphere of 17% O,, but the parasites could
not grow at 3% O,. The parasites could, however, grow normally in SA
hemoglobin at 3% O, tension if the culture medium contained high K*
concentrations. The parasitized erythrocytes grown in the usual culture medium
at low oxygen tension sickled and lost K*. The parasitized erythrocytes still
sickled in high K* medium, but the erythrocyte K* remained normal.

The question of whether hypertension genes suppress the growth of the
malaria parasite and give a survival advantage in malariaendemic areas cannot be
studied until the molecular basis of hypertension and the differences in
erythrocyte sodium in Africans and African Americans have been identified.
Genetic markers would also identify those at risk of hypertension and may
suggest drugs or dietary precautions to prevent this common disease. Mutations in
the angiotensinogen gene have been associated with hypertension in Caucasians
(17), but its involvement in hypertension in African Americans remains
undefined.

Iron overload and concomitant liver disease in sub-Sahara Africa have only
recently been shown to have a genetic basis (18). Large deposits of hemosiderin
are found in the Kupffer cells and hepatic parenchymal cells and are associated
with portal fibrosis and cirrhosis. Diabetes mellitus may also occur at increased
frequency in these patients because
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of similar hemosiderin deposits in the pancreas. Recently, Gordeuk ef al. (18)
demonstrated that the disease is genetic; however, unlike hereditary
hemochromatosis of Caucasians, the disease is not linked to the HLA locus. In
Southern Africa, the disease is associated with a high intake of beer brewed in
steel drums, and it is proposed that the disease results from an interaction of
genetic susceptibility and the intake of excessive iron and alcohol. Why would I
speculate that the gene responsible for this disease was selected for by increased
fitness in a malaria-endemic area? How could abnormalities in iron metabolism
be involved in resistance to malaria when the parasite has a ready supply of iron
from digestion of hemoglobin, a main source of amino acids for the parasite? Iron
in the form of ferriprotoporphyrin IX is highly toxic to the parasite. The parasite
detoxifies iron by forming malaria pigment, a form that is inaccessible to the
parasite. Malaria pigment is B-hematin (19) that can be formed in the test tube
from polymerization of ferriprotoporphyrin IX at pH 3 and high temperatures. In
the cell, however, formation of B-hematin requires a polymerase, an enzymatic
activity that was discovered by Slater and Cerami (20). Interestingly,
polymerization is inhibited by chloroquine and other active 4-aminoquinolines
(20), solving the mystery of the mode of chloroquine action. It has been further
shown, through studies with iron chelation by desferroxamine, that the malaria
parasite must obtain iron from the outside by unknown mechanisms (21). Iron
uptake by the parasite may require a ferric reductase, a receptor, and a transporter
molecule. If altered iron metabolism is proven to confer resistance to malaria, it
would be an impetus to explore iron-related pathways in malaria therapy. In
addition, this African disease may cause increased liver disease in African
Americans. The study of these questions would require identification of the
genetic basis of iron overload and the determination of whether this gene is
associated with increased resistance to malaria in Africa and liver disease in
African Americans. It is clear that hypertension and iron overload in Africans and
African Americans may be preventable by diet, and the search for its genetic
basis deserves high priority to develop molecular probes to identify those at risk.

HLA AND MALARIA

Piazza et al. (22) were the first to present evidence of the association
between HLA and malaria from gene frequencies in Sardinia, comparing lowland
areas where malaria occurred and highland areas (22). In the definitive studies by
Hill et al. (23), a class I molecule, HLA-B53, was found in lower frequency in
Gambian children with severe malaria than in the general population. Class I
molecules contain a groove that
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presents antigen to the T-cell receptor on CD8* T cell.s Antigens presented in this
way are targets for CD8* T-cell-dependent cytotoxicity. What cells in the malaria
life cycle can present antigens through the HLA class I pathway? Sporozoites
injected into humans invade the liver parenchymal cells, where they multiply.
Liver parenchymal cells express class I HLA antigens and, theoretically, could
present malarial antigens to CD8* T cells. Merozoites released from liver cells
invade erythrocytes, thereby initiating the erythrocytic stage in the life cycle that
causes disease. There is no evidence in rodent malarias that CD8* T cells are
critical for immunity to the erythrocytic stage. Immunity to the liver stage has
been shown to be dependent in part on CD8* T cells (24, 25). For example,
immunity induced by irradiated sporozoites was eliminated by CD8" T-cell
depletion. Subsequently, the CD8* T-cell epitope on the CS protein was identified
in P. falciparum (26, 27). Of great concern when this epitope was identified was
the fact that it was highly variant among clones of P. falciparum.

The strategy used by Hill er al. (28) for identifying malaria epitopes
presented by HLA-B53 to CD8* T cells was as follows. The peptide presented by
HLA-class I molecules usually consists of eight or nine amino acids, depending
on the class I molecule. The peptides eluted from the groove were sequenced, and
from this information the invariant anchor amino acid, proline, at position 2 of the
nonapeptides, was identified. All possible nonapeptides with a proline at position
2 from the four malaria proteins of the sporozoite and liver stages were
synthesized. These were tested as targets of cytotoxicity with cells from immune,
adult Gambians who were HLA-B53 (28). A peptide from one of the liver-stage
antigens was identified that was a target of cytotoxic CD8" T cells. This must
undergo testing as a potential antigen to induce CD8* T-cell-mediated immunity.
There is one curiosity of this immunity. Although the severity of illness was less
in children who expressed HLA-B53 than those who did not, the incidence of
blood-stage infections was not reduced (23). How HLA-B53 could protect
without reducing infection rates probably reflects our limited understanding of
pathogenesis in malaria. A potential parallel may be drawn with protection
against malaria by permethrin-impregnated bed nets, which reduced mortality in
the age group 1-5 years (29). Curiously, the infection rate in the children
protected by the impregnated bed nets was as high as in the unprotected
community. One speculation is that a reduced number of clones inoculated into a
child might reduce the child's risk of being exposed to a clone that is antigenically
unique. Thus, either bed nets or a certain HLA type may give enough protection
to decrease the number of parasite clones infecting a child and, in this way, may
lead to increased survival. It is evident that such results may
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change our strategy for vaccine development in endemic areas where improved
survival is the goal.

TABLE 1 Blood group antigens of African origin

Euro-
Blood group Adrican pean  Comment Refi{s).
Duffy negative =100% 0% Chemokine receptor; P an, 31,
[Fyla= b=} (W, Africa) witar receplor 32,33
Glycophorin Dantu 45 i P. falcipirum pecapion; H
hybrid ghycophorin
{extracellular ghreophorin
B, transmembrane and
cytoplasmic glycophorin A)
Glycophorin B 2% 0% P jalciparim receptor 35
negative (5— s— U=} (T ies)
Slia Eqr ]D:I’;:S““ 1% Polymorphism in 36, 37
(in USA) complement receptor 1
(CR1)
Bh (¥ +] A0% % 13 transmembrane keaps 3o
{function unknown)
) 17% 1% Zinc metalloendopeptidase- 40, 41
(im LISA) like

change our strategy for vaccine development in endemic areas where
improved survival is the goal.

BLOOD GROUPS AND MALARIA

There are blood group differences between African Americans and
Caucasian populations (Table 1). Sl(a-), which is found in 50% of African
Americans, is rare in Caucasian populations. Sl(a-) is a polymorphism in the
erythrocyte CR 1 receptor for C3b/C4b (36). It is thought that this receptor is
involved in clearing immune complexes from the circulation and may be related
to the 4-fold increase in systemic lupus in African Americans. We have been
unable to find any reduced invasion of these erythrocytes. Although I still believe
it was selected by malaria, I have been unable to find the connection.

Africans also have a high frequency of Rh and Kell antigens that differ from
those found in Caucasians (38, 40). One of the genes encoding Rh has recently
been cloned, and it is predicted to cross the membrane 13 times (39). Although
the function of Rh remains a mystery, it is possible that it may be involved in
membrane transport or membrane integrity and may affect survival of the
intraerythrocytic parasite.

From the parasite's point of view, certain blood group antigens on the
erythrocyte surface are receptors for the attachment and invasion of the
erythrocyte. Mutations in these surface proteins in Africans were selected for by
resistance to invasion of erythrocytes by malaria parasites.
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Invasion consists of multiple steps that include initial recognition, reorientation to
bring the apical end of the parasite in contact with the erythrocyte, junction
formation, and entry into a vacuole created by the parasite (42). There are
multiple receptors involved in these steps (43). This derives from the finding that
Africans are unable to be infected with Plasmodium vivax because almost 100%
lack the Duffy blood group antigens (30, 31). Knowledge of the requirements of
P. vivax for invasion derive largely from studies on the interaction between
Duffy-negative erythrocytes and Plasmodium knowlesi, a simian malaria that also
requires the Duffy blood group system to invade human erythrocytes. The
parasite attaches and apically reorients on Duffy-negative erythrocytes but cannot
form a junction or invade these erythrocytes (44). Thus, the initial receptors
involved in attachment are unrelated to Duffy blood group antigens. It is only at
the stage of junction formation that the Duffy blood group system is involved as a
receptor.

The Duffy blood group system has now been shown to be the erythrocyte
chemokine receptor (32, 33). Chemokines are a family of molecules involved in
chemotaxis and proinflammatory activities related to activating cells like
neutrophils for chemotaxis and for binding endothelium. The erythrocyte
chemokine receptor, when originally identified, was proposed to be a scavenger
for inflammatory mediators (45). If this hypothesis is correct, then there should
be physiologic differences between Duffy-positive and -negative individuals. It
has been observed that Africans and African Americans have a lower peripheral
neutrophil count (46), although this is not associated with increased susceptibility
to infection. The question of whether this lower neutrophil count is causally
related to Duffy negativity remains to be determined. The involvement of Duffy
antigens in chemokine metabolism also raises the question of whether Duffy
negativity in West Africa provides a survival advantage in terms of the ability to
control P. falciparum infections. The absence of the receptor for P. vivax may
have been a by-product of this other selective advantage. Alternatively, resistance
to P. vivax may have selected for Duffy negativity.

Investigation into genetically determined resistance to P. vivax led to
discoveries of Duffy antigens as the erythrocyte chemokine receptor. This, in
turn, suggested new approaches to drug therapy and vaccine development.
Chemokines block invasion by P. knowlesi (32) and would presumably also block
P. vivax. The possibility now exists that chemokine analogs can be developed as
antimalarial therapy through receptor blockade.

The parasite molecule that binds to Duffy antigens may provide an effective
vaccine, as antibodies against the molecule may inhibit invasion. We have
recently succeeded in identifying the domain of the
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parasite Duffy binding ligand, which binds Duffy-positive but not Duffy-negative
erythrocytes (47). Each region of the extracellular portion of the molecule was
expressed in COS cells, and only region II bound. The Duffy binding molecule of
P. vivax has structural and sequence homology with a sialic acid binding
molecule of P. falciparum (48). The same domain in the P. falciparum ligand
was shown to bind human erythrocytes in a sialic acid-dependent manner (49).
That is, neuraminidase-treated human erythrocytes could not bind COS cells
expressing P. falciparum region II. An erythrocyte mutant that lacks glycophorin
A, En(a-) erythrocytes, also did not bind to these COS cells. This result suggests
that glycophorin B, the second most common sialoglycoprotein on the
erythrocyte surface, cannot act as receptor for this parasite ligand. Consistent with
this finding was the fact that trypsin-treated erythrocytes that lack glycophorin A,
but not glycophorin B, could not bind to the region II-expressing COS cells.

The first 25 amino acids of glycophorins A and B are identical and contain
most of the sialic acid residues (50). One difference between glycophorins A and
B is that glycophorin A, and not B, has one N-linked oligosaccharide. This
difference in N-linked oligosaccharides is unlikely to explain the differential
binding of glycophorin A, as O-Glycanase but not N-Glycanase treatment of
erythrocytes rendered them refractory to binding of the P. falciparum sialic acid
binding ligand (49). The basis of specificity of glycophorin A as a receptor for
EBA-175 was tested in two ways (49). First, glycophorin A, but not glycophorin
B, inhibited erythrocyte binding to COS cells expressing the binding domain of
EBA-175. Second, glycophorin A or the N-terminal 64 amino acids of
glycophorin A blocked binding of EBA-175 to erythrocytes; shorter N-terminal
peptides that contain most O-linked oligosaccharide and the one N-linked
oligosaccharide did not block attachment. These data demonstrate that EBA-175
binds specifically to glycophorin A and that the binding is dependent on sialic
acid and the peptide backbone. It is unknown whether the peptide acts to present
clusters of sialic acid in a specific spatial distribution or whether it functions as
part of the receptor.

P. falciparum, unlike P. vivax, has developed alternative pathways for
invasion. Thus, deletion of a receptor does not appear to make the population
completely resistant to P. falciparum. In fact, we and others have developed data
for multiple alternative pathways for invasion (51-53). One of the pathways uses
glycophorin B with a different parasite ligand (54).

Although there is evidence that both glycophorin A and B are used as
receptors for P. falciparum, the abnormalities in the population are all in
glycophorin B (55-57). Glycophorin B negative erythrocytes in some pygmy
populations reach frequencies of 20%. The mutation in glycophorin
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B and the relative severity of P. falciparum in glycophorin B negative pygmies
has yet to be studied. If this was selected by P. falciparum, which seems likely,
then the parasite is unable to produce full virulence in these individuals. Multiple
other mutations of glycophorin B in Africans have been observed, such as Dantu,
Henshaw and U-. Dantu results from a recombination between the glycophorin A
gene and the glycophorin B gene, which leads to a mutant that has part of the
extracellular domain of glycophorin B and the transmembrane and cytoplasmic
domains of glycophorin A. Dantu also has a normal copy of glycophorin A and
lacks glycophorin B. Henshaw has point mutations in the N-terminus of
glycophorin B that influences antigenicity and probably folding in other regions
of the molecule. In Southeast Asia, another area of severe P. falciparum malaria,
Miltenburger III occurs at high frequencies. Like Dantu, Miltenberger III
involves a recombination between glycophorin A and B and also has a normal
glycophorin A allele; the normal glycophorin B allele is missing. We can
conclude that either deficiency of glycophorin A gives no selective advantage or
that glycophorin A deficiency is detrimental. It is known that individuals with
En(a-) erythrocytes that lack glycophorin A appear to have no associated disease.
Perhaps in Africa, however, this gene deletion is more deleterious. Alternatively,
in the setting of glycophorin B mutations, but not of glycophorin A mutations, the
parasite is unable to express its full virulence, and consequently mutations in
glycophorin B are selected. As a correlary, vaccines against the parasite ligand
that binds glycophorin B may be a better target than EBA-175, the ligand for
glycophorin A.

It is clear that, despite these mutations in glycophorin B, the parasite
remains in the population and is able to invade erythrocytes with these mutations.
When P. vivax lacksthis flexibility is unknown, but such flexibility is clearly an
advantage for the parasite that can respond to polymorphisms in the human
population.

Malaria is a major cause of mortality and, as a consequence, it has had a
marked and varied impact on the genetic makeup of the human population. It
should be equally clear why there is a need to invest in the discovery of
alternative methods of malaria control such as vaccines and approaches to
modifying the vector population. We have a few years before the antimalarial
drugs become unacceptably expensive for the poor countries. It is during this
precious time that we must search for alternatives to reduce mortality.
Unfortunately, obtaining the resources and industrial support for vaccine
development has been difficult for this disease, which little affects our lives in the
wealthy countries. It is a challenge to all of us in the world community to
accelerate development of methods to reduce the impact of malaria.
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SUMMARY

The high mortality from malaria in sub-Sahara Africa selected multiple
genes that give the population a selective advantage. Identification of the genetic
basis for resistance may suggest unusual approaches to development of malarial
vaccines and antimalarial drugs. Some of these genes may be deleterious,
although of selective advantage within the African setting, and need to be
identified for counseling for disease prevention.

I thank Dr. Victor Gordeuk (George Washington University) for sharing
unpublished data on iron metabolism, Dr. Jiri Palek (St. Elizabeth's Hospital,
Boston) for sharing unpublished data on ovalocytosis, Mary McGinniss for
discussions on blood groups, and Dr. Terrence Hadley for general discussion of
the paper.
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Hospital-Acquired Infections: Diseases with
Increasingly Limited Therapies

M. N. SWARTZ

The “6500 acute-care hospitals in this country represent unique ecological
systems and provide the settings for nosocomial (hospital-acquired) infections.
The principal components making up these systems are patients, medical-care
personnel, equipment and devices employed in the treatment of patients with
complicated medical illnesses, and the commensal microbiota of patients and the
microbial population in the hospital environment. Modern acute-care hospitals
are complex institutions consisting of a variety of specialized components: burn
services, oncology wards, coronary care units, intensive care units, and
transplantation units. Individual units may have particular nosocomial infection
problems related to the type of patient being treated or the nature of their
underlying illnesses, procedures employed in individual units, and the selection
pressure exerted by antimicrobial usage patterns.

Each year there are “37.7 million admissions to acute-care hospitals in the
United States; among these, “2.1 million patients (5.7%) develop nosocomial
infections (1). This is a sizable number and, at first glance, might seem surprising
five decades after the beginning of the antibiotic era. A variety of changes
account for the current significant role of nosocomial infections. These alterations
include changes in the age of hospitalized patients, the nature of their underlying
illnesses, the types

M. N. Swartz is chief, James Jackson Firm Medical Services and formerly chief of the
Infectious Disease Unit of the Massachusetts General Hospital, Boston.
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of surgical and systemic therapy that are now available for treating diseases that
were formerly untreatable, and the multitude of antimicrobial drugs currently
available and capable of selecting a more resistant microbial flora.

CHANGING FEATURES OF THE POPULATIONOF
HOSPITALIZED PATIENTS

The increase in mean life expectancy in the population as a whole is
reflected in the increasing age of hospitalized patients. In an acute-care
community general hospital in Madison, WI, for example, the percentage of
patients 65 years of age or older rose from 13% in 1970-1973 to 24% by 1987
(2). Similarly, at the Massachusetts General Hospital, the mean age of admissions
increased steadily over a 7-year period (1986-1992) from 54 to 57 years.
Increasing age as a risk factor for nosocomial infections is seen in the analysis of
nosocomial infections in elderly patients reported by the National Nosocomial
Infections Surveillance (NNIS) system between 1986 and 1990 (3). Whereas
elderly patients (>65 years of age) represented only 31% of total discharges from
hospitals, 54% of nosocomial infections occurred in this group.

CHANGES IN TYPES OF PROCEDURES PERFORMED FOR
COMPLEX ILLNESSES

Extensive surgical procedures are now carried out almost routinely,
correcting a variety of incapacitating or debilitating illnesses and restoring
patients to productive lives. Many of these procedures have been introduced and
performed in large numbers only in the past several decades. Innovations in
cardiac surgery or orthopedic surgery serve as examples (4, 5). In 1960 the
modern era of heart valve replacement began with the first successful placement
of a caged-ball valve in the subcoronary aortic valve position. Currently, an
estimated 46,000-58,000 prosthetic heart valve replacement procedures are
performed annually in the United States (6). The first saphenous vein
aortocoronary artery bypass graft for coronary artery disease was carried out in
1967. Over the ensuing 25 years this procedure has become one of the most
commonly performed operations in the United States. About 390,000 such
procedures are performed each year (6).

Paralleling development of innovative and extensive operative procedures
for treatment of cardiac disease have been similar advances in reconstructive
orthopedic surgical procedures. The first total hip replacements in this country
began in 1966, and current estimates are that ~125,000 such procedures are
performed annually in North America
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(William Harris, personal communication). The first total knee replacements were
carried out in 1970, and it is estimated that currently ~ 125,000 such procedures
are performed in North America each year.

The aforementioned surgical procedures have in common the characteristic
of prolonged operative time and, in the case of valve and joint replacements, the
feature of insertion of a foreign body. Both of these factors are predisposing risks
for development of post-operative infections. Such infections include not only
operative would infections but also lower respiratory tract infections (secondary
to prolonged anesthesia, intubation, etc.), urinary tract infections (secondary to
indwelling urinary catheters), and blood stream infection (complicating the use of
intravenous catheters while the patient is recovering from extensive surgery).

Consequences of the benefits of modern complex surgical procedures
include nosocomial infections, stemming from a variety of factors. These include
the extensive nature of the surgical procedures, prolonged operative/anesthesia
times, need for medical devices and invasive manipulations during the post-
operative period, the often complex nature of the underlying disease or of
associated illnesses, and the older ages of hospitalized patients.

Overall nosocomial infection rates vary considerably depending on the type
of surgery performed. Among common surgical procedures in acute-care
hospitals participating in the NNIS system, the highest rates of overall
nosocomial infections occur with gastric surgery (21%), bowel surgery (19%),
craniotomies (18%), coronary artery bypass graft procedures (11%), and other
cardiac surgery (10%) (7). Orthopedic procedures involving introduction of
metallic plates and of prosthetic joints have overall nosocomial infection rates of
*8%. The fact that more major surgery is now possible than was the case three
decades ago carries with it the almost inevitable consequence of a greater burden
of nosocomial infections.

Individuals particularly vulnerable to nosocomial infections by virtue of the
immunosuppressive treatment of their underlying conditions make up a larger
component of hospitalized patients than was the case three or four decades ago.
Such patients include those undergoing organ transplantation or intensive
chemotherapy of leukemia, lymphoma, and other neoplastic processes. The first
successful human renal transplantation was performed in 1954. By 1992, renal
transplantation was performed in 10,210 patients annually (8). By 1992 multiple
other types of organ transplantation have become commonplace: 3059 liver
transplants and 2171 heart transplants annually. Including bone marrow
transplants, of which there were “4900 performed in 1990 (9), the total number
of organ transplants in 1992 numbered >21,400. Nosocomial
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infections in transplant patients include those due to the common nosocomial
bacterial pathogens but also some due to opportunistic viral and fungal agents.
Patients undergoing induction therapy for leukemia or chemotherapy for a variety
of cancers are particularly at risk for nosocomial infections by virtue of the
neutropenia consequent on cytotoxic drug treatment. In a prospective study over a
42-month period at a cancer research center in New York City, an overall
nosocomial infection rate of 48.3 per 100 neutropenic patients (46.3 per 1000
days at risk from neutropenia) was observed (10). The NNIS data, admittedly a
different group of patients in different geographic areas, nonetheless provides a
frame of reference for comparison: median overall infection rates per 100
discharges for general medical patients (3.5%), for cardiac surgical patients
(9.8%), and for patients on the burn/trauma service (14.9%) (11).

CHANGING SPECTRUM OF NOSOCOMIAL PATHOGENS
EARLY IN THE ANTIMICROBIAL ERA

Nosocomial infections are not unique to the past few decades but have
occurred since care of patients in hospitals began. What has changed over the
past half century are the properties and species of infecting microorganisms.
Viral agents (herpes group viruses and hepatitis virus) and Mycobacterium
tuberculosis, important causes of nosocomial infections, will not be considered
here since they have been considered separately earlier in this colloquium.

In the preantibiotic era, the principal microbial causes of nosocomial
infections were Gram-positive cocci: Streptococcus pneumoniae, Streptococcus
pyogenes and other streptococcal species, and Staphylococcus aureus. Sir William
Osler and Henry Christian recognized the role of S. pneumoniae as a cause of
terminal pneumonia in patients dying of various other primary illnesses. "Patients
with arteriosclerosis, heart disease, nephritis, etc., not infrequently are carried off
by a pneumococcic pneumonia which may give few or no signs" (12).

The introduction of penicillin G into clinical medicine in the mid-1940s was
viewed overly optimistically as heralding the elimination of the common
bacterial infections, including those acquired within hospitals. Although highly
effective initially against S. aureus, a major cause of human infections,
subsequent developments belied the initial enthusiasm. Whereas “90% of S.
aureus isolates at Boston City Hospital prior to 1946 were susceptible to
penicillin, by 1952 *75% of isolates were resistant (13). In the early 1970s,~75%
of S. aureus isolates at the Massachusetts General Hospital were resistant to
penicillin. Within a few years, 90% were penicillin-resistant. Currently,
worldwide >95% of
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S. aureus isolates are resistant to penicillin G as the result of plasmid-mediated
penicillinase production (14).
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FIGURE 1 Changes in relative percentages of aerobic Gram-positive cocci (*),
aerobic Gram-negative bacilli (*), and yeasts (*) as causes of nosocomial
bacteremias/fungemias at Boston City Hospital between 1935 and 1972. Data
are plotted from McGowan et al. (15).

The introduction of penicillin in treatment of human infections was followed
in a few years by the introduction of streptomycin, the tetracyclines,
erythromycin, and chloramphenicol. As more extensive surgery and cytotoxic
drugs were used in treatment and as selection of more antibiotic-resistant
microorganisms developed as a result of broad-spectrum antibiotic usage, the
frequency of hospital-acquired infections increased. At Boston City Hospital, the
frequency of hospital-acquired bacteremias and fungemias steadily increased
(with few fluctuations) between 1935 and 1972 from a rate of 3.7 per 1000
hospital admissions to a rate of 14.7 per 1000 admissions (15). Most striking was
the change that occurred in the predominant species causing the bloodstream
infections. Whereas in 1935 Gram-positive aerobic cocci accounted for 80% of
isolates and Gram-negative aerobic bacilli accounted for 20%, by 1972 the
relative roles had undergone major changes (Figure 1). By the early 1970s, *55%
of blood isolates were Gram-negative aerobic bacilli; *40%
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were Gram-positive aerobic cocci, and the remainder were Candida or Torulopsis
spp. Between 1941 and 1972, the percentage of S. pneumoniae among bacteremic
Gram-positive coccal strains declined from 15 to 4% and that of enterococci
increased from 3 to 19%. Among Gram-negative bacilli, the principal changes
observed between 1941 and 1972 were a decline in frequency for Escherichia
coli from 66 to 27% and an increase in Klebsiella—Enterobacter from 0 to 39%

(15, 16).
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FIGURE 2 Changes in the frequencies of CNS (trace I), Gram-negative bacilli
(trace 2), S. aureus (trace 3), others (trace 4), Candida spp. (trace 5), and
enterococci (trace 6) as causes of nosocomial bloodstream infections (BSIs)
between 1980 and 1989 in NNIS system hospitals. Modified from Banerjee et
al. (18) and reproduced with permission (copyright Cahners).

During the decade of the 1980s, changes in the frequency of nosocomial
infections and the spectrum of microorganisms involved continued. Primary
bloodstream infections represent 8% of all hospital-acquired infections in the
United States (3, 17). The frequency of bloodstream infection varies with the
category of hospital (18). The rate for small nonteaching hospitals is the lowest
(1.3 per 1000 discharges) followed by that for large nonteaching hospitals (2.5
per 1000 discharges). The highest rate (6.5 per 1000 discharges) occurs in large
teaching hospitals, followed by the rate (3.8 per 1000 discharges) in small
teaching hospitals. The higher rates in the large teaching hospitals presumably
reflect the more seriously ill patient population within large tertiary-care
hospitals. Increases in the primary bloodstream infection rates occurred between
1980 and 1989 and varied by category from 70 to 279%. The most striking
changes were in the rates for individual pathogen groups (Figure 2). Four
pathogen groups accounted for most of the increase in nosocomial bloodstream
infections in the United States between 1980 and 1989: coagulase-negative
staphylococci (CNS), S.
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aureus, Enterococcus spp., and Candida spp. (18). The largest percentage
increase (75.4%) in bloodstream bacterial infections occurred with CNS in large
teaching hospitals. Bloodstream infections with Candida spp. increased in
frequency by 487% in large teaching hospitals whereas those with S. aureus
increased 176% and those with Enterococcus spp. increased 120%. Aerobic
Gram-negative bacilli, which had achieved prominence in the previous two
decades, showed no change in frequency in large teaching hospitals.

The spectrum of microbial pathogens involved overall in nosocomial
infections differs somewhat from that causing only bacteremia/fungemia (19).
Overall, in NNIS hospitals from 1986 to 1989, the five leading pathogens were
E. coli (16%), Enterococcus spp. (12%), Pseudomonas aeruginosa (11%), S.
aureus (10%), and CNS (9%). The leading role of E. coli reflects the frequency
of urinary tract infections in hospitalized patients. Each of the other major
categories of nosocomial infections has its own distinct leading pathogen: wound
infection, S. aureus; pneumonia, P. aeruginosa and S. aureus; bloodstream
infection, CNS. Over the past decade there has been a decline in the frequency of
E. coli infections and increases in infections due to CNS (from 4% of total
infections to 9%) and Candida albicans (from 2 to 5%). In the past decade the
trend has been away from antimicrobial-susceptible species to more resistant
pathogens. Even among susceptible species, there has been a shift from readily
susceptible to antibiotic-resistant strains.

Overall data for a large number of hospitals are very helpful in identifying
major trends. However, they may tend to obscure outbreaks that occur in
individual hospitals and important shifts that occur in antimicrobial
susceptibilities of pathogens that present problems in individual intensive-care
units. For example, among 392 nosocomial infections occurring among 920
neutropenic cancer patients in a cancer unit, Candida spp. (18%) was the most
common pathogen followed closely in frequency by CNS (17%) (10). In addition
to common microorganisms seen in the multihospital NNIS survey, less
frequently observed pathogens such as Clostridium spp., Corynebacterium spp.,
Aspergillus spp., and herpes viruses may account for 20% of the total pathogen

group.

PROBLEMS OF ANTIMICROBIAL RESISTANCE IN
SELECTED NOSOCOMIAL PATHOGENS

S. aureus

Methicillin-resistant S. aureus (MRSA) was first described in 1961 in
England and over the next decade became an important nosocomial
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pathogen in parts of Europe (20). MRSA is resistant to all penicillins, including
semisynthetic penicillinase-resistant congeners, penems, and carbapenems. The
basis for this resistance is the mecA gene that codes for a new penicillin-binding
protein (PBP; PBP2a) with a reduced affinity for all B-lactam antibiotics (21).
The mecA gene is chromosomal in location and not subject to dissemination
among staphylococcal strains via plasmid spread. However, resistance to other
antibiotics such as streptomycin, tetracyclines, trimethoprim, and erythromycin
can be spread widely via plasmids and by transposition in many MRSA (21). In
the early 1970s, the prevalence of MRSA temporarily receded only to reemerge in
the past one and a half decades as a cause of nosocomial outbreaks of infections
in Europe, Africa, Asia, Australia, and the United States (22). The prevalence of
MRSA among S. aureus isolates reveals marked differences between countries:
0.1% in Denmark in 1988, 4% in Germany in 1989, 26% in France in 1989, and
15% in the United States in 1987—-88. However, these represent mean prevalence
rates for many hospitals. Although the average prevalence rate of MRSA among
24 hospitals in Italy was 26% in 1986, the survey included hospitals with
prevalence rates that varied from 6 to 44% (22). In the NNIS data from U.S.
hospitals evaluated over a 17-year period (1975-1991), the percentage of MRSA
increased from 2.4% in 1975 to 29% (23). The prevalence of MRSA varied with
the size of hospitals. In 1991 it was 14.9% for hospitals with <200 beds, 20.3%
for hospitals with 200—499 beds, and 38.3% for hospitals with 500 or more beds.

Nosocomially acquired strains of MRSA do not appear to exhibit enhanced
intrinsic clinical virulence in comparison with methicillin-susceptible strains.
However, patients who carry MRSA may be at a higher risk of developing
infection due to that organism that patients colonized with methicillin-susceptible
S. aureus (24). Epidemiologic virulence (efficiency in colonizing patients and in
spreading throughout hospitals) has been attributed to some strains (21, 23, 25). A
variety of factors may contribute to the prevalence of MRSA in a given hospital:
patterns of antibiotic use, biologic properties of circulating MRSA strains, the
nature of the patient population, local infection control practices, and frequency
of admission of colonized or infected patients from other institutions.

Careful monitoring of S. aureus strains from hospitalized patients in
Denmark at a national laboratory has provided data on antibiotic susceptibility
and phage type of 523,000 isolates over the interval from 1966 to 1988 (26). The
rise in prevalence of MRSA from 3% in 1966 to *15% in the period 1967-1970
was followed by a gradual decline to a level of *0.2%. The rise in prevalence of
MRSA during the late 1960s, and the subsequent decline, was paralleled by
changes in phage type.
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The increase in prevalence of MRSA appears to have been due to spread in
hospitals of one or a few clones of S. aureus belonging to phage-type complex
83A and exhibiting multiple antibiotic resistance (27). In Denmark in the 1950s,
the S. aureus strains isolated were frequently of the 52/52A/80/81 complex, but
these were replaced increasingly in the early 1960s by tetracycline-resistant
strains of the 83A complex; 70% of these were multiresistant (45% methicillin
resistant). Subsequently, prevalence of strains of phage complex 83A steadily
declined until 1980 and has remained at 6% since 1980. Currently, <2% of strains
of S. aureus are multiresistant, and even strains of the 83A complex are no longer
multiresistant.

Important factors in the control of the Danish outbreak included the
extensive and continual monitoring of nosocomial S. aureus isolates and prompt
institution of isolation precautions when MRSA was detected. The basis for the
increased prevalence of the epidemic clone(s) of MRSA in the Danish outbreak
and their subsequent disappearance is unclear. A role for antimicrobial use
patterns in the evolution of resistance has been suggested (27). The use of
tetracyclines and streptomycin in the 1960s may have provided some selective
pressure for the increase in frequency of multiantibiotic-resistant MRSA.
Similarly, the considerable reduction in the quantities of these two drugs used
during the early 1970s may have lessened the selective pressure for streptomycin-
and tetracycline-resistant subtypes of phage 83A complex MRSA.

In the mid 1980s, the newer fluoroquinolone antimicrobials offered
considerable initial promise for dealing with both clinical infections due to MRSA
and the carrier state (28). The minimum inhibitory concentration (MIC) for 90%
of S. aureus isolates (both methicillin-susceptible and methicillin-resistant
isolates) was 0.5 pg/ml (29). In the late 1980s and early 1990s, this promise
proved disappointing as resistance rapidly developed, particularly among
methicillin-resistant strains. In a large tertiary care hospital in New York City,
>80% of MRSA had become resistant to the available fluoroquinolones (14).

CNS

By 1971 “65% of CNS had become resistant to penicillin at large urban
teaching hospitals such as the Massachusetts General Hospital, and from 1979 on
"80% of isolates have been resistant. Resistance to penicillinase-resistant
penicillins, such as methicillin and oxacillin, has steadily increased. At the
Massachusetts General Hospital, the percentage of methicillin-resistant isolates
among CNS has risen from 8% in 1971 to 54% in 1992.

The increasing role of CNS as a pathogen in infections involving
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prosthetic devices (artificial heart valves, cardiac pacemaker leads, joint
replacements, nervous system ventricular shunts, peritoneal dialysis catheters, and
polyethylene intravenous catheters) has occurred contemporaneously with
development of increasing methicillin-resistance. Staphylococcus epidermidis, a
common commensal on human skin, is frequently the species infecting foreign
body implants or indwelling venous catheters, but other CNS species may also be
involved. Binding of such organisms to foreign-body surfaces and their intercell
adherence is enhanced by a biofilm matrix (extracellular "slime layer" consisting
of exopolysaccharides) they produce. Colonization within a biofilm appears to
protect S. epidermidis cells against opsonization and phagocytosis by
polymorphonuclear leukocytes, and it may afford protection against the
bactericidal action of antibiotics by acting as a barrier to the latter's penetration
(30).

CNS (and S. aureus) have developed resistance mechanisms for evading the
inhibitory action of many antimicrobials previously useful in treating infections
due to these microorganisms (14). They have acquired plasmid genes encoding
B-lactamase production that render them (>90%) resistant to penicillin G. MRSA
are resistant to methicillin and other penicillinase-resistant penicillins,
cephalosporins, carbapenems, and penems by virtue of a chromosomal gene
(mecA) that encodes a new PBP (PB2a) with reduced affinity for all 3-lactam
antibiotics. Fluoroquinolone resistance in clinical isolates of S. aureus is
associated with mutations in the A subunit of the DNA gyrase (31). A second form
of resistance to fluoroquinolones in S. aureus is due to a mutation (norA) in the
chromosomal gene that codes for a membrane transporter effecting
fluoroquinolone efflux driven by the proton gradient across the cell membrane
(32). Rifampin resistance in S. aureus is encoded on the chromosomal gene for
the DNA-dependent RNA polymerase and involves an alteration in the B subunit
to which rifampin binds. Rifampin is not used alone to treat staphylococcal
infections because of rapid emergence of resistance.

Staphylococcal infections are not ordinarily treated with aminoglycosides,
but a drug in this class is sometimes combined with a penicillinase-resistant
penicillin in the treatment of life-threatening infections. Plasmid-mediated
aminoglycoside-modifying enzymes (phosphotransferase, adenylylating enzyme,
and acetyltransferase) alter the conformation of these antibiotics and interfere
with binding of the aminoglycoside to the 30S ribosomal subunit, a necessary step
in aminoglycoside action (formation of an unstable initiation complex, thus
blocking translation and exerting a bactericidal effect).

Resistance in staphylococci to tetracyclines is encoded on plasmids or
transposons that cause synthesis of a new membrane protein that
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decreases accumulation of tetracycline by causing active efflux of the drug (33).
Resistance to macrolides (erythromycin and clindamycin) is primarily plasmid-
mediated and inducible, involving methylation of an adenine in the 23S
ribosomal RNA of the 50S ribosomal subunit. This results in decreased binding
of the macrolides to their usual targets on the ribosome (34). Trimethoprim
resistance is common (*40%) among CNS and is somewhat more frequent than
among S. aureus isolates (35). The same genetic resistance determinant is found
on conjugative multiresistant plasmids and on the chromosome in both species.
The principal mechanism of resistance has been production of new plasmid-
mediated dihydrofolate reductases that are trimethoprim-resistant (36).

The increasing resistance of CNS to methicillin and the 38 % prevalence of
methicillin-resistance among S. aureus isolates in large U.S. hospitals (23), as
well as the rapid emergence of fluoroquinolone resistance among MRSA, have
required frequent use of alternative antimicrobials. MRSA are resistant as well to
cephalosporins, precluding use of the latter for staphylococcal infections. While
only 15% of S. aureus isolates are clindamycin-resistant and 25% are
erythromycin-resistant, a higher percentage have inducible resistance, and the use
of these drugs in severe staphylococcal infections may be limited. A more
suitable antimicrobial for life-threatening staphylococcal infections is the
bactericidal drug vancomycin. Thus, the continuing problems with nosocomial
MRSA infections and infections due to CNS have effected a major increase in the
use of vancomycin. They have also led to extensive use of vancomycin in initial
treatment of nosocomial fevers and for infections where MRSA and CNS are
considered among possible pathogens. In addition, vancomycin usage by the oral
route has also increased in the past 15 years in the treatment for Clostridium
difficile pseudomembranous colitis.

CHANGES IN ANTIMICROBIAL USAGE OVER THE PAST
TWO DECADES

Specific antimicrobial use depends on trends in antimicrobial-resistant
pathogens as causes of disease. In the 1970s, *50% of antimicrobial usage
involved administration to hospitalized patients. Study of parenteral
antimicrobial usage at the University of Iowa Hospital between 1978 and 1992
provides an indication of changes that have occurred in major teaching hospitals
(37). Whereas only 23% of patients in 1978 received one or more antimicrobials
during their hospital stay, this figure rose to 44% by 1991. The principal
increases in parenteral drug use were with vancomycin (increasing from use in
<1% of patients in 1978 to 10% in 1992), and third-generation cephalosporins
(increasing
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from use in 1% of patients to 7% of patients by 1992). The quantity of
vancomycin used per 1000 patient days increased 161-fold between 1978 and
1992. This experience is typical of that at other general hospitals. Such extensive
use has had the potential, and now the reality, of selecting strains of
vancomycin-resistant nosocomial pathogens (Enterococcus spp. and
Staphylococcus hemolyticus) for which alternative therapies are extremely
limited.

THE INCREASING PROBLEM OF ANTIBIOTIC RESISTANCE
IN ENTEROCOCCUS SPP.

Enterococci are intrinsically more resistant in vitro to penicillin (MIC, 2.5-5
pg/ml) than are other streptococci (MIC, 0.02-0.08 ug/ml). Since the reports of
Hunter (38) in 1947 and of Jawetz et al. (39) in 1950, the capacity of penicillin
and an aminoglycoside to act synergistically against enterococci has been known.
The bactericidal action of this combination is due to limited penicillin inhibition
of bacterial cell wall synthesis that permits enhanced uptake of aminoglycoside,
the latter then acting lethally on its ribosomal target (40). Treatment of serious
enterococcal infections has involved the use of combined penicillin—
aminoglycoside therapy since the 1950s. Originally, the aminoglycoside was
streptomycin. By the early 1970s, 25-50% of clinical isolates showed high-level
(>2000 pg/ml) resistance to streptomycin and kanamycin. Accordingly,
gentamicin was substituted for streptomycin. The penicillin and gentamicin
combination proved to be synergistic in vitro against all enterococci tested during
the 1970s and provided effective therapy. However, in 1979 the first
enterococcus isolate with high-level (>2000 pg/ml) resistance to gentamicin was
identified in Paris (41). Subsequently, enterococci with high-level gentamicin
resistance and resistance to penicillin-gentamicin synergy have been observed
worldwide (42). By the early 1990s, in some centers, >50% of enterococcal
isolates showed resistance to penicillin—gentamicin synergy. Among
Enterococcus faecium 1isolates, which prior to 1987 had been uniformly
susceptible to gentamicin at 200 pg/ml, in some hospitals as many as 70% of
isolates showed high-level resistance to gentamicin.

High-level resistance to streptomycin is due either to plasmid-mediated
(adenylyltransferase) modification of the drug or, occasionally, can be due to a
chromosomal mutation that alters ribosomal affinity for streptomycin (42).
High-level gentamicin resistance is based on enzymatic modification of the
aminoglycoside by a plasmid-encoded bifunctional enzyme with both 2"-
phosphotransferase and 6'-acetyltransferase activities (43). Aminoglycoside
modification by this bifunctional enzyme prevents penicillin (or vancomycin)
synergy with all available aminoglycosides
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except streptomycin. Fortunately, up to 46% of high-level gentamicin-resistant
Enterococcus faecalis isolates are still susceptible to streptomycin. While all
enterococci exhibit low-level intrinsic resistance to aminoglycosides, the MICs of
certain aminoglycosides, (tobramycin, kanamycin, netilmicin, and sisomicin) are
higher in E. faecium than E. faecalis. This relative resistance is based on a
chromosomally mediated 6'-acetyltransferase and is of sufficient degree to
prevent synergy with cell-wall-active antimicrobial agents (42).

To add to the problems produced by high-level gentamicin resistance in
treatment of serious enterococcal infections, major resistance to penicillin has
emerged. Although a variety of less frequently isolated Enterococcus species (E.
gallinarum, E. asseliflavus, E. durans, E. avium, and E. raffinosus) have
occasionally been responsible for infections, most clinical isolates have been E.
faecalis (85-90%) and E. faecium (5—10%). Penicillin resistance in enterococci
has been of two types: (i) higher levels of intrinsic resistance to penicillin and
other B-lactams, particularly in E. faecium, and associated with production of
greater amounts of a low-affinity PBP (PBP5) (44); (ii) B-lactamase production
by enterococci (Bla*) carrying plasmids and exhibiting high-level gentamicin
resistance (HLGR) as well. A large outbreak of infections has been caused by a
clone identified in the mid-Atlantic area (45). Such a strain (Blat* HLGR), once
ensconced in a hospital, is difficult to eradicate, reminiscent of the problem with
MRSA. In one outbreak, the B-lactamase and high-level gentamicin-resistance
genes were chromosomal in location, probably on a conjugative transposon (46).
Although penicillin resistance due to B-lactamase production is as yet uncommon
in enterococci, it presents a major threat, particularly if conjugative spread
occurs.

Vancomycin resistance among clinical enterococcal isolates, particularly E.
faecium strains highly resistant to penicillin because of their low-affinity PBPs,
was first recognized in England and France in the late 1980s, “30 years after the
glycopeptide had been introduced in clinical use. Subsequent nosocomial
outbreaks due to vancomycin-resistant E. faecium have occurred in several
hospitals in the United States, including a cardiothoracic intensive care unit in
one (47) and a medical-surgical intensive care unit in another (48). In the latter,
nondisposable handles of electronic rectal thermometers were the means of
spread of enterococci. In outbreaks some patients have developed serious
infections such as bacteremia, peritonitis, and pneumonia. In a survey of 10,961
nosocomial enterococcal strains collected between 1989 and 1993 in the NNIS
hospital system, 2.5% were found to be vancomycin-resistant (49). The
prevalence of vancomycin resistance among nosocomial isolates rose from 0.3%
in 1989 to 7.9% in 1993, and hospitals in nine states were sources of resistant
isolates. The most striking increase in prevalence of
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vancomycin resistance has been found in isolates from patients with nosocomial
infections in intensive care units where the percentage rose from 0.4% in 1989 to
13.6% in 1993.

Vancomycin resistance in enterococci consists of several different
phenotypes (50). The VanA phenotype consists of inducible high-level resistance
to both vancomycin and another glycopeptide, teicoplanin, that is mediated by a
transposable element (Tn1546) on a conjugative plasmid in E. faecium, E.
faecalis, and E. avium. The expression of the VanB phenotype is inducible in E.
faecium and E. faecalis and transferable by conjugation, but the location of the
resistance genes is unknown and the resistance is to vancomycin and not to
teicoplanin. The VanC phenotype is probably mediated by a chromosomal gene,
present in E. gallinarum and E. casseliflavus, constitutive, and confers low-level
resistance only to vancomycin.

Normal peptidoglycan synthesis involves the sequential action of D-Ala:D-
Ala ligase and D-Ala-D-Ala adding enzyme to ultimately produce D-Ala-D-Ala
termini on the pentapeptide side chains of the nascent bacterial cell wall (50, 51).
The amide of the terminal D-Ala-D-Ala of vancomycin-susceptible bacteria
appears to form a crucial hydrogen bond with a carbonyl group on the
vancomycin skeleton (Figure 3) (51). This NH group appears to be essential for
vancomycin binding to the cell wall and its inhibition of transglycosylation and
transpeptidation of growing peptidoglycan strands.

Vancomycin-resistant bacteria, such as enterococci with the VanA
phenotype, have acquired a transposable element, Tn/546, encoding nine genes,
on a plasmid. The resistance gene products include a transmembrane sensor
protein (VanS) that resembles eukaryotic transmembrane receptors. The latter
senses the presence of vancomycin and transduces that information to a response
regulator protein (VanR) that is a transcriptional activator of vanH and vanA
genes (51). The latter two genes are critical in the subsequent expression of drug
resistance (Figure 3). The vanH gene product is a new a-keto acid reductase that
produces D-lactate or D-hydroxybutyrate from pyruvate and a-ketobutyrate,
respectively. The VanA protein is a homolog of a D-Ala:D-Ala ligase with its
specificity altered to preferentially utilize D-a-hydroxy acids such as D-lactate
rather than D-Ala as the COOH-terminal component in ester linkage. Thus, a
depsipeptide (e.g., D-Ala-D-lactate) is formed by VanA and is incorporated
subsequently into the peptidoglycan termini of resistant bacteria (52). The
substitution in the depsipeptide of an ester linkage for the amide linkage of the
terminal D-Ala-D-Ala dipeptide appears to reduce vancomycin binding to the
cell wall by “1000-fold, approximating the decreased vancomycin susceptibility
of resistant strains. The novel depsipeptide peptidoglycan termini do not interfere
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with subsequent transpeptidation and strand crosslinkage, allowing
formation of structurally intact cell walls of vancomycin-resistant Gram-positive
bacteria.

Gram-positive bacteria other than Enterococcus spp. also may be resistant to
vancomycin. Some clinical isolates of S. hemolyticus have shown resistance to
vancomycin (53). Inherent resistance to vancomycin is a feature of Leuconostoc
spp., Pediococcus spp., and Lactobacillus spp., all three rarely causing human
infections.

A threat exists of further dissemination of vancomycin resistance to other
species via transposition of Tn/546 into broad-host-range plasmids. Barriers do
not exist to heterospecific expression of enterococcal resistance genes in Listeria
monocytogenes, Bacillus spp., and Streptococcus spp. (50). Transfer of
vancomycin resistance from E. faecalis to S. aureus via conjugation in the
laboratory raises the frightening possibility of the emergence of glycopeptide
resistance in MRSA (54).

RESISTANCE TO THIRD-GENERATION CEPHALOSPORINS
AMONG GRAM-NEGATIVE AEROBIC BACILLI

Resistance of Gram-negative pathogens to $-lactam antibiotics is mediated
by any one of three mechanisms (production of 3-lactamases, reduced permeation
of the drug, or alteration of the target site, i.e., PBP) or by several acting in
concert. In the mid-1980s, it was noted that resistance was developing among
Gram-negative bacilli possessing inducible chromosomal cephalosporinases
(e.g., Enterobacter cloacae, Proteus spp., Serratia spp., Citrobacter freundii)
when certain of the newer cephalosporins and cephamycins were used in therapy
(55). Spontaneous mutation of such organisms to a stably derepressed (induced)
state resulted in persistence in these mutants of high levels of B-lactamase even
without the presence of an inducer. Such resistance is not transmissible but has
been responsible for many instances of therapeutic failure, relapse, or nosocomial
spread of such infections (56). Most outbreaks of such nosocomial infections
have involved Enterobacter spp., and resistance has been present to virtually all
B-lactam antibiotics (including newer cephalosporins and aztreonam) except
imipenem.

Further problems in the treatment of infections due to Gram-negative bacilli
became evident in the mid 1980s in France and Germany when Klebsiella
isolates with plasmid-mediated resistance to broad-spectrum cephalosporins
(cefotaxime, ceftriaxone, and ceftazidime) and aztreonam appeared (57). Such
resistance soon became evident worldwide (58). The basis of such resistance is
the emergence of new extended-spectrum [-lactamases, observed first in
Klebsiella pneumoniae and subsequently in E. coli, C. freundii, Serratia
marcescens, and Enterobacter
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cloacae. These new resistances are mediated by plasmids encoding TEM-1-,
TEM-2-, and SHV-1-related (mutated) B-lactamases. These new extended-
spectrum B-lactamases differ from the original plasmid-encoded TEM-1 f-
lactamase (mediating ampicillin resistance in Gram-negative enteric bacteria) and
plasmid-encloded SHV-1 B-lactamase in Klebsiella, by 1-4 amino acids; and,
thus, they are designated (TEM-4, SHV-3, etc.) to indicate this relatedness. The
prevalence of extended-spectrum B-lactamases in Enterobacteriaceae has risen
disturbingly over the past 7 or 8 years. For example, among isolates of K.
pneumoniae from patients in 20 French hospitals, the prevalence of such
resistance increased from <1% in 1985 to 11% in 1988 (56). In 1988—1989 in one
hospital in Athens, Greece, 24% of K. pneumoniae and 4% of E. coli isolates
possessed extended-spectrum [B-lactamases. Enterobacteriaceae producing
extended-spectrum [3-lactamases have been responsible for a number of
nosocomial outbreaks, usually originating in an intensive care unit and then
spreading elsewhere (56). Such dissemination of drug resistance can involve
spread of a particular strain of bacteria, horizontal interspecies spread of a
resistance plasmid, or spread of resistance genes. Either extensive use of an
extended-spectrum cephalosporin in a hospital unit or prior use in a particular
patient has usually been associated with such outbreaks. Since K. pneumoniae
containing extended-spectrum {3-lactamases also often carry genes for amikacin
resistance on the same plasmids, high-level use of the aminoglycoside may serve
to select for resistant strains.

The potential for selection of increasingly resistant Gram-negative bacillary
pathogens in a hospital can be seen in the sequence of events in one U.S. hospital
over several years. In 1988-1989, a major outbreak of infections due to
Acinetobacter occurred, requiring extensive use of ceftazidime, and to a lesser
degree, imipenem, to which the infecting strain was susceptible. Late in 1988 an
outbreak of ceftazidime-resistant K. pneumoniae infections began and 155
patients were infected or colonized during a 2-year period (59). Predisposing
factors included >2 weeks of hospitalization and >7 days of antibiotic
administration. Prior to isolation of the ceftazidime-resistant K. pneumoniae on
average almost five antibiotics per patient had been administered. These isolates
were resistant to aminoglycosides and to the bactericidal action of all third
generation cephalosporins, moxalactam, and cephamycins and were susceptible
only to imipenem. The strains examined contained several plasmids and produced
B-lactamases with enzymatic characteristics suggesting TEM-10 or TEM-26. The
outbreak was finally controlled with a combination of antibiotic (ceftazidime)
restriction and barrier precautions for all infected or colonized patients.

The use of imipenem to treat infected patients in the aforementioned
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hospital outbreak increased 3- to 4-fold. Subsequently, an outbreak of
nosocomial infections (pulmonary and bacteremic) occurred in the surgical
intensive care unit of the same hospital due to a strain of multiresistant
Acinetobacter calcoaceticus (60). The organism was resistant to all
antimicrobials ordinarily employed against Gram-negative aerobic bacilli:
aminoglycosides (including amikacin); ampicillin; antipseudomonal penicillins;
first, second-, and third-generation cephalosporins; cephamycins;
fluoroquinolones; aztreonam; imipenem; chloramphenicol; etc. The only
antimicrobials to which the A. calcoaceticus isolates were susceptible were
ampicillin—sulbactam (sulbactam responsible for the bactericidal effect of the
combination) and polymyxin.

The above-described sequential outbreaks of nosocomial infections due to
increasingly resistant organisms emphasizes the potentially great selective power
of extensive antimicrobial use in a given institution, particularly in intensive care
units, in favoring emergence of multiresistant pathogens.

CONTROL OF NOSOCOMIAL INFECTIONS DUE TO
RESISTANT BACTERIA

In the past the rate of introduction of new antimicrobial drugs has been
sufficient to counter those infections caused by organisms resistant to available
drugs. Although there are >155 antibiotics (14), the rate of introduction of
genuinely new drugs with different modes of action or genuinely different spectra
of activity into clinical usage has slackened. Therapeutic options for nosocomial
infections are increasingly limited because of antimicrobial resistance.

Control of this group of infections merits consideration of changes in some
current practices. (i) Monitoring of nosocomial pathogens and their resistance
patterns in acute-care hospitals. Although it is common practice for hospital
microbiology laboratories to collect data on the antimicrobial susceptibilities of
major pathogens and to provide summary information to physicians, such data
commonly is tabulated for the recent year's experience, encompasses results from
all parts of the hospital (including ambulatory services), and is provided to the
physicians months later. This information is helpful for guidance in antimicrobial
selection when a given pathogen has been identified or is suspected but its
antimicrobial susceptibilities have not yet been determined. However, such
information is less helpful in identifying early phases of nosocomial outbreaks in
specialized units, since the data may become available late in the outbreak and
may be obscured by collating susceptibilities from all parts of a hospital. In
addition, data is not readily available in the form of antimicrobial-resistance
patterns. Early detection of outbreaks of nosocomial
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infection may be improved by ongoing monitoring of pathogens isolated and
their resistance patterns in selected intensive care units on a monthly basis. (if)
Prompt institution of barrier precautions. Early identification of the new
multiresistant pathogen serves to alert intensive care unit personnel to the problem
and to institute isolation precautions before the strain is widely transmitted within
the unit and elsewhere in the hospital. Once the number of infected and colonized
patients increases containment becomes much more problematic. (iii) Judicious
use of antimicrobial agents. The use of antimicrobials by physicians in hospitals
(and elsewhere) requires acute awareness of the increasing problems with
resistant organisms. Thus, unnecessary use of an antimicrobial drug has public
health implications. Such use may serve to select for resistant organisms that may
be carried to other more vulnerable patients and produce serious difficult-to-treat
infections. Antibiotic control programs can be an effective means to prevent
inappropriate use of antimicrobials in hospitals. Newer antimicrobials should be
included in such programs to delay the emergence of resistant strains by limiting
unnecessary use of such drugs. Indeed, consideration might be given in some
instances to cycling the use of certain antimicrobials in selected intensive care
units.

SUMMARY

About 5% of patients admitted to acute-care hospitals acquire nosocomial
infections. A variety of factors contribute: increasing age of patients; availability,
for treatment of formerly untreatable diseases, of extensive surgical and intensive
medical therapies; and frequent use of antimicrobial drugs capable of selecting a
resistant microbial flora. Nosocomial infections due to resistant organisms have
been a problem ever since infections due to penicillinase-producing
Staphylococcus aureus were noted within a few years of the introduction of
penicillin. By the 1960s aerobic Gram-negative bacilli had assumed increasing
importance as nosocomial pathogens, and many strains were resistant to available
antimicrobials. During the 1980s the principal organisms causing nosocomial
bloodstream infections were coagulase-negative staphylococci, aerobic Gram-
negative bacilli, S. aureus, Candida spp., and Enterococcus spp. Coagulase-
negative staphylococci and S. aureus are often methicillin-resistant, requiring
parenteral use of vancomycin. Prevalence of vancomycin resistance among
enterococcal isolates from patients in intensive care units has increased, likely
due to increased use of this drug. Plasmid-mediated gentamicin resistance in up to
50% of enterococcal isolates, along with enhanced penicillin resistance in some
strains, leaves few therapeutic options. The emergence of Enterobacteriaceae
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with chromosomal or plasmid-encoded extended spectrum B-lactamases presents
a world-wide problem of resistance to third generation cephalosporins. Control of
these infections rests on (7) monitoring infections with such resistant organisms in
an ongoing fashion, (i) prompt institution of barrier precautions when infected or
colonized patients are identified, and (iii) appropriate use of antimicrobials
through implementation of antibiotic control programs.
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Evolution of Drug-Resistant Tuberculosis:A
Tale of Two Species

MICHAEL D. ISEMAN

Charles Darwin in his treatise The Origin of Species delineated the
requirements for "evolution" as a process to explain the multitudinous forms of
life on our planet. Broadly speaking, he posited that there must be diversity
among the offspring of a species. Then there should be factors in the
environment that create a selective advantage for the reproduction and survival of
certain of those progeny. This preferential survival for that substrain might entail
either a global or a localized survival advantage within a particular niche. In a
general sense, but one of which I believe Darwin might approve, the emergence
of drug-resistant tuberculosis represents such a phenomenon. Unfortunately, the
environmental factor that is essential for the rising prevalence of drug-resistant
tuberculosis around the globe is humankind. The interplay between the two
species, Mycobacterium tuberculosis and Homo sapiens, and its role in the
creation of strains of tuberculosis resistant to modern medications will be
described below. And the emerging influence of yet a third species, the
retroviriad human immunodeficiency virus (HIV), on this ecosystem will be
considered as well.

The tubercle bacillus belongs to an unusual family of bacteria that are related
to and presumably developed from the microbes that constitute the "living"
component of soil. On the basis of studies of genetic

Michael D. Iseman is professor of medicine in the Division of Infectious Diseases and
Pulmonary Sciences at the University of Colorado School of Medicine, Denver, Colorado.
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relatedness as well as circumstantial evidence, the mycobacteria probably
emerged from the soil to find a niche first infesting, then infecting various
mammals and birds. M. bovis is the most common animal pathogen, afflicting a
diverse array of mammals, including ruminants and primates. Webb in his 1932
historical overview of tuberculosis speculated that the tuberculosis germ was first
systematically introduced into humankind when humans domesticated cattle
around 5000 B.C. (1). Indeed, modern genetic analysis indicates an extremely
high degree of DNA homology between M. bovis and M. tuberculosis, indicating
that they are virtually the same species (2). Thus, it is reasonable to infer that the
parent strain M. bovis—which does have limited invasive and disease-producing
capacity within humans—has undergone subtle host adaptation within the human
body to become the tubercle bacillus. In this process, the microbe has developed
these unique traits: (¢) its only significant natural reservoir is humans, (if) it has
substantially diminished virulence for most animal species other than humans,
and (iii) it has developed a survival-transmission strategy that is unparalleled
among the mycobacteria: airborne human-to-human spread.

Skeletal artifacts indicate that tuberculosis has afflicted humankind since at
least 3000-5000 B.C. From the Hippocratic writings and the work of Galen we
infer that tuberculosis, referred to then as "phthisis" (translation: "I am wasting")
was highly prevalent in the Greco-Roman era. For the past 500 years,
tuberculosis has been pandemic in Europe and North America; at its apex in the
17th—18th centuries, the "White Plague" took the lives of 1 in 5 adults. In the 100
years from 1850-1950, it is estimated that one billion persons died of
tuberculosis.

Certainly one of the most meaningful achievements of modern medicine has
been the development of curative therapy for this ancient scourge. Although itis a
bacterium, the tuberculosis bacillus is highly resistant to the conventional
antibiotics, such as penicillin or sulfa, which were developed in the 1930s and
1940s. Selman Waksman, a specialist in soil biology at Rutgers, while screening
microbes recovered from the earth, came upon a substance elaborated by one of
them with substantial activity against the tubercle bacillus in 1943—-1944; this
compound, streptomycin, was pressed rapidly into clinical use, with initial reports
of its efficacy appearing in 1945 (3). Although useful in ameliorating disease
manifestations, streptomycin alone was not sufficient to cure most cases.
Microbiologists soon recognized that, while most bacilli in a population of M.
tuberculosis were susceptible to the drug (they were killed rapidly by
concentrations of the medication readily achievable in tissue), some mutant
offspring were present that were resistant to the drug's effects. When
streptomycin was given alone, it killed the vulnerable population but left behind
the resistant mutants,
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a Darwinian selective process of "survival of the fittest." Without competition for
the hosts' tissues, these bacilli then became the dominant subspecies.

Fortunately, two other medications were discovered shortly thereafter— p-
aminosalicylic acid and isonicotinic acid hydrazide (isoniazid). Clinicians soon
recognized that if all these drugs were given simultaneously, drug resistance did
not emerge and lifetime cures of tuberculosis finally were achievable.
Subsequent research showed that the explanation for this was as follows: (i)
Random bacterial mutations that conferred resistance to individual drugs occurred
infrequently during microbial replication, approximately once in 105-10% (4). (ii)
These mutations were unlinked; therefore, the probability of a microbe
spontaneously developing resistance to two drugs was the product of the
individual risks or 1 in 10° x 1 in 10° = 1 in 10" (3). Because the number of
bacilli in a patient, even with extensive disease, rarely exceeds 10%, it was highly
improbable that multiresistant mutants would occur spontaneously (4). Thus,
when isoniazid and streptomycin were given together, the isoniazid killed the
mutants resistant to streptomycin and vice versa, ultimately eliminating the
bacteria from the body.

In the 1950s and 1960s tuberculosis specialty hospitals (sanatoria) and
clinics were widely available throughout the industrialized nations. Based on
public fear of the disease and aggressive professional programs, successful
treatment—despite the need for 24 months of drug therapy—was accomplished in
the great majority of cases. However, as these two elements lost intensity and
social disruptions became more pervasive in our society, adherence to treatment
plans was eroded. Clinicians and public health authorities were hopeful that with
newer, more powerful drugs the duration of treatment could be reduced
sufficiently to combat noncompliance. But, despite reducing the required time
from 24 to 6 months, irregular or incomplete adherence rose steadily over the
past two decades (5).

As a consequence, the prevalence of drug-resistant strains of M. tuberculosis
has risen dramatically in certain regions or populations. At the dawn of the
treatment era, roughly 1-2% of strains of M. tuberculosis were seen to have
significant drug resistance, almost universally to only one drug (6); in the 1960s
and 1970s, that rate in the U.S. hovered around 3-5% (7, 8). However, over the
past decade the national rate has risen steadily (9). In New York City, where a
variety of elements, including poverty, substance abuse, and deteriorating public
health programs, combined to confound tuberculosis control, 33% of tuberculosis
strains recovered in April 1992 were resistant to at least one drug, and 19% were
resistant to two or more agents (10). Tragically, in some developing nations
where resources
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are limited, inadequate treatment programs have resulted in drug-resistant rates in
excess of 30% (11).

How has this resistance evolved? In most instances it occurs because
patients either cryptically discontinue one or more of their multiple drugs or take
less than the prescribed dosage (12). Alternatively, physicians—who have
become generally less familiar with tuberculosis as the incidence has diminished
—prescribe inappropriately (13). In either scenario, insufficient numbers or
dosages of drugs are administered, creating an environment that selects for
survival of the drug-resistant mutants. Note that the drugs do not induce the
mutations, only tip the balance in favor of the naturally derived variants.

In this manner, a gradually increasing portion of the world's tuberculosis
cases involve drug-resistant organisms. Most drug-resistant cases have
historically involved failed treatment in an individual (14); however, in some
instances, these strains have been transmitted to a new patient, who then develops
tuberculosis with pre-formed drug resistance (15). This has occurred with
relatively low frequency, presumably because the metabolic compromises made
by the microbes to enable drug resistance have made them modestly less virulent
(16). And, in the normal host—whose immune system has a 90% chance of
containing a tuberculosis infection for a lifetime—even a small reduction in
pathogenic capacity would make transmission of drug-resistant disease quite
uncommon.

Enter here a third species, the HIV. Unfortunately, the HIV epidemic is
afflicting persons from countries and/or socioeconomic groups in which
tuberculosis latent infection and disease are highly prevalent. Because HIV
infects, disables, and kills the cell that is central to tuberculosis immunity—the
CD4* or helper T lymphocyte—the viral epidemic has led to a dramatic upsurge
in tuberculosis in regions such as sub-Saharan Africa and cities including New
York, Miami, Los Angeles, Rio de Janeiro, Brazil, and Bangkok, Thailand, where
HIV and tuberculosis are coincident. A particularly alarming aspect of these
coepidemics is the rising level of multidrug-resistant strains of tuberculosis
(MDR-TB) in certain communities. Large-scale, highly lethal epidemics of
MDR-TB among HIV-infected/AIDS patients have been reported in at least eight
hospitals in New York and Florida (17). Analysis of these nosocomial outbreaks
demonstrates clearly that the impaired defenses associated with HIV disease
facilitate the transmission of MDR-TB (18). And, as the proportion of
tuberculosis associated with HIV rises in the United States and the world over the
decades to come, we may anticipate that MDR-TB strains will comprise an
expanded percentage of this morbidity.

The implications are profound: (i) Patients will die of tuberculosis due
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to inability to control the infection, (ii) the costs of treatment will soar, as more
expensive drugs, extended therapy, and complicated surgery will be added to
management, making cures unachievable for impoverished nations, and (iii) the
highly effective prevention strategy of prophylactic treatment with isoniazid, a
very inexpensive drug, to block the transition from latent infection to active
disease will be rendered ineffectual.

In summary, human societal failures have potentiated the evolution of drug-
resistant strains of the tubercle bacillus in the United States and around the
world. Until recently, this has largely posed a threat to the health and survival of
the individual in whom inadequate therapy has promoted the drug resistance.
However, the HIV epidemic threatens to promote wholesale transmission of
MDR-TB with the potential for immense morbidity and mortality. Reinforced
treatment and control programs for TB are vital (19). Our response to this
challenge will reflect on whether we deserve the appellation "sapient” or whether
anthropologists will need to find another designation for our species.

SUMMARY

The history of the disease tuberculosis was briefly discussed. Now human
societal failures have potentiated the evolution of drug-resistant strains of the
tubercle bacillus in the United States and around the world. Until recently, this
evolutionary change largely posed a threat to the health and survival of the
individual in whom inadequate therapy promoted the drug resistance. However,
the human immunodeficiency virus epidemic threatens to promote wholesale
transmission of multidrug-resistant tuberculosis with the potential for immense
morbidity and mortality. Reinforced treatment and control programs for
tuberculosis are vital.
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Effect of Human Ecology and Behavior on
Sexually Transmitted Diseases, Including
HIV Infection

JUDITH N. WASSERHEIT

There are few infectious diseases that crystallize as hauntingly as sexually
transmitted diseases (STDs) the effects of changes in human ecology and
behavior on disease patterns. Webster's unabridged dictionary defines ecology as
"a branch of science concerned with the interrelationship of organisms and their
environment, especially as manifested by natural cycles and rhythms, community
development and structure, interactions between different kinds of organisms,
geographic distributions, and population alterations" (1). The dismaying growth
in the spectrum and rates of STDs experienced over the past two decades in most
parts of the world, including the United States, is, indeed, a reflection of the
complex interactions of these pathogens with at least three types of
environments. In this brief overview, I will summarize six changes in STD
patterns that have emerged during the past 20 years and discuss their links to
changes in the physiological microenvironment, the behavioral personal
environment, and the sociocultural macroenvironment. Finally, I will highlight
the implications of these links for effective STD prevention programs.

CHANGING PATTERNS OF SEXUALLY TRANSMITTED
DISEASES

The last 20 years have witnessed six striking changes in STD patterns:
emergence of new STD organisms and etiologies, reemergence of old

Judith N. Wasserheit is director of the Division of STD/HIV Prevention, National
Center for Prevention Services, Centers for Disease Control and Prevention, Atlanta,
Georgia.
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STDs, shifts in the populations in which STDs are concentrated, shifts in the
etiological spectra of STD syndromes, alterations in the incidence of STD
complications, and increases in antimicrobial resistance (Table 1). Many STDs
represent examples of more than one of these trends.

TABLE 1 Changing patterns of STDs

Pattern Examples

Emergence of new organisms/etiologies ~ HIV, infertility, ectopic pregnancy, fetal
Reemergence of old STDs death, low birth weight, prematurity,
Population shifts anogenital cancer, proctocolitis
Etiology shifts Syphilis

Altered incidence of complications HIV infection, syphilis, gonorrhea
Increased antimicrobial resistance Urethritis, cervicitis, PID

Perinatal HIV infection, congenital
syphilis, PID, dysplasia
Gonorrhea, chancroid

PID, pelvic inflammatory disease.

Exciting insights into the pathophysiology and natural history of both
bacterial and viral STDs have led to the discovery of sexually transmitted
etiologies for such diverse syndromes as infertility, ectopic pregnancy, other
adverse outcomes of pregnancy, anogenital cancers, and proctocolitis. However,
human immunodeficiency virus (HIV) is clearly the archetype of a newly
emerging STD pathogen, one that has devastated the world with a fatal pandemic
involving an estimated 14 million people, of whom approximately 2.5 million
have developed AIDS (2). In the United States alone, it is likely that as many as a
million individuals are infected with HIV, and more than 361,000 AIDS cases
have been reported since 1981, when the syndrome was first recognized (3).

Despite its recent emergence, AIDS is, in addition, a prime example of a
disease that is shifting to affect new populations (Figure 1). In the United States,
AIDS spread first among predominantly white homosexual and bisexual men, but
AIDS incidence in this population began to plateau by the early 1990s (4, 5). The
second wave of the AIDS epidemic emerged among injecting-drug users (IDUs)
and was concentrated among racial and ethnic minority populations. At least
since 1989, however, the greatest proportionate increase in reported AIDS cases
has been due to heterosexual transmission, and the majority of these cases have
occurred among women (4-7). Between 1991 and 1992, for example, a 17%
increase in AIDS cases attributed to heterosexual transmission was observed,
compared with a 1% decrease in cases due to homosexual or bisexual
transmission, and a 1% increase in IDU-related cases among heterosexuals. In
1992, although half of all new AIDS cases
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occurred among homosexual or bisexual men, almost 60% of heterosexually
transmitted AIDS cases occurred in women, and, for the first time, more women
were reported with AIDS as a result of heterosexual transmission than as a result
of injecting-drug use. Furthermore, among women, non-Hispanic Blacks
experienced the most rapid increases in heterosexually acquired AIDS (5).
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FIGURE 1 AIDS incidence by transmission category and quarter-year of
diagnosis, January 1982 through June 1992, United States. Data are adjusted for
delays in reporting but not for incomplete reporting.

Syphilis offers a classic example of the reemergence of an easily diagnosed
and readily treatable STD. Following World War II, with the widespread
availability of penicillin, infectious (primary and secondary) syphilis rates in the
United States fell almost 95%, from 66 cases per 100,000 persons in 1947 to 4
cases per 100,000 persons in 1956. However, this triumph was not sustained. The
incidence of syphilis rose progressively after 1956 to reach a 40-year peak of 20
cases of infectious syphilis per 100,000 persons by 1990 (8).

Echoing some aspects of the sequential AIDS epidemics discussed above,
syphilis also exemplifies a STD that has shifted its principal target from one
population to another. The syphilis epidemic hit the United States in two distinct
waves. The first, from about 1960 to 1980, was concentrated among homosexual
men, and the second, over the latter half of the subsequent decade, had its
greatest impact among minority heterosexuals. As is elegantly highlighted by
Rolfs and Nakashima (8), this shift was reflected in striking changes in the male/
female incidence rate ratio for infectious syphilis during this 30-year period
(Figure 2).
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FIGURE 2 Primary and secondary syphilis in the United States, 1956—1990.

Reprinted with permission from ref. 8 (copyright 1994, Blackwell Scientific
Publications).

From 1966 to 1979, the ratio more than doubled, from 1.7 to 3.6, and then
fell precipitously to 1.3 by 1991. Between 1985 and 1990, infectious syphilis
rates also rose 165% among non-Hispanic Blacks, while they fell among persons
of all other races and ethnicities. The 14-fold higher syphilis rates among Blacks
than among Whites reported in 1985 exploded to a 60-fold differential by 1991
9).

As the AIDS and syphilis epidemics penetrated heterosexual populations,
the incidence of perinatal and congenital infections increased as well. AIDS cases
resulting from perinatal transmission increased 13.4% between 1991 and 1992, an
increase second only to that due to heterosexual transmission itself (5), and
congenital syphilis rates increased at least 5-fold between 1985 and 1991, after
adjustment for the new case definition that was instituted in 1989.

Gonorrhea trends in the United States present a sharp contrast to syphilis
patterns and, again, highlight the protean nature of STDs. Despite the common
mode of transmission shared by these STDs, gonorrhea and infectious syphilis
trends have consistently diverged over the past 25 years (Figure 3). From 1965 to
1975, gonorrhea rates more than doubled, while infectious syphilis rates increased
slightly. During the next 15 years, gonorrhea rates declined with increasing
momentum as syphilis rates skyrocketed (10).

In addition to the population shifts characterized by sexual practices,
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race, and gender observed with syphilis, age-related population shifts have been
seen with gonorrhea. Over the last decade, gonorrhea rates have declined among
both men and women in all age groups between 15 and 40 years of age except
15- to 19-year-olds (9). As a result, adolescents in this country now have the
highest age-specific gonorrhea rates among women and the second highest age-
specific rates among men. After adjustment for the proportion of the population
which is sexually active, the gap between teenagers and older adults widens even

more (11).
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FIGURE 3 Rates of primary and secondary syphilis and gonorrhea in the United
States, 1950-1990. Reprinted with permission from ref. 8 (copyright 1994,
Blackwell Scientific Publications).

Gonorrhea also provides an excellent example of rapid and repeated
emergence of new types of antimicrobial resistance. The recognition of
penicillinase-producing Neisseria gonorrhoeae in 1976 has been followed by
appreciation of an increasingly diverse array of resistance patterns and
mechanisms, including both plasmid- and chromosomally mediated resistance to
penicillins and tetracyclines, the two former mainstays of treatment (12). Between
1988 and 1991, national surveillance of gonococcal isolates conducted by the
Centers for Disease Control and Prevention documented an increase in the
proportion of resistant isolates from 21% to 32.4%, more than a 50% increase in
only 3 years (9, 13, 14)!

In the United States, as gonorrhea rates have declined, chlamydia rates have
climbed, shifting the apparent balance of etiologies of urethritis, cervicitis, and
PID. Indeed, in 1991, reported chlamydia cases exceeded reported gonorrhea
cases among women for the first time (9).
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However, this reversal is probably an artifact of real changes in gonorrhea
incidence superimposed upon improved chlamydia surveillance due to both
diagnostic advances and more widespread legal requirements for chlamydia
reporting. Nevertheless, a relative increase in chlamydial infection may have
contributed to recent decreases in hospitalized cases of PID in the face of stable
numbers of ambulatory PID cases because of the more indolent nature of
chlamydial infection compared with gonococcal PID (15).

Human papillomavirus (HPV) infection provides a final example of
changing patterns of STDs. HPV infection has repeatedly emerged as one of the
most important risk factors for cervical dysplasia (16—18). Furthermore, several
studies have documented an increased prevalence of dysplasia among HIV-
infected women compared with HIV-uninfected subjects (19). In a recent New
York City study, for example, HIV-infected women were almost 6 times as likely
to have colposcopic evidence of cervical intraepithelial neoplasia as their HIV-
uninfected counterparts, and the majority of cervical intraepithelial neoplasia was
attributable to HPV infection in both groups (T. C. Wright, T. V. Ellerbrock, and
M. A. Chiasson, personal communication).

ENVIRONMENTAL CHANGES AFFECTING STD PATTERNS

Why have all of these changes in STD patterns occurred? What
environmental changes continue to drive the evolution of these disease patterns?

Let us consider three interrelated types of environments affecting STD
patterns (Figure 4). The microbiologic, hormonal, and immunologic
microenvironments most directly influence susceptibility, infectiousness, and
development of sequelae. These microenvironments are shaped, in part, by the
personal environments created by an individual's sexual, substance-use, and
health-related behaviors.

The personal environments are also important determinants of acquisition of
infection and development of sequelae but, in addition, they mediate risk of
exposure to infection. These are, therefore, the environments that most directly
affect changing disease patterns such as the emergence or reemergence of STDs,
or the population shifts discussed above.

Finally, individuals' personal environments are, in turn, molded by powerful
macroenvironmental forces, including socioeconomic, demographic, geographic,
political, epidemiologic, and technological factors. Over the past 20 years, the
profound changes that have occurred in many aspects of the personal
environment and the macroenvironment have been reflected in new STD
patterns.
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FIGURE 4 Environments affecting STD patterns. M, microbiological; H,
hormonal; I, immunological.

The Physiological Microenvironment

Trend data are not available for most of the biological indices of the
microenvironments affecting STD patterns (Table 2). For example, while we
know that the vaginal flora and acidity (pH) of the microbiological
microenvironment influence susceptibility to STDs, we do not know how these
factors have changed over time among populations of women in the United
States. Similarly, manifestations of the hormonal microenvironment, such as the
size of the zone of cervical ectopy,” the penetrability of the cervical mucus, the
patency of the cervical canal, the phase of the menstrual cycle, and possibly even
the composition of seminal and prostatic fluids, may contribute to susceptibility
to STDs or their sequelae (20), and we know little about population trends in
these factors.

Trend data are, however, obtainable for a few of these microenvironmental
parameters. By altering cervicovaginal ecology, modulating vaginal pH,
transactivating other pathogens, or other mechanisms, one STD may increase
susceptibility to other STDs or their complications (19, 21). Thus, recent
increases in STDs may have fueled some of the

* The zone of exposed columnar epithelium that is the primary attachment site for
chlamydial and gonococcal infection and that probably also plays an important role in HIV
infection.
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changing disease patterns biologically as well as epidemiologically. Decreases in
the age of menarche, a manifestation of the hormonal microenvironment, have
been documented (22, 23). Finally, competing factors that influence the
immunological microenvironment, such as pregnancy, HIV infection, and prior
exposure to STDs, can also be traced over time in some populations.

TABLE 2 Microenvironments affecting STD patterns

Microbiologic Hormonal Immunologic

Vaginal flora and acidity (pH) Cervical ectopy Pregnancy

STD coinfection Cervical mucus HIV infection
Cervical patency Prior STD exposure
Menses

Seminal/prostatic fluid?

The Behavioral Personal Environment

Changes in sexual behaviors have been one of the primary engines driving
changing patterns of STDs, including HIV infection (Table 3). Steady decreases
in age of first sexual intercourse and concomitant increases in premarital sexual
activity have been documented repeatedly both in the United States and abroad
(21, 24, 25). Data from the National Survey of Family Growth, for example,
indicate that the percentage of 15- to 19-year-old American women reporting
premarital intercourse almost doubled from 28.6% in 1970 to 51.5% in 1988
(26). Although increases were greatest among younger White adolescents, the
proportion of Black women reporting premarital sexual activity was higher than
the proportion of White women for each age group and year examined. This trend
is particularly disturbing because early age of

TABLE 3 Personal environments affecting STD patterns

Sexual behaviors Substance-use behaviors Health behaviors
Age at coital debut Intravenous drug use Condom use
Number of sex partners  Crack cocaine Pill and IUD use
Commercial sex Exchange of sex for drugs ~ Vaginal douching
Sexual practices Alcohol use Circumcision

Early health-care utilization
Compliance with therapy
Provider screening

IUD, intrauterine device.
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coital debut appears to be associated with subsequent patterns of multiple sexual
partners and sex with risky partners, such as bisexual, injecting-drug-using, or
HIV-infected individuals (27). Furthermore, the hormonal microenvironment is
age-dependent. Thus, for young adolescents, behavioral risk factors such as
multiple, risky partners conspire with biological risk factors such as large zones
of cervical ectopy to result in high STD rates.

Younger cohorts also report more sexual partners than older groups, and the
proportion of young adults with multiple sexual partners appears to be increasing
over time (24, 25, 28-31). In fact, between 1971 and 1988, the proportion of
sexually active adolescent women reporting more than one sexual partner swelled
from 39% to 62% (29). In part this may be due to the combined effect of trends
toward younger age of coital debut and older age at first marriage. During the
decade of the '80s, American women experienced an increase of approximately
30% in the median number of years that they spend in this relatively high risk
stage of their reproductive lives (32). In addition, these increases were greatest
for Black women and for women living in poverty.

Sonenstein and colleagues (33) have observed analogous trends among
young men. Among 17- to 19-year-old American men, the average number of
sexual partners in the previous year rose from 2.0 in 1988 to 2.6 in 1991, and the
proportion reporting 5 or more partners increased from 6% to 11% over the same
time period. Both this study and the 1991 National Survey of Men suggest that
Black men report more sexual partners than White or Hispanic men; however,
other national survey data indicate that these patterns vary substantially by
gender and marital status (30-32, 34).

Both commercial sex (exchange of sex for money or drugs) and specific
sexual practices such as anal intercourse, intercourse during menses, or "dry sex"”
have also been linked to increased risk of STDs or their sequelae (21, 35-37).
However, few trend data are available on these sexual behaviors. Cross-sectional
national survey data indicate that more White men than Black men reported anal
intercourse (21% vs. 13.6%) or same-gender sexual activity during the past 10
years (2.4% vs. 1.3%) (30). In contrast, anecdotal information suggests that dry
sex may be practiced more frequently by Black Americans than by Whites (31).

* Sex during which efforts are made to minimize lubrication of the vagina by using
intravaginal desiccants, by wiping out the vagina, or by other methods. The intent is
usually to increase the pleasure of the male partner; however, this practice may increase
STD or HIV transmission because it may result in vaginal inflammation, traumatic
lesions, or more frequent condom breakage.
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Over the past 25 years, dramatic changes in substance-use behaviors
reinforced the impact of changes in sexual behaviors on STD and HIV patterns.
Drug use promotes anonymous sex and exchange of sex for drugs or money. Both
drug and alcohol use may also impair ability to practice safe sex. In this context,
it is very disturbing that the National Institute on Drug Abuse estimates that illicit
drug use increased from less than 5% of Americans ever using these substances in
the early 1960s to over 10% by the early 1970s (38). By 1988, an estimated 36.6%
of Americans 12 years of age or older had tried illicit drugs.

In terms of impact on STD and HIV trends, regular or recent use of illicit
drugs is more important than previous experimentation. The National Household
Survey of Drug Abuse indicates that use of most illicit drugs (including cocaine)
at least once within the past year increased during the 1970s and peaked during
the first half of the 1980s (39). Reported use of cocaine within the past year by
high school seniors, for example, rose from 5.6% in 1975 to 13.1% in 1985, and
subsequently declined to 3.5% by 1991.

Intravenous drug use and crack cocaine use have been particularly potent
factors in the changing patterns of STDs, especially syphilis and HIV infection
(21, 40). Both of these behaviors have been associated with low socioeconomic
status and appear to be more common among Black and Hispanic Americans than
among White Americans (31, 38).

Health-related behaviors are the third component of the personal
environments affecting STD patterns (Table 3). Several of these behaviors, such
as early health-care utilization, compliance with therapy, and provider screening,
primarily affect the distribution of the curable STDs by reducing the duration of
infectiousness of these diseases and by limiting the incidence of long-term
complications.

Other health-related behaviors, such as contraceptive use, vaginal douching,
and circumcision, may influence STD patterns more broadly (21). Correct and
consistent condom use and male circumcision both decrease risk of STDs,
including HIV infection (41). Oral contraceptive pill use, on the other hand, may
augment risk of chlamydial and gonococcal cervicitis but seems to decrease risk
of PID (41). Both of these effects are probably mediated by pill-induced changes
in the hormonal microenvironment such as expanded zones of ectopy and
decreased penetrability of cervical mucus. IUD use and vaginal douching have
been linked with increased risk of PID—in the former case, principally during the
first 3 months following device insertion (41, 42). These two behaviors also
clearly alter the vaginal microenvironment. Finally, both pill and IUD use may
increase STD risk by reducing the likelihood of condom use.

Contraceptive use trends have been a critical force in evolving STD
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patterns. One of the key elements of the sexual revolution of the 1960s was the
rapid diffusion of the pill, the first unobtrusive, female-controlled pregnancy
prevention technology. National surveys of married women showed steady
increases in pill use until 1973, a decline from 1973 to 1982, and stabilization in
use rates between 1982 and 1988 (43). During the 1982-1988 period, pill use also
remained unchanged among never-married and formerly married women but
increased among women between the ages of 20 and 34, while IUD use declined
in all groups. Condom use increased from 12% to 20% among never-married
women, and from 21% to 33% among 15- to 19-year-olds during this period.
Smaller gains were observed among women in their twenties. Contraceptive use
at first intercourse grew from 47% of women in 1975-1979 to 66% of women in
1983-1988, with the increases entirely attributable to condom use among Whites
and increases balanced between condom use and pill use among Blacks (44).

National longitudinal data on vaginal douching and on male circumcision
are not available. However, national data collected in 1988 document that vaginal
douching is strongly associated both with Black race and with poverty (31).
Anecdotal information suggests that circumcision may be more common among
White men than among other racial or ethnic groups.

Data on health-care utilization, compliance with therapy, and provider
screening behaviors are also quite limited, and conflicting information on racial
or ethnic differentials makes definitive interpretation difficult (31). Furthermore, a
reporting bias may arise because racial/ethnic minority populations often seek
care from publicly funded providers who are more likely to test for and report
STDs than are private providers (21). Yet financial and social barriers to early
and effective care clearly disproportionately affect adolescents and members of
minority communities who live in poverty. Deterioration of the public health
infrastructure in the United States during the 1980s has undoubtedly exacerbated
these problems and may have contributed to the spread of HIV infection, the
reemergence of adult and congenital syphilis, and the rapid evolution of
gonococcal resistance.

The Sociocultural Macroenvironment

Perhaps the greatest challenge of STD and HIV prevention lies in developing
strategies that acknowledge the powerful and interrelated macroenvironmental
forces that shape many of the sexual, substance-use, and health-related behaviors
of individuals' personal environments (Table 4). Factors such as poverty, low
status of women, social up-heaval, urbanization, and migration or geographic
mobility promote risk
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behaviors because they destabilize societal norms by increasing inequality,
anonymity, and marginalization (21, 45). These factors often cluster in and foster
environments with fragile public health infrastructures, thus creating barriers to
health-related behaviors among populations most in need of services.
Communities of high STD and HIV prevalence result. Further social
disintegration may ultimately precipitate extensive out-migration and spread of

disease (46).

TABLE 4 Macroenvironments affecting STD patterns

Socioeconomic Political Demographic
Poverty Public health infrastructure ~ Young age structures
Status of women Social upheaveal Sex ratio imbalance
Geographic Technological Epidemiologic
Urbanization STD tests STD prevalence
Domestic and international STD therapies

travel

Migrant labor Prevention technologies

(e.g., female condom)

The demographic characteristics of these populations frequently compound
the problem. Young age composition and sex ratio imbalance are linked with
many of the factors mentioned above, as well as with STD and HIV risk
behaviors. It is noteworthy that in the United States relatively large and growing
segments of minority populations are sexually active adolescents and young
adults, while the proportion of the White population in these groups has been
declining since the mid-1980s (21, 45).

Poverty and deterioration of the public health infrastructure have been
particularly important forces in shaping STD and HIV patterns in the United
States. Poverty is associated with substance abuse, exchange of sex for drugs or
money, poor access to health services, and young age at first intercourse. Both the
poverty rate and income inequality increased in this country during the last 20
years. The poverty rate rose to 14.2% in 1991 from 11.4% in 1978 and
disproportionately affected women, young people, and racial and ethnic minority
populations, particularly in urban areas (31, 47, 48). For example, the proportions
of White, Hispanic, and Black Americans living in poverty in 1991 were 11.3%,
28.7%, and 32.7%, respectively. The comparable figures for 1973 (the first year
for which data on Hispanic origin were recorded) were 8.4%, 21.9%, and 31.4%.
These data and shifts in race/ethnicity-specific ratios of actual income to poverty
level income highlight both that the extent and depth of poverty are greatest
among Black Americans and
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that Hispanic Americans have experienced the largest increases in poverty over
the last two decades.

These socioeconomic trends have been accompanied by changes in the
political environment that further limited the access to STD care for those relying
on public sector providers. At the same time that chlamydia, herpes, HPV
infection, and AIDS emerged, and as syphilis rates climbed and treatment of
gonorrhea required increasingly expensive antibiotics, support for STD services
flagged and the public health infrastructure in the United States deteriorated.
Many STD clinics across the country were unable to meet the demand for
services and, increasingly, were forced to turn patients away without care.
Frequently, those patients who did receive care had to wait many hours to be
seen. A survey of public STD clinics conducted in 1989 revealed problems of this
type in 19 of 23 sites (45). It is ironic that these trends occurred in the setting of
tremendous advances in diagnostic and therapeutic technologies which should
have made feasible highly effective STD prevention programs. Furthermore,
increased knowledge about the effectiveness of condoms and other prevention
technologies was offset by the development of a more conservative political
environment.

IMPLICATIONS FOR EFFECTIVE STD PREVENTION
PROGRAMS

STDs offer an outstanding "case study" of the synergistic effects of changes
in human ecology and behavior on patterns of infectious diseases. The last 20
years have brought explosive growth in the spectrum, complexity, range of
sequelae, and, in some cases, incidence of STDs. It is likely that complete
eradication of STDs, including HIV infection, must await development of
vaccines that can be delivered in conjunction with antimicrobial agents and
behavioral interventions. However, even in the absence of effective vaccines,
enormous progress can be made in prevention and control of these infections if
we broaden our focus to include all three of the environments discussed above.

Traditional, clinic-based STD programs have emphasized interventions that
target the physiological microenvironments and selected health behaviors.
Programs developed with an appreciation of the role of risk behaviors and
macroenvironmental forces in STD and HIV epidemiology will be likely to
improve the effectiveness of these clinical interventions by focusing them on
populations most in need of services and by addressing barriers to care that might
otherwise be ignored.

The multiple environments affecting STD patterns highlight three other
important principles. First, both clinic-based and community-based behavioral
interventions are essential companions to diagnosis and treatment in effective
prevention programs. Second, STD/HIV
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prevention, substance-abuse prevention, and pregnancy prevention efforts are
likely to reinforce each other. Finally, the community can play a pivotal role in
modulating the impact of macroenvironmental factors on the personal
environments that shape STD and HIV patterns.

SUMMARY

The last 20 years have witnessed six striking changes in patterns of sexually
transmitted diseases (STDs): emergence of new STD organisms and etiologies,
reemergence of old STDs, shifts in the populations in which STDs are
concentrated, shifts in the etiological spectra of STD syndromes, alternations in
the incidence of STD complications, and increases in antimicrobial resistance.
For example, human immunodeficiency virus (HIV) emerged to devastate the
United States with a fatal pandemic involving as many as 1 million people. The
incidence of syphilis rose progressively after 1956 to reach a 40-year peak by
1990. In both cases, disease patterns shifted from homosexual men to include
minority heterosexuals. Over the last decade, gonorrhea became increasingly
concentrated among adolescents, and several new types of antimicrobial
resistance appeared. Three interrelated types of environments affect STD
patterns. The microbiologic, hormonal, and immunologic microenvironments
most directly influence susceptibility, infectiousness, and development of
sequelae. These microenvironments are shaped, in part, by the personal
environments created by an individual's sexual, substance-use, and health-related
behaviors. The personal environments are also important determinants of
acquisition of infection and development of sequelae but, in addition, they
mediate risk of exposure to infection. These are, therefore, the environments that
most directly affect changing disease patterns. Finally, individuals' personal
environments are, in turn, molded by powerful macroenvironmental forces,
including socioeconomic, demographic, geographic, political, epidemiologic, and
technological factors. Over the past 20 years, the profound changes that have
occurred in many aspects of the personal environment and the macroenvironment
have been reflected in new STD patterns.

I thank Sevgi Aral, Willard Cates, Jr., Ronald Fichtner, Allyn Nakashima,
John Ward, and Linda Wright-DeAguero for their valuable input to this article,
and Ed Johns and Diane Vitro for their excellent assistance with the figures and
tables.

REFERENCES

1. Grove, P. B., et al., eds. (1966) Webster's Third New International Unabridged Dictionary
(Merriam, Springfield, MA), p. 720.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

hange: The Impact of Human Ecology and Behavior on Disease Transmission

nfectious Diseases in an Age o
-/ nap eduicatalon/A772 html
OF HUMAN ECOLOGY AND BEHAVIOR ON SEXUALLY TRANSMITTED 155
DISEASES, INCLUDING HIV INFECTION

2. Merson, M. H. (1993) IXth International Conference on AIDS, June 6-11, 1993, Berlin, pp.
PS-01-1 (abstr.).

3. Centers for Disease Control and Prevention (1993) HIV/AIDS Surveill. Rep. 5, Vol. 4, p 5.

4. Centers for Disease Control and Prevention (1992) Morbid. Mortal. Wkly. Rep. 41, 463—468.

5. Centers for Disease Control and Prevention (1993) Morbid. Mortal. Wkly. Rep. 42, 547-557.

6. Centers for Disease Control and Prevention (1990) Morbid. Mortal. Wkly. Rep. 39, 81-86.

7. Centers for Disease Control and Prevention (1991) Morbid. Mortal. Wkly. Rep. 40, 358-369.

8. Rolfs, R. T. & Nakashima, A. K. (1994) Modern Epidemiology of Syphilis in the United States and

Western Europe in Syphilis, eds. Hook, E. W., III, & Lukehart, S. A. (Blackwell,

Cambridge, MA), in press.

9. Centers for Disease Control and Prevention (1993) Div. STD/HIV Prevent. Ann. Rep. (Cent. Dis.

Contr., Atlanta), pp. 103-174.

10. Gershman, K. A. & Rolfs, R. T. (1991) Am. J. Public Health 81, 1263-1267.

11. Aral, S. O., Schaffer, J. E., Mosher, W. D. & Cates, W., Jr. (1988) Am. J. Public Health 78, 702—

703.

12. Whittington, W. L. & Knapp, J. S. (1988) Sex. Transm. Dis. 15, 202-210.

13. Schwarcz, S. K., Zenilman, J. M., Schnell, D., Knapp, J. S., Hook, E. W., III, Thompson, S.,

Judson, F. N. & Holmes, K. K. (1990) J. Am. Med. Assoc. 264, 1413-1417.

14. Centers for Disease Control and Prevention (1993) Morbid. Mortal. Wkly. Rep. 42,29-39.

15. Rolfs, R. T., Galaid, E. I. & Zaidi, A. A. (1992) Am. J. Obstet. Gynecol. 166, 983-990.

16. Oriel, J. D. (1990) Int. J. STD AIDS 1, 7-9.

17. Cancer Unit for Microbiology and Immunology, World Health Organization (1987) Bull. World

Health Org. 65, 817-827.

18. International Agency for Research on Cancer (WHO) (1989) (Oxford Univ. Press, New York),

IARC Sci. Publ. No. 94.

19. Wasserheit, J. N. (1992) Sex. Transm. Dis. 19, 61-77.

20. Ehrhardt, A. A. & Wasserheit, J. N. (1991) in Research Issues in Human Behavior and Sexually

Transmitted Diseases in the AIDS Era, eds. Wasserheit, J. N., Aral, S. O., Holmes, K. K. &

Hitchcock, P. J. (Am. Soc. Microbiol., Washington, DC), pp. 97-121.

21. Aral, S. O. & Holmes, K. K. (1990) in Sexually Transmitted Diseases, eds. Holmes, K. K.,

Mardh, P. A., Sparling, P. F., Wiesner, P. J., Cates, W., Jr., Lemon, S. M. & Stamm, W. E.

(McGraw-Hill, New York), pp. 19-36.

22. Bullough, U. L. (1981) Science 213, 365-366.

. Rees, M. (1993) Lancet 342, 1375-1376.

24. Biggar, R. J., Brinton, L. A. & Rosenthal, M. D. (1989) J. Acquired Immune Defic. Synd. 2, 497—

502.

25. ACSF investigators (1992) Nature (London) 360, 407-409.

26. Centers for Disease Control and Prevention (1991) Morbid. Mortal. Wkly. Rep. 39, 929-932.

27. Greenberg, J., Magder, L. & Aral, S. O. (1992) Sex. Transm. Dis. 19, 331-334.

28. Johnson, A. M., Wadsworth, J., Wellings, K., Bradshaw, S. & Field, J. (1992) Nature (London)

360,410-412.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.
[\S)
w

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

hange: The Impact of Human Ecology and Behavior on Disease Transmission

nfectious Diseases in an Age o
n-/wny nap eduicatalon/A772 html
OF HUMAN ECOLOGY AND BEHAVIOR ON SEXUALLY TRANSMITTED 156
DISEASES, INCLUDING HIV INFECTION

29. Kost, K. & Forrest, J. D. (1992) Family Planning Perspectives 24, 244-254.

30. Billy, J. O. G., Tanfer, K., Grady, W. R. & Klepinger, D. H. (1993) Family Planning Perspectives
25, 52-60.

31. Aral, S. O. & Wasserheit, J. N. (1994) in African-Americans and Hispanics: The Role of
Behavioral and Psychosocial Factors, eds. Johnson, E. H., Amaro, H., Antoni, M., Jemmot,
J. & Szapocnik, J. (Praeger, New York).

32. Forrest, J. D. (1993) Obstet. Gynecol. 82, 105-111.

33. Ku, L., Sonenstein, F. & Pleck, J. (1993) Am. J. Public Health 83, 1609-1614.

34. Dolicini, M. M., Catania, J. A., Coates, T. J., Stall, R., Hudes, E. S., Gagnon, J. H. & Pollack, L.
(1993) Family Planning Perspect. 25,208-214.

35. Kingsley, L. A., Detels, R., Kaslow, R., Polk, B. F., Rinaldo, C. R., Chmiel, J., Detre, K., Kelsey,
S. F., Odaka, N., Ostrow, D., VanRaden, M. & Visscher, B. (1987) Lancet i, 345-349.

36. European Study Group (1989) Br. Med. J. 298, 411-415.

37. Sweet, R. L., Blankfort-Doyle, M., Robbie, M. O. & Schachter, J. (1986) J. Am. Med. Assoc.
255,2062-2064.

38. U.S. Department of Health and Human Services (1991) Third Triennial Report to Congress on
Drug Abuse and Drug Abuse Research (Natl. Inst. Drug Abuse/Alcohol, Drug Abuse and
Mental Health Admin., Bethesda, MD), DHHS Publ. No. (ADM)91-1704, pp. 13-29.

39. Drugs and Crime Data Center and Clearinghouse (1992) Fact Sheet: Drug Use Trends (U.S.
Dept. of Justice, Bureau of Justice Statistics, Washington, DC), pp. 1-5.

40. Rolfs, R. T., Goldberg, M. & Sharrar, R. G. (1990) Am. J. Public Health 80, 853—857.

41. Cates, W., Jr., & Stone, K. M. (1992) in Reproductive Tract Infections, eds. Germain, A.,
Holmes, K. K., Piot, P. & Wasserheit, J. N. (Plenum, New York), pp. 93—129.

42. Scholes, D., Daling, J. R., Stergachis, A., Weiss, N. S., Wang, S. & Grayston, J. T. (1993) Obstet.
Gynecol. 81, 601-606.

43. Mosher, W. D. (1990) Family Planning Perspectives 22, 198-205.

44. Mosher, W. D. & McNally, J. W. (1991) Family Planning Perspectives 23, 108—116.

45. Aral, S. O. & Holmes, K. K. (1991) Sci. Am. 264, 62—69.

46. Wallace, R. (1988) Environ. Res. 47, 1-33.

47. U.S. Department of Commerce (1992) Poverty in the United States: 1991 (Bureau of the Census,
Washington, DC) Current Population Rep., Series P-60, No. 181.

48. U.S. Department of Commerce (1990) Household Wealth and Asset Ownership: 1988 (Bureau of
the Census, Washington, DC) Current Population Rep., Series P-70, No. 22.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

ange: The Impact of Human Ecology and Behavior on Disease Transmission

GENITAL HUMAN PAPILLOMAVIRUS INFECTION 157

Genital Human Papillomavirus Infection

DOUGLAS R. LOWY , REINHARD KIRNBAUERAND JOHN T.
SCHILLER

Genital human papillomaviruses (HPVs) induce benign epithelial lesions of
the internal and external genitalia and are closely associated with several ano-
genital malignancies, especially cervical cancer. HPVs have long been recognized
as the etiologic agents of genital and nongenital warts. The involvement of these
DNA tumor viruses in so-called flat condylomata of the cervix was recognized in
the 1970s (1), which led to their identification in cervical cancers and other
malignant genital tumors. Genital HPV infection is almost always sexually
acquired, and the epidemiology of cervical cancer follows that of a sexually
transmitted condition (see ref. 2 for a review).

Genital HPV infection is not a reportable condition, and the estimates of
HPV prevalence vary widely depending upon the detection method used and
population studied. Nevertheless, most studies indicate that genital HPV infection
is even more common than genital infection with herpes simplex virus. For
instance, single point detection prevalence of >40% has been found in college
women in the United States (3). As with other sexually transmitted diseases, the
incidence of genital HPV infection in developed countries increased in recent
decades (4). An 8-fold increase in the incidence of genital warts was reported in
Rochester between 1950 and 1978 (5).

Douglas R. Lowy is chief and John T. Schiller is a senior investigator, Laboratory of
Cellular Oncology, National Cancer Institute, Bethesda, Maryland. Reinhard Kirnbauer is a
professor in the Dermatology Department, Vienna University Medical School, Vienna,
Austria.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

ange: The Impact of Human Ecology and Behavior on Disease Transmission

GENITAL HUMAN PAPILLOMAVIRUS INFECTION 158

The close relationship between genital HPV infection and genital
malignancies, described below, underscores the potential importance for
developing more effective management of this disease. Cervical cancer is the
second leading cause of cancer deaths in women worldwide (6). In many
developing countries, it is the leading cause of death from cancer in women. In
developed countries, the extensive use of the Pap (Papanicolaou) smear as a
screening test for precursor lesions of the cervix has resulted in a substantial
reduction in the incidence of cervical cancer (7). The incidence of cervical cancer
may be severalfold higher in developing countries where the Pap smear has been
employed more sparingly (2).

RELATIONSHIP BETWEEN HPV INFECTIONAND CERVICAL
CANCER

HPVs cannot be routinely cultivated, and serotypes have not been defined.
Instead, HPVs are typed by molecular hybridization of their genomes. By this
analysis, >70 distinct HPV genotypes (types) have been recognized and defined
since the 1970s (8). Significant clinicopathological correlations can be made for
many HPV types. It is useful to divide the HPVs into three broad classes:
genital-mucosal types, nongenital types, and epidermodysplasia verruciformis
(EV)-specific types. EV is a rare skin condition in which patients develop
widespread, chronic nongenital cutaneous HPV lesions (9). Almost one-half of
the known HPV types have been identified principally in EV patients. As with
other HPV types, the EV-specific types have a worldwide distribution in spite of
the small number of EV patients. The nongenital HPV types infect the nongenital
skin of the general population and induce common and plantar warts. These
lesions have an extremely low probability of oncogenic progression. Clinical
infection by the genital-mucosal HPV types (called genital types below) is found
most commonly in the internal and external genitalia, although these types may
also cause lesions in the upper aerodigestive tract, especially the mouth, pharynx,
and larynx.

Two major classes of genital HPV types have been identified, depending
upon their association with cervical cancer (reviewed in ref. 10). The "low-risk"
types, especially HPV6 and HPVI11, are almost never found in cervical
malignancies. They are most frequently isolated from external genital warts
(condylomata acuminata) or from benign cervical lesions. Viral DNAs from the
"high-risk" types, by contrast, are identified in most cervical cancers, although the
vast majority of lesions in which they are found are nonmalignant (reviewed in
ref. 11). HPV16 and HPV 18 are the types most frequently identified in cervical
cancers. In
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most areas, HPV16 is found in 40-60% of cervical tumors, with HPV18 being
present in another 10-20% (12—15). Most of the remaining tumors contain DNA
from other HPV types, such as HPV31, HPV33, and HPV45. About 10% of
cervical cancers lack detectable HPV DNA.

A wealth of epidemiological and molecular data now provide important
evidence for an etiologic relationship between HPV infection and cervical
cancer. The molecular data followed the identification of HPV16 and HPV18 in
the early 1980s (16, 17). Efforts to induce immortalization of human
keratinocytes with HPV DNA revealed that the high-risk HPV types scored
positive in this assay, while DNA from the low-risk types was negative (18-20).
Genetic analysis indicated that efficient keratinocyte immortalization required the
E6 and E7 genes from a high-risk HPV type (21-23). This result correlated with
the observation that these are the two viral genes that are preferentially retained
and expressed in cervical cancers and cell lines derived from these tumors (24,
25).

Both E6 and E7 encode multifunctional proteins. Among these functions, the
E6 protein binds and degrades the p53 tumor suppressor protein (26, 27), while
high-risk E7 protein binds the pRB tumor suppressor protein (28). These
activities are greater for the proteins from high-risk HPVs than from low-risk
HPVs (29-31). The apparent importance of these biochemical activities is
underscored by finding that the RB and p53 genes are mutationally inactivated in
cervical cancer cell lines that lack HPV, while these genes are wild type in HPV-
containing lines (32-34).

Much of the recent epidemiological data linking HPVs and cervical cancer
comes from analysis of the relationship between HPV infection and the
development of precursor lesions in the cervix. Depending upon the classification
scheme, these precursor lesions may be defined as mild, moderate, or severe
cervical intra-epithelial neoplasia (CIN 1, CIN 2, and CIN 3, respectively) or
low-grade squamous intra-epithelial lesions (SIL), corresponding to CIN 1, and
high-grade SIL, corresponding to CIN 2 and CIN 3 (35). It has been commonly
thought that CIN 1, CIN 2, and CIN 3 represent a morphologic and biologic
continuum. However, there is also support for the concept that CIN 1 and CIN 2—
CIN 3 are distinct HPV-induced entities with only CIN 2—CIN 3 lesions being
true progenitors of cervical cancer (36). Most of the cytologic abnormalities
detected in Pap screening are the result of these HPV-induced lesions.

Some earlier epidemiological reports did not identify infection with high-risk
HPV types as a major risk factor for cervical cancer precursor lesions. However,
these studies appear to have been flawed by false-positive and/or false-negative
viral DNA analysis (37). More recent evaluations, which utilize sensitive and
specific polymerase chain reaction (PCR) assays that appear to have overcome
earlier methodological
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difficulties, demonstrate that genital infection with high-risk HPV types is a
highly significant risk factor for the development of dysplastic cervical lesions
(38, 39). These studies estimated that infection with high-risk HPV represents a
relative risk of 30 or greater for the development of high-grade lesions.

The natural history of genital HPV infection has been incompletely
analyzed. This is due in large part to the high frequency of subclinical infection
and lack of a sensitive and specific serological assay for HPV infection.
Molecular hybridization and PCR amplification of DNA from exfoliated
cervico-vaginal cells has indicated that genital HPV infection is remarkably
frequent. The highest prevalence of HPV is found among sexually active women
<25 years old. Genital HPV is detected in ~10—-40% of these women. The
majority of these infections appear to be self-limited and not to be associated with
cytologic changes detectable by routine Pap screening. A minority of HPV-
positive women do develop low-grade cytological changes (40—42). High-grade
dysplasias, almost all of which are associated with high-risk HPV, are less
common, while an even smaller number of women develop invasive cervical
cancer. The highest incidence of high-grade lesions occurs in women who are >25
years old, while the highest incidence of cervical cancer occurs in women who
are >35 (42). These findings suggest that high-risk HPVs normally produce a
transient inapparent infection of the cervico-vaginal area. Persistent tissue
infection develops in some women, perhaps as a result of defects in as yet poorly
understood host defense mechanisms. Persistent lesions undergo progression to
cervical cancer in a subset of these women.

Although the prevalence of HPV disease in men may be similar to that
observed among females, the natural history of genital HPV infection in men is
even less well understood. Many lesions are inapparent, fewer exfoliated cells are
obtained from penile swabs making HPV DNA detection difficult, and biopsies
are seldom obtained. Nevertheless, a strong correlation between genital HPV
infection in men and CIN in their regular partners has been documented (43, 44).
The incidence of penile cancer is much lower than that of cervical cancer and may
not be as strongly associated with HPV infection. HPV DNA has generally been
detected in 20-50% of cases (45—47). Anal cancer in both men and women,
which is also relatively uncommon, is more strongly associated with HPV
infection. In two recent studies using PCR-based detection, HPV DNA was found
in ~70% of cases (46, 48).

Patients with cellular immune deficiency have higher rates of HPV infection
and tend to respond poorly to therapy (49). In this context, males and females
infected with human immunodeficiency virus (HIV) appear to be at greater risk
of developing persistent HPV infection, and
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HIV-positive women with cervical HPV infection are more likely to have high-
grade lesions (50).

MANAGEMENT OF GENITAL HPV LESIONS

The management of patients with genital HPV infections remains somewhat
controversial (51). In contrast to bacterial sexually transmitted diseases, specific
antimicrobial therapy for HPV infection is not yet available. Consequently, most
treatment for HPV infection relies on nonspecific therapy such as laser,
electrocautery, blistering agents, or agents that interfere with macromolecular
synthesis (52). The approach to treatment depends, at least in part, on the goals.
If the major purpose is to prevent cervical cancer, then perhaps treatment could
be limited to high-grade lesions. This would seem especially true if future studies
confirm the suspicion that low-grade lesions are not normally precursors of
high-grade lesions. Studies are currently being conducted to determine if high-
grade lesions missed by Pap screening and low-grade lesions with greater
potential for progression can be effectively identified. At present, DNA typing
for high-risk HPVs and cervicography, which produces high-resolution
photographic images of the cervix, are the most promising ancillary tests (53).
Even if these tests prove effective, some would argue it might be more cost
effective to treat all cervical lesions (51).

If the goal is to prevent spread of genital infection, it might be appropriate to
treat any genital HPV infection. Treatment would apply to men as well as
women. Although it may seem reasonable that successful treatment of visible
lesions should reduce the spread of HPV infection, there are no studies that
document the efficacy of this approach. A study to evaluate the effectiveness of
treating infected males found that it had no effect on recurrence rates of cervical
dysplasia following treatment in their female partners (54). HPV infection may be
multifocal, and some patients may have significant areas of subclinical infection.
Furthermore, HPVs have been shown to establish latency in the larynx (55), and
HPV DNA has been identified in normal genital epithelium (56). The high
prevalence of inapparent HPV infection makes it unclear whether treatment of
clinically apparent infection, in the absence of other measures, would have an
impact on the rate of genital HPV infection.

PROSPECTS FOR VACCINATION

These management considerations highlight the potential utility offered by
an effective vaccine against genital HPV infection. Genital
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HPVs cannot be efficiently propagated. Even if they could, there might be
theoretical objections to the use of an attenuated live or inactivated HPV for
vaccination, since the HPV genomes contain transforming genes. Attention has
therefore focused on the development of a subunit vaccine. Several lines of
evidence suggest this may represent a feasible long-term goal (reviewed in ref.
57). Since E6 and E7 are selectively maintained during oncogenic progression,
there is the possibility that peptides derived from these oncoproteins could serve
as targets for cell-mediated immune responses to HPV-containing tumor cells.
Some studies in animal models suggest that immunity against E7 (and also
against L.2) can induce tumor regression (58—60). However, the viral or cellular
determinants that are recognized during regression of genital HPV-induced
tumors in humans have not been identified. It is also unclear whether therapeutic
vaccines will be able to induce an effective immune response in the persistently
infected individuals (who appear to be most at risk of developing cancer), since
persistence might indicate a constitutive inability to recognize critical viral
determinants.

Perhaps the most encouraging experimental vaccine results come from
studies of immunoprophylaxis induced by the major and minor structural viral
proteins L1 and L2. Studies of the cottontail rabbit papillomavirus and bovine
papillomavirus type 1 (BPV1) and type 2 (BPV2) have demonstrated that
immunization with these proteins, singly or in combination, prevents
experimental infection in vivo (60-62). These studies have used protein produced
in bacteria or immunization with vaccinia vectors that express L1 and/or L2.
Immunized animals were protected even when their sera demonstrated
neutralizing titers of <100. The papillomaviruses in these two animal systems
induce cutaneous lesions and are therefore imperfect models for cervical HPV
infection. Protection from natural venereal transmission of a genital
papillomavirus has not been demonstrated, but rhesus papillomavirus, which
infects the genital tract of monkeys, might potentially serve as model to test this
possibility.

In our laboratory, we have expressed preparative amounts of the structural
viral proteins in insect cells through the use of baculovirus vectors (63). To assess
the potential utility of a prophylactic vaccine based on baculovirus-derived virion
proteins, we initially used BPV1, since infectious BPV1 can be readily obtained
from bovine lesions and a quantitative in vitro BPV1 infectivity assay is available
(64). Our BPV1 studies showed that expression of L1 alone in the insect cells
was sufficient for self-assembly of virus-like particles that could readily be
purified in preparative amounts (Figure 1). When rabbits were immunized with
the L1 particles, they elicited antisera that could neutralize BPV1 infectivity at a
dilution of 1:100,000. The neutralizing antibodies

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

nge: The Impact of Human Ecology and Behavior on Disease Transmission

163

GENITAL HUMAN PAPILLOMAVIRUS INFECTION

("00¥%‘7EX) "Ad0OSOIOTW U0 UOISSIWISURT)
£q pourwex? pue ‘9Jejode [Auein y)m paurels ‘sjudrpeid [Ds) oaneredard uo S[[0 109Ul PAJOJUI-SNIIAO[NIR] JUBUIGUOAI WOoIJ paryrnd drom
soponred oy pue ewoyjided dutroq e woiy payynd sem snaia oy, ‘soponied oi-sniA [T 9[AJH PUe [T IAdE PUE SMUIA [AdE Py | HINDIA

SHTOLIMVd 9TAJH SAIOLLYVd AdH SNUIA AdH

L

"uonnguile Joj UOISISA aAlelLIoyINe 8y} se uoneolgnd siy} JO UoisiaA julid 8y} ash ases|d "payasul Ajjejuspiooe usaq aAey Aew siolis olydelbodA) swos pue
‘paulelal aq jouued ‘lanamoy ‘Bumewoy oyoads-buasadAy 1ayjo pue ‘sajAis Buipeay ‘syealq plom ‘syibus| aull ‘{|eulbluo ay) 0} anJy ale syealq abed ‘sa|i BuiiesadAy
[euiblio sy} wolj Jou ‘Yooq Jaded [euiblLo sy} wWouy payeslo saji JNX Wolj pasodwosal usaq sey ylom [eulblio ayj Jo uonejuasaidal [e)ibip mau siy] 8y 4dd SIY} Inoqy

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

ange: The Impact of Human Ecology and Behavior on Disease Transmission

GENITAL HUMAN PAPILLOMAVIRUS INFECTION 164

were directed against conformational epitopes, in that denaturation of the
particles prior to immunization abolished the ability of the preparation to induce
neutralizing activity.

When efforts were made to extend this approach to the L1 of HPV 16, only
rare virus-like particles (three orders of magnitude less than with BPV) were
detected when the source of L1 was from the widely used prototype strain of
HPV16. Since reasonable self-assembly had also been observed for the low-risk
HPVI11 L1 (65), this observation suggested either that high-risk HPVs
inefficiently self-assemble or that the L1 gene from the HPV 16 prototype strain
might contain one or more mutations that prevented efficient particle assembly.
The latter possibility was given serious consideration, since the HPV16 genome
from prototype strain had been molecularly cloned from a cervical cancer, which
presumably did not make virus particles. If this speculation were correct, HPV16
L1 from a nonprogressed lesion, which presumably produced virus particles,
might self-assemble with greater efficiency. We therefore tested, in collaboration
with Matthias DUrst and Lutz Gissmann from the German Cancer Research
Center in Heidelberg, the L1 genes from each of two HPV16 genomes that they
had cloned from cases of benign condyloma accuminata. Both of these L1 genes
were found to express proteins that self-assembled with an efficiency similar to
that of BPV1 L1 (Figure 1) (66). Sequencing of the L1 genes from these two
genomes revealed that both genes encoded aspartate at codon 202, while L1 from
the prototype strain was histidine at this codon. This was the only coding
difference between the prototype strain and one of the L1 genes whose protein
self-assembled efficiently. These results indicate that the L1 from the HPV16
prototype strain is a mutant and that wild-type HPV16 L1 efficiently self-
assembles.

When the L2s from BPV1 and HPV16 were expressed in the insect cells
along with their corresponding L1s, they were found to be incorporated into the
virus-like particles (66). The presence of L2 in the particles apparently increased
the efficiency of particle formation, since HPV16 L1/L2 preparations contained
about four times as many particles as those made with L1 only. However, the BPV
L1/L2 particles did not induce higher levels of neutralizing activity than BPV L1
particles (unpublished data).

The availability of HPV16 virus-like particles has enabled us to develop, in
collaboration with Cosette Wheeler and Thomas Becker from the New Mexico
Tumor Registry, an ELISA that detects antivirion serum antibodies in the
majority of women who test positive for genital HPV16 DNA. In an analysis of
122 women with known genital HPV DNA status, 63% (34/54) of patients who
were positive for HPV16 DNA were positive in the ELISA, while 4% (2/33) of
negative controls were positive
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(67). A representative assay is depicted in Figure 2. Patients with a higher load of
HPV16, as estimated from molecular hybridization, were more likely to be
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conformational epitopes or that a subset of the women with HPV18 or HPV31
infection had been previously infected with HPV16 and remained seropositive.

The development of virus-like particle ELISAs for other HPV types should
provide information on the serological relationship between the virions of
different HPV types. By using particles from several HPV types, it should be
possible to develop an ELISA that recognizes the majority of high-risk HPV
infections. The clinical utility of this type of assay remains to be determined,
especially since a substantial minority of women with HPV16 infection are
negative in the assay. However, these assays should help to determine the extent
of antivirion humoral immunity induced during natural genital HPV infections
and if there are serological subtypes of HPV16 or other genital HPVs. This
information will be important when the components for a multivalent virus-like
particle vaccine to prevent genital HPV infection are considered. In addition, the
ELISA will be useful to evaluate seroconversion in virus-like particle vaccine
trials in animals and, perhaps ultimately, in humans.

SUMMARY

Genital human papillomavirus (HPV) infection is a common sexually
transmitted disease that at the present time is not effectively controlled or treated.
Many infections are inapparent and transient. However, some HPV infections
result in persistent lesions that in some cases undergo carcinogenic progression. A
subset of genital HPVs, designated high-risk types, are preferentially associated
with high-grade dysplasias and carcinomas. About 90% of cervical cancers
contain high-risk HPV DNA, most often HPV16. Development of a subunit
vaccine against high-risk genital HPVs is a desirable and, it appears, an
increasingly feasible long-term goal. The viral E6 and E7 oncoproteins are
selectively maintained and expressed in progressed HPV tumors and could
potentially be targets for therapeutic vaccines. The L1 major virion structural
proteins have recently been shown to self-assemble into virus-like particles when
expressed in insect cells. These particles might serve as the basis for a
prophylactic vaccine to prevent genital HPV infection.
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Herpes Simplex Virus Infections of Women
and Their Offspring: Implications for a
Developed Society

RIC HARD J. WHITLEY

While herpes simplex virus (HSV) infections of humans have been
recognized since ancient times (1, 2), it was not until the 18th century that
Astruc, physician to the King of France, identified herpes as a cause of genital
infection (3). Subsequently, in 1893, Vidal reported human-to-human
transmission of HSV infections, identifying the necessity of intimate human
contact for spread of infection (2). Studies of the host immune response to HSV
during the early 20th century provided insight into a unique property of HSV
infection—namely, that neutralizing antibodies were identified in the sera of
adults who subsequently developed recurrences, a phenomenon known as
reactivation of latent infection (4). Neonatal HSV infection was not described
until the 1940s (5, 6); however, the association between newborn disease and
genital HSV infection was not made until the late 1960s (1).

With the evolution of our society in developed countries, particularly
increasing sexual freedom associated with advances in birth control, and the
emergence of sexually transmitted diseases, both horizontal (sexual partners) and
vertical (mother to baby) transmission of HSV infection has become prevalent.
Today, genital HSV infection exists in over 60 million Americans, most of
child-bearing age, and results in the majority of the 1600 cases of neonatal herpes
that occur yearly in the United

Richard J. Whitley is professor of pediatrics, microbiology, and medicine at the
University of Alabama, Birmingham.
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States. This article will review the changing epidemiology of genital and
neonatal HSV infections with emphasis on the current status of therapy of the
newborn, the cost of disease to society, and the need for the development of
appropriate preventive strategies. Since the infected newborn is most likely to
develop life-threatening disease and, therefore, incur the greatest costs to society,
the baby becomes the starting point for our considerations.

INCIDENCE OF NEWBORN INFECTION

Although centers in the United States caring for infants with neonatal HSV
infections have observed fluctuations in disease incidence, the estimated rate of
occurrence is approximately 1 in 2500 to 1 in 5000 deliveries yearly (7-9). For
unknown reasons, several countries worldwide, such as Africa and the United
Kingdom, do not appear to recognize a significant number of cases of neonatal
HSYV infection in spite of the high prevalence of antibodies to HSV-2 (10, 11). In
fact, the incidence of neonatal HSV infections in the United States may reflect the
decreasing prevalence of HSV-1 antibodies and, therefore, the absence of
transplacental humoral immunity, which might confer protection to the fetus.

PATHOGENESIS OF NEONATAL HSV INFECTIONS

At least four factors influence the incidence of newborn HSV disease. The
first is the type of maternal genital infection at the time of delivery. The duration
and quantity of viral excretion and the time to total healing vary with primary,
initial, and recurrent maternal genital infections, such that primary, initial, and
recurrent maternal genital infections, such that primary is most and recurrent is
least severe (12, 13). Primary infection is associated with the excretion of 10°~108
plaque-forming units of HSV for as long as 14-21 days. In contrast, recurrent
infection is associated with a shorter duration of viral excretion (namely, 3-5
days) and at lower quantities (about 10? plaque-forming units of HSV). The
incidence of neonatal herpes in babies born to women with primary or initial
genital HSV infection is higher (33%) than those with recurrent infection (3%)
(14). Second, the mother's HSV antibody status at delivery influences the severity
of maternal infection as well as the likelihood of transmission. Transplacental
maternal neutralizing and antibody-dependent cell-mediated cytotoxic (ADCC)
antibodies have at least an ameliorative effect on acquisition and severity of
infection for babies exposed to virus (15-18). Maternal primary infection late in
gestation usually does not result in significant passage of maternal transplacental
antibodies and, therefore, will increase risk to the fetus
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(19). Third, the duration of ruptured membranes is an important indicator of risk
for acquisition of neonatal HSV infection. Prolonged rupture of membranes (>6
hr) appears to increase the risk of fetal acquisition of infection, probably as a
consequence of ascending infection from the cervix (7). Fourth, the application of
fetal scalp monitors in the labor and delivery suite increases the risk of neonatal
HSYV infection by providing a site of inoculation of virus (20, 21). It should be
remembered that between 20% and 60% of women of child-bearing age are
HSV-2 seropositive, as discussed below. Thus, the probability of reactivation of
latent virus, for the delivery population as a whole, increases and then provides a
source of virus for scalp-electrode infection.

HSYV infection of the newborn can be acquired at one of three times: in utero,
intrapartum, or postpartum. The mother is the usual source of infection.
Intrauterine infection occurs in “5% of all babies with neonatal HSV infection.
These children usually have evidence of skin scarring/lesions at birth,
chorioretinitis, and/or hydranencephaly. Intrapartum transmission accounts for
about 85% of all cases and results from direct contact of the fetus with infected
maternal genital secretions at delivery. Postnatal acquisition accounts for *;10%
of cases and is the consequence of contact of the baby with an environmental
source of HSV, usually a family member or care giver (22-31). Data from the
National Institute of Allergy and Infectious Diseases (NIAID) Collaborative
Antiviral Study Group (CASG) indicate that the frequency of babies with
neonatal HSV-1 infections is nearly 30% (16). Since HSV-1 accounts for only
“15% of all genital HSV infections in the United States, concern for postnatal
acquisition should be high. However, family are as likely, if not more so, to be
the source of newborn infection as nurses or hospital aides on the newborn or
obstetrical services.

Since the mother is the source of infection in a majority of cases, an
understanding of the changing epidemiology of genital HSV infection in women
of child-bearing age is essential.

EPIDEMIOLOGY OF MATERNAL HSV INFECTIONS

Type-specific reagents that allow for the unequivocal distinction between
HSV-1 and HSV-2 infections have provided the opportunity to define the
changing seroprevalence of HSV-2 infections worldwide. The appearance of
type-specific HSV-2 antibodies positively correlates with the onset of sexual
activity (32-34), although crowded living conditions may contribute to infection
(35, 36). The seroprevalence of HSV-2 in healthy women ranges from 10% to
60% in Americans to 77% in Ugandans (37). As many as 50-60% of lower
socioeconomic women in the United States and elsewhere develop antibodies to
HSV-2 by early
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adulthood (38). Antibodies to HSV-2 are virtually nonexistent in nuns (32, 39,
40). Sera collected from pregnant women in the mid-1980s from Padua, Italy, and
Orebro and Stockholm, Sweden, defined seroprevalence rates varying between
8% and 28%. Over the ensuing decade, these rates have increased 2-fold. Type-
specific antibodies have been found in “35% of middle class women and 10-20%
of women in higher socioeconomic groups in the United States (41-45).

Overall in the United States, HSV-2 seroprevalence increases from 6.9% at
15-29 years of age to 23.4% by the age of 60. When populations are analyzed
according to race, these prevalence rates become 4.6% and 19.7% for Caucasians
and 21.8% and 64.7% for Blacks, respectively (46). Factors found to influence
acquisition of HSV type 2 include sex (women greater than men), race (people of
color more than Caucasians), martial status (divorced versus single or married),
and place of residence (city greater than suburban) (47). Clearly, seropositive
pregnant women have the capability of reactivating HSV-2 at the time of delivery
and, therefore, transmitting infection to their child.

The most important factor that influences acquisition of infection obviously
is intimate exposure to an infected individual. Thus, rates of infection are
influenced by the number of sexual partners (48—50). For heterosexual women
living in the United States, the probability of acquisition of HSV-2 for those
having one partner was <10%. The probability increased to 40%, 62%, and >80%
if the number of total lifetime sexual partners increased to 2—10, 11-50, or >50,
respectively. For heterosexual men, similar data were 0% for one lifetime sexual
partner and 20%, 35%, and 70% for each of the subsequent three risk groups,
respectively (47). With discordant antibody status between sexual partners, a
susceptible female may become infected by an infected partner, creating risk if
the woman is pregnant, especially if at term (51).

From the above data, it is apparent that the incidence of HSV-2 infection is a
function of exposure to infected individuals; therefore, those with the largest
number of sexual partners are most likely to acquire infection within any time
frame. In one prospective study of low-risk individuals—namely, college
students in Columbia, South Carolina, incidence was ~2% per year over 4 years
(22). The rate of acquisition of HSV-2 infection during pregnancy was 0.2% in
Northern California and 2.5% in Birmingham, Alabama.

MATERNAL GENITAL HERPES SIMPLEX INFECTIONS:
CLINICAL AND VIROLOGIC PARAMETERS

From the seroprevalence data, genital HSV infection in the woman—
pregnant or otherwise—is common. A serious, but uncommon, problem
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encountered with HSV infections during pregnancy is that of widely disseminated
disease whereby infection can involve multiple visceral sites, in addition to
cutaneous dissemination (52-57). Before the availability of acyclovir therapy, the
mortality among these pregnant women is reported to be >50%. Fetal deaths
occurred in >50% of cases, although mortality did not correlate with the death of
the mother.

Maternal primary infection prior to 20 weeks gestation has been associated
with spontaneous abortion but not at a high incidence (45). Primary infection
during gestation also has been associated with fetal disease in utero (58, 59).
Infection that occurs later in gestation has not been associated with the
termination of pregnancy (60-62), but fetal morbidity has been documented, as
evidenced primarily by intrauterine growth retardation (63).

Localized genital HSV infection is the most common form of infection
during pregnancy. Prospective investigations indicate that genital HSV infection
occurs at a frequency of about 1% at any time during gestation, as reviewed (7, 64,
65). Most of these infections have been considered recurrent. The frequency of
HSV recurrences during gestation should be of concern to women with known
histories of infection. Transmission of infection to the fetus is most frequently
related to shedding of virus at the time of delivery. Since HSV infection of the
fetus is usually the consequence of contact with infected maternal genital
secretions at the time of delivery, the determination of viral excretion at this time
is of importance. The actual incidence of viral excretion at delivery has been
suggested to be 0.01-0.39% for all women, irrespective of past HSV history (7,
44, 66—68). For women with a past history of genital herpes, in a predominantly
white, middle-class population, documented recurrent infection occurred in 84%
of pregnant women (68). Moreover, asymptomatic viral shedding occurred in at
least 12% of the recurrent episodes. Viral shedding from the cervix occurred in
0.56% of symptomatic infections versus 0.66% of asymptomatic infections (44,
66, 69). The incidence of cervical shedding in pregnant women with
asymptomatic HSV infection has been reported to average = 3.0% (70). The
observed rate of shedding among pregnant women with asymptomatic infection
has varied more than that among nonpregnant women (from 0.2% to 7.4%),
depending upon the study population and trial design (44, 62, 66, 71, 72). The
frequency of recurrences has not been shown to be different from one pregnancy
to the next for any given woman (72). Overall, these data indicate that the
frequency of cervical shedding is low, rendering the risk of transmission of virus
to the infant similarly low when the infection is recurrent in nature (7). The
frequency of shedding does not appear to vary by trimester during gestation (68,
71). Given the high seroprevalence of maternal infection, protection for the
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fetus must exist or the incidence of neonatal disease would be significantly
higher.

Importantly, 70% of infants who develop neonatal disease are born to
women who are completely asymptomatic for genital HSV infections at the time
of delivery and have neither a past history of genital herpes nor a sexual partner
reporting a genital vesicular rash (16). Only 20% of these mothers reported
genital HSV infection in their sexual partners.

CLINICAL PRESENTATION

The clinical presentation of babies with neonatal HSV infection is a direct
reflection of the site and extent of viral replication. The significance of clinical
presentation in the context of developing and developed societies is of utmost
relevance in that it teaches the biomedical investigator of useful approaches to
decision amelioration. Neonatal HSV infection is almost invariably symptomatic
and frequently lethal. Infected babies are divided into three categories—namely,
those with (7) disease localized to the skin, eye and/or mouth; (ii ) encephalitis
with or without skin, eye and/or mouth involvement; and (iii) disseminated
infection, which involves multiple organs, including central nervous system,
lung, liver, adrenals, skin, eye, and/or mouth (7, 73). Table 1 summarizes disease
classification of 291 babies with neonatal HSV infections studied by the NIAID
CASG.

Disseminated Infection

Babies with the worst prognosis for both mortality and morbidity are those
with disseminated infection. Disseminated disease involves multiple organs,
especially the lung, liver, adrenal glands, and brain. Encephalitis appears to be a
common component of this form of infection, occurring in about 60-75% of
children with disseminated infection. Mortality in the absence of therapy exceeds
80%; all but a few survivors are impaired. These babies appear not to receive
transplacental antibodies.

Encephalitis

Nearly one-third of all babies with neonatal HSV infection have encephalitis
only. Babies with disseminated infection probably seed the brain by a blood-
borne route, resulting in multiple areas of cortical hemorrhagic necrosis. In
contrast, babies who present with only encephalitis likely have axonal
transmission of virus to the central nervous system. Death occurs in 50% of
babies with localized central nervous
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system disease who are not treated and is usually related to brain stem
involvement. With rare exceptions, survivors are left with neurologic impairment
(74, 75).

TABLE 1 Demographic and clinical characteristics of infants enrolled in NIAID
collaborative antiviral study

Disease classification

Characteristic Disseminated CNS Skin, eyes, or
mouth
No. of babies 93 (32) 96 (33) 102 (35)
No. of male/no. female 54/39 50/46 51/51
No. Caucasian/no. other ~ 60/33 73/23 76/26
No. premature (<36 wk) 33 (35) 20 (21) 24 (24)
Gestational age, wk 36.5+04 37.9+04 37.8+£0.3
Enrollment age, wk 11.6 £0.7 17.4+0.8 121 +x1.1
Maternal age, yr 21.7+£0.5 23.1+£0.5 22.8£0.5
Clinical findings
Skin lesions 72 (77) 60 (63) 86 (84)
Brain involvement 69 (74) 96 (100) 0(0)
Pneumonia 46 (49) 44 3(03)
Mortality at 1 yr* 56 (60) 13 (14) 0(0)

Neurologic impairment
of survivors (no.
affected/total no.)

Total 15/34" (44) 45/81T (56)  10/93% (11)
Adenine arabinoside 13/25% (50) 25/511 (49)  3/34t (9)
Acyclovir 1/6T (17) 18277 (67)  4/51T (8)
Placebo 1/21 (50) 2/3T (67) 3/81 (38)

CNS, central nervous system. Numbers in parentheses are percentages.
* Regardless of therapy.
T Denominators vary according to number with follow-up available.

Skin, Eye, and/or Mouth Infection

Infection localized to the skin, eyes and/or mouth is associated with no
mortality, but it is associated with morbidity. These babies tend to receive large
quantities of transplacental neutralizing and ADCC antibodies. Approximately
30% of these children eventually develop evidence of neurologic impairment (73—
77). The significant neurologic findings include spastic quadriplegia,
microcephaly, and blindness. Important questions regarding the pathogenesis of
delayed onset neurologic debility are raised by such clinical observations. Despite
normal clinical examinations in early infancy, neurologic impairment has become
apparent between six months and 1 year of life. The clinical presentation is
similar to that associated with congenital toxoplasmosis or syphilis.
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TREATMENT OF NEONATAL HSV INFECTION

While both vidarabine and acyclovir are efficacious therapies for neonatal
HSYV infection, acyclovir is the treatment of choice in spite of not being licensed
for this disease because of established safety for other indications (77). Acyclovir
is an acyclic analog of guanosine. Virusspecified thymidine kinase
phosphorylates acyclovir to its monophosphate derivative, an event that does not
occur to any significant extent in uninfected cells. Acyclovir is then
phosphorylated by cellular enzymes to its triphosphate derivative. Acyclovir
triphosphate binds viral DNA polymerase, acting as a DNA chain terminator (78,
79). At levels 30 times higher than those used clinically, acyclovir can be
teratogenic in the in vitro limb-bud assay, but other animal studies indicate that
acyclovir is not a significant teratogen (80). Acyclovir is not a significant
mutagen in the Ames test but induces chromosomal mutagenic events in a
manner similar to that of caffeine (80). Because of the occasional need for
acyclovir therapy during pregnancy, as well as the likelihood of frequent first
trimester exposures to drug before pregnancy is recognized, an "Acyclovir in
Pregnancy Registry" is established to gather data on all reported prenatal
exposures to oral acyclovir. Though no significant risk to the mother or fetus has
been documented, the total number of monitored pregnancies remains too small
to detect any epidemiologic risk that is not overwhelming (81). The safety of
acyclovir in pregnancy, therefore, has not been unequivocally established. Since
acyclovir crosses the placenta and can concentrate in amniotic fluid, there is valid
concern about the potential for renal toxicity in the fetus (82). Limited data
suggest the safety of acyclovir administration near term for mother and fetus
(83).

The efficacy of vidarabine therapy (15 mg per kg per day over 12 hr as a
continuous infusion for 10-14 days) rests on the demonstration of a decrease in
mortality from 75% to 40% in infants with either disseminated or isolated central
nervous system disease, and “50% of survivors developed normally (76).
Furthermore, therapy decreased progression of disease from localized skin, eye,
and mouth involvement to either encephalitis or disseminated disease from 70%
in placebo recipients to 32% in vidarabine-treated babies. A subsequent clinical
trial at 30 mg per kg per day for 10-14 days decreased progression to 4%.
Although there were no deaths among infants with skin, eye, and mouth
infection, severe neurologic impairment was decreased from 30% to 10% with
vidarabine therapy (74).

Subsequent clinical trials have compared vidarabine to acyclovir for
neonatal HSV infections. The NIAID CASG compared outcome for 202 babies
with neonatal HSV infection who were randomly treated with
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either acyclovir or vidarabine (84). Mortality and morbidity data are summarized
in Figure 1 and Table 2, respectively. Notably, there is no difference in mortality
between treatment groups. Overall, the mortality was 0%, 18%, and *;55% for
babies with skin, eye, or mouth disease, encephalitis, or disseminated infection,
respectively. For babies with skin, eye, and mouth infection, there were no
deaths; 90% and 98% of vidarabine and acyclovir recipients, respectively, were
developing normally at 2 years of age. For babies surviving encephalitis, 50% of
acyclovir recipients and 43% of vidarabine recipients were developing normally.
For survivors of disseminated infection, 62% and 57% of vidarabine and
acyclovir recipients, respectively, were normal at a 24-month follow-up. Thus, no
significant differences exist between acyclovir and vidarabine therapy for any
form of neonatal HSV infection.

Skin, eyes, or mouth, vidarabine (n = 31) or acyclovir (n = 54)

CNS, vidarabine (n = 36)

CNS, acyclovir (n = 35)

o
c
=
g
w Disseminated, vidarabine (n = 28)
13 )
5 =
3 Disseminated, acyclovir (n = 18)
= 03
o

0.2 1

0.1

1 i PR SRRy

0 60 120 180 240 300 360
Survival (days)

FIGURE 1 Survival of babies with neonatal HSV infection, according to
treatment and the extent of disease. CNS, central nervous system. [Reproduced
with permission from ref. 84 (copyright New England Journal of Medicine).]

Models of relative risk predicting patients at greatest likelihood for death or
severe neurologic sequelae have been applied to the data, as
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indicated in Table 3. From these data, if disease can be limited to the skin, eye, or
mouth, clinical outcome is far superior to any other form of disease. It appears as
though the quantity of transplacental maternal antibodies correlates positively to
disease that remains limited to the skin, eye, and mouth. A confounding variable,
however, is the recognition of ADCC antibodies on the sera of babies who
present with encephalitis (18).

TABLE 2  Assessment of morbidity after 12 months in infants with
neanatal HSV infection treated with vidarabine or acyclovir

X Alive atber
Maorbidity after 12 mo g Dead
Extent of Sub- marbidity  within
disease Wormal Mild Moderate Severe total unknown 12 mo Total
Skin, eye, or
mouth
infection
Vidarabine 22 1 1 1] 25 & /] i |
Acyclovir 45 ] 1 L] 46 8 o L2 |
Central nemvous
system
infection
WVidarabine 13 1 5 n o1 3 36
Acylovir 8 5 6 B 12 3 35
[Msseminated
disease
Vidarabine 7 1 a 4 12 2 14 28
Ayclovir 3 1 1] 1 L S | 11 18
Tistal 58 ¢ 13 2% 146 21 335 2R

The valises given are the numbers of infants. [Modified and reprinted with permission
from red. &4 (copyright Mew England Jouwmal of Medicine).]

To improve outcome, it will be necessary to develop strategies that prevent
the development of encephalitis or disseminated disease and institute therapy
before coma ensues. Furthermore, neurologic impairment of babies with disease
localized to the skin, eyes, and mouth emphasizes the need to further investigate
pathogenic mechanisms and treatment options.

COST-BENEFIT ANALYSES OF ANTIVIRAL THERAPY

The deployment of acyclovir in the treatment of neonatal HSV infections
and recognition of enhanced survival but with persistent morbidity prompted a
cost-benefit analysis of the value of antiviral therapy from a societal perspective.
Defining costs as documented for
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TABLE 3 TPrognostic factors identified by multivariate analyses for
neonates with HSV infection

Relative risk
Dominant factors Mortality Borbidity

Todal group (v = 202)
Extent of discase

Skin, eyes, or maath 1 1
' S.B* 4+.4°

Disseninated i Ay
Lovel of conscousness

Alert gr lethargic 1 [

Semicomatase or comatose 5. M5
Dissemninated intravascular coagulopathy 3.5 NS
Prematurity r NS
Virus type

1 23 i

F 1 4 oF
Sedrures MS A

Infants with disseminated disease (0 = 48]

Diszeminaled intravascular coagulopathy 3.5 NS
Level of consclousness

Alert or lethargic 1 1

Semlcomatose or comatoss 39 4100
Preumonia R (]

Infants with CMS Involvement (r = 71}
Level of comaciousness

Alert or lethargic 1 NS
Srmicomatose or comatose £.1% NG
Trematurity i NS
Seizures NS a4

Irfanks with infection of the skin, eyes, or mouth (r = 83}
Mo, of skin-vesicle recurrences

=3 MA 1

=3 HA 21*
Virus type

1 HA 1

2 MA 4%

CMS, central nervous system; NS5, nof statstically significant (P > 005k MA, not
applicable (no baby with disease confined to the skin, eyes, or mouth died). [Madifed and
reprinted with permission fram ref. 92 (copyright Mew England Joumnal of Medicing). ]
P00

TP 005

FRecanme af the carrelation berween vinos type and skin-veside recarmenog, vinis Dpe was
nat significant in the multivariate model; however, it whs significant a5 & singhe fzcter.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

nfectious Diseases in an Age of Change: The Impact of Human Ecology and Behavior on Disease Transmission
n-/aww nap edu/catalon/4772 himll
RP MPLEX VIRUS INFECTIONS OF WOMEN AND THEIR OFFSPRING: 182
IMPLICATIONS FOR A DEVELOPED SOCIETY

the care of children at the University of Alabama at Birmingham and
assuming an annual incidence of disease of 1600 cases per year, acyclovir
treatment had no significant effect on the direct costs of health care for babies
with disease, as would be anticipated. However, indirect costs, as associated with
the long-term care of the child with neonatal HSV infection, are significantly
decreased. The overall reduction of costs to society was from $250,000,000 per
year to approximately $215,000,000 (85). In addition to providing an objective
assessment of the impact of antiviral therapy on this disease, the model provides
an approach to defining the potential value of improvement for subsequent
clinical trials, particularly those involving therapeutic interventions.

PREVENTION OF NEONATAL HSV INFECTION

With the increased awareness of serious neonatal HSV infection occurring
as a consequence of maternal genital herpes, methods of prevention have attracted
attention. An unnecessarily high frequency of Cesarean sections occurs in
individuals with a history of recurrent genital herpes. In large part, this increased
frequency of Cesarean section is related to maternal request as well as litigious
concerns. Several questions remain to be resolved regarding the value of cesarean
section in the prevention of neonatal HSV infections. While surgical delivery has
been associated with decreased transmission of infection when membranes are
ruptured <4 hr, Cesarean section has not been proven efficacious when
membranes are ruptured for longer periods of time. Nevertheless, it has been
recommended that when membranes are ruptured for up to 24 hr, there is still a
time frame within which Cesarean section is of value. While these
recommendations seem logical, no data exist from adequately performed clinical
investigations to support the recommendation.

Antiviral Prophylaxis

Some investigators have suggested that acyclovir may be useful in
preventing the occurrence of neonatal HSV infections in infants who are
delivered unknowingly through an infected birth canal. The prophylactic use of
acyclovir has also been suggested in pregnant women who have a known history
of recurrent genital lesions. No data exist that establish the value of prophylactic
antiviral therapy for the newborn. Such recommendations will be of importance
in considering the option of vaginal delivery for the women excreting virus at the
time of onset of labor.

Suppressive therapy of genital herpes in women with a known history
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of recurrent infection may pose significant but undefined risk to the fetus.
Suppressive therapy in women with recurrent genital herpes may not prove
efficacious. It already has been established from the trials of suppressive
acyclovir administered to individuals with frequently recurrent genital herpes that
reactivation of virus can occur in spite of the administration of 200 mg of
acyclovir three times daily (86). It is not unreasonable to think that virus shedding
could occur in women taking acyclovir for suppressive therapy for recurrent
genital HSV infection during the last 4 weeks of gestation. Furthermore, the
pharmacokinetics and metabolism of acyclovir in the human fetus are totally
unknown, although a small study of acyclovir's tolerance and pharmacokinetics
at term appears reassuring (83, 87). The possibility of acyclovir fetal
nephrotoxicity introduces a potential risk of drug administration, which must be
considered. In addition, it must be recognized that the women who are at greatest
risk for delivering babies who develop neonatal HSV infection are those least
likely to have a history of recurrent genital HSV infection. Thus, those at greatest
risk remain to be identified. Perhaps, the detection of type-specific antibodies to
glycoprotein (g) G-2 will be of value in identifying those women at greatest risk.

Immunoprophylaxis

Over the past several years, attention has been directed to two arenas of
immunoprophylaxis: monoclonal antibody administration and immunization. The
technology that has allowed for the humanization of murine monoclonal
antibodies as well as the development of human monoclonal antibodies may
provide compounds that could be administered to babies delivered through
infected birth canals (88, 89). In so doing, the newborn child might be provided a
similar level of antibodies as that encountered from transplacental maternal
antibody acquisition. Studies performed in newborn mice indicate that
administration of either gB- or gD-humanized monoclonal antibodies can
significantly decrease acquisition of mice subsequently exposed to HSV (89, 90).
It should be noted that these antibodies may have therapeutic value when
administered alone or with acyclovir (ref. 91; E. Kern, P. E. Vogt, J. Palmer, M.
S. Co, and R.J.W., unpublished results).

Alternatively, the administration of a vaccine—either gB or gD subunit or
live-attenuated—to susceptible individuals might prevent primary infection late in
gestation and, therefore, shift the risk of the child exposed to HSV at delivery to
at the worst 3% for disease acquisition instead of 33%. One promising candidate
subunit vaccine from Chiron is undergoing extensive field trials to prevent
genital HSV infection and, possibly, to treat individuals with frequently recurrent
infection. Likely,
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studies with a subunit vaccine will be undertaken in the future in pregnant women
or those about to conceive.

CONCLUSION

Significant progress has been made in the diagnosis and management of
neonatal HSV infection over the past two decades. Nevertheless, this disease
continues to increase among all socioeconomic groups of our society. As the
disease has become recognized in the United States, it has become similarly an
ever-increasing problem in third world countries. The lack of adequate health
care delivery systems in third world countries should cause greater attention to
vaccine development. Future efforts must be directed toward the prevention of
this disease rather than treatment after its occurrence.

SUMMARY

Herpes simplex virus infections of humans have been known since ancient
times. Contemporary society has witnessed a series of devastating manifestations
of herpes simplex virus infections—namely, genital herpes simplex virus
infection and neonatal herpes simplex virus infection. With the evolution of
society, particularly advances in birth control and increasing promiscuity, the
seroprevalence of herpes simplex virus type 2 infections has increased
worldwide, however, more so in developed societies. As a consequence,
individuals of child-bearing age are at risk for either reactivation of herpes
simplex virus at termination of gestation or acquisition of a new primary infection
at that time. The consequences of vertical transmission of herpes simplex virus
from mother to child, resulting in neonatal herpes simplex virus infection, can be
devastating. Current efforts, which are directed toward the treatment of neonatal
herpes, have established the value of drugs such as vidarabine and acyclovir.
However, the real emphasis for future programs is the prevention of herpes
simplex virus infections to avoid person-to-person transmission either
horizontally or vertically. The development of vaccines directed against herpes
simplex virus may be of value toward this end.
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Human Ecology and Behavior and Sexually
Transmitted Bacterial Infections

KING K. HOLMES

The four major bacterial sexually transmitted diseases (STDs), gonorrhea,
chlamydial infection, syphilis, and chancroid, all rank together with human
immunodeficiency virus (HIV) infection among the top 25 diseases causing loss
of healthy days of life in a representative high prevalence urban area of sub-
Saharan Africa (1). The prevalence of bacterial STDs in many developing
countries is extremely high (2). In China and Thailand, where national STD
surveillance systems do exist, major epidemics of bacterial STDs have occurred
in recent years (Figures. 1 and 2). In contrast, every Western industrialized
country but one has eradicated chancroid as an endemic disease and dramatically
reduced the incidence of gonorrhea and syphilis during the AIDS era. Many are
bringing chlamydia under control. Only the United States allowed gonorrhea,
syphilis, and chancroid to go out of control during the AIDS era, as summarized
elsewhere in this issue by Wasserheit (3), and the United States has failed to
implement a country-wide chlamydia control program.

Beyond the extensive morbidity caused directly by these four STDs, all
represent risk factors for heterosexual transmission of HIV (4-8). STD may
increase heterosexual transmission of HIV by producing genital inflammation in
HIV-infected persons, thereby enhancing shedding of HIV in genital secretions (9—
11), or by producing genital inflammation in

King K. Holmes is director, Center for AIDS and Sexually Transmitted Diseases, and
professor of medicine at the University of Washington, Seattle.
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individuals who are sexually exposed to HIV, thereby enhancing susceptibility to
HIV acquisition. While community randomization trials of improved STD
control for HIV prevention are planned or under way in Africa, the World Health
Organization (12) and U.S. Agency for International Development (13) identify
treatment of bacterial STDs as one of three available public health strategies
(along with condom promotion and sexual behavior change) for preventing
sexual transmission of HIV. Ironically, our own country, possessing resources
and technical capabilities for control of bacterial STD, has not applied the same
balanced
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strategy within our borders. Neither promotion of condom use nor control of
bacterial STDs has been aggressively pursued within the United States during the
AIDS era.

Our failure to implement effective programs for preventing heterosexual
HIV transmission may stem from the widespread but misguided belief that
heterosexual AIDS is not a problem in the United States (14). Even as national
surveillance showed that heterosexually acquired AIDS increased faster than
AIDS in other risk groups every single year for the past 9 years, ultimately
becoming the principal form of AIDS in women, we have allowed STD control to
deteriorate in the United States. Better definition of the ecologic and behavioral
determinants of the emergence of the bacterial STDs—all curable—provides the
basic conceptual framework for rethinking prevention and control of STD/HIV in
the 1990s.

The following discussion begins with current epidemiologic models of STD,
then highlights available data on the three direct determinants of the rate of spread
of STD, and finally, examines key ecologic and behavioral factors that operate
through these direct determinants to explain the emergence of the four major
bacterial STDs in developing countries and in subpopulations of the United
States. The discussion compares causal factors in developing countries and in the
United States and indicates how these factors operate at the population level and
at the individual level.

EPIDEMIOLOGIC MODELS OF STD

Models of STD epidemiology draw on the concept of "core groups" of
individuals who can maintain the spread of an STD within a larger population.
Various authors have defined "core groups" differently, for example, referring to
those with repeated STDs, those living in high-prevalence areas, those with
high-risk lifestyles (e.g., sex workers and their clients), or those with prevalence
rates of STDs so high as to "preempt" the introduction of new infection into their
group (15, 16).

Core groups (17-19) have also been defined in terms of transmission of
STDs and three principle determinants of the rate of spread of STD have been
delineated. The reproductive rate, Ry, is the initial rate of secondary cases of STD
arising from a new case. At Ry > 1, the STD spreads; at R < 1, it dies out. The
three determinants of the rate of spread are the average risk of infection per
exposure or efficiency of transmission (f); the average rate of sexual partner
change within the population (c); and the average duration (D) of the infectious
period for individuals with the STD. Thus Ry = 8% ¢ x D.

When the population prevalence of an STD is at equilibrium, then Ry =1 and
¢ = 1/6D. Based upon published or probable values for £ and
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D, Brunham and Plummer (20) have estimated values for the mean rate of partner
change (c) required to sustain transmission of different bacterial STD. Without
health care, D is large, and rates of partner change required for sustained
transmission are highest for chancroid and syphilis, lowest for chlamydial
infection, and intermediate for gonorrhea. With early diagnosis and treatment, D
decreases, and the rate of partner change required to sustain transmission
increases. In developing countries and poor urban areas with poor access to early
treatment and prolonged infectiousness, lower rates of partner change sustain
spread of bacterial STDs.

Subsequent work by Anderson (19) demonstrated that the greater the
variance in rate of partner change within the population, the greater the calculated
value of R,. Those with highest rates of partner change (the "core group")
contribute disproportionately to STD transmission. In populations where a few
persons have many partners, the high variance in partner change effects a high
rate of STD transmission. Thus, for example, the crack cocaine epidemic, with
frequent exchange of sex for drugs by a few individuals, has a potentially big
influence on STD transmission.

Patterns of partner mixing also influence R, At low mean rates of partner
change, R, is highest when those with many partners tend to have sex
nonrandomly with others who themselves have many partners (21). Such
"assortative" patterns of sexual mixing in poor urban areas may contribute to
rapid spread of STDs.

In summary, STD prevalence and incidence in a particular sociogeographic
setting is determined by factors that influence B those that influence sexual
behaviors (mean rate of partner change in the population, variance in rate of
change, and patterns of partner mixing), and those that influence D (availability
and use of good STD health care). The next section elaborates on the definition
and current status of ecologic factors that most closely influence each of these
three direct determinants of Ry,.

GLOBAL HEALTH CARE AND THE DURATION OF
INFECTIOUSNESS OF BACTERIAL STDS

The quality, accessibility, and use of health care services determine the
average duration of infectiousness of the bacterial STD. Early diagnosis and
treatment, therefore, represent primary prevention of new infections and
secondary prevention of complications.

Developing Countries

Bacterial STDs predominate among adult clinical consultations,
disproportionately affecting those who cannot afford private care. Because

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

nfectious Diseases in an Age of Change: The Impact of Human Ecology and Behavior on Disease Transmission
n-/aww nap edu/catalon/4772 himll
MA OLOGY AND BEHAVIOR AND SEXUALLY TRANSMITTED BACTERIAL 193
INFECTIONS

early diagnosis and treatment of STD have not been a high priority in the public
health sector until now, many bypass the formal private and public health care
systems for STD treatment. Men with urethritis often go directly to pharmacies,
and often receive inappropriate, yet costly, therapy.

Women with bacterial STDs may not develop genital symptoms and would
never undergo routine screening for these infections in developing countries;
those who develop symptoms may not seek or find medical care; those who seek
and find care seldom receive speculum or bimanual exams in the least developed
countries; where such exams are done, microscopy and specific tests for
gonorrhea, chlamydial infection, and Haemophilus ducreyi are rarely available.
Although official policies require testing pregnant women for syphilis, many
receive no prenatal care, and those who do often slip through without syphilis
screening. Effective and relatively inexpensive STD drugs are now included on
the international essential drug list but seldom reach primary care clinics that
serve women. For those very select few infected women who might develop
symptoms, seek care, be examined, have tests performed or receive a correct
syndromic diagnosis, and receive effective therapy, treatment of the male partner
is not attempted, and reinfection is likely.

Thus absence of the necessary clinical, laboratory, pharmacy, and public
health infrastructure results in a very long average duration of infectiousness for
bacterial STD. When combined with high-risk sexual behaviors and efficient
transmission, very high equilibrium prevalence rates result.

The United States

There are several thousand public STD clinics in the United States, some
free standing as categorical metropolitan STD clinics, often serving
predominantly men; some integrated with family planning clinics serving
predominantly women; some integrated with community or health department
primary care clinics. Prior to the 1970s, STD clinics emphasized treatment and
partner notification for syphilis and treatment of gonorrhea in men.
Subsequently, STD clinics introduced several new services, such as gonorrhea
culture testing of women, partner notification for gonorrhea, and vaginal
speculum and bimanual pelvic examination. Uniform guidelines were developed
by the Centers for Disease Control for treating conditions poorly managed
earlier, such as nongonococcal urethritis, mucopurulent cervicitis, bacterial
vaginosis, and pelvic inflammatory disease. Most recently, STD clinics have also
expanded services for viral STD, including counseling and testing for HIV, and
some provide cervical Pap smears.
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Principal failings of our public STD clinics during the AIDS era include the
inability to provide (i) sufficient access for all persons seeking health care (22), a
problem worsened acutely by the added burden of HIV testing and counseling; (i7)
hepatitis B vaccination of high-risk groups to reduce spread of the first vaccine-
preventable STD; and (iii) nationwide diagnostic testing for Chlamydia
trachomatis infection or partner notification for chlamydial infection or related
syndromes.

Prior to 1992, only 1 of 10 regions in the United States, region X, received
federal funds for a region-wide chlamydia screening program (23). About 150
family planning clinics in the Pacific Northwest began selective chlamydia
screening in 1988. Chlamydia prevalence has since declined by >50% in women
throughout the region. A few other areas, such as Wisconsin, where chlamydia
control programs were also begun, replicated this experience. Screening is
particularly effective in reducing transmission of chlamydial infection, because
of the often silent nature and long duration of infectiousness.

In summary, inadequate health services for STD treatment provide an
obvious explanation for the high rates of bacterial STD found in developing
countries and in the inner cities and rural south of the United States. However,
disproportionately high rates of viral STD that are little influenced by medical
treatment indicate the importance of other ecologic and behavioral determinants
in these same settings.

TRENDS AND PATTERNS OF SEXUAL BEHAVIORS

Developing Countries

Demographic data and ethnographic research suggest progressive
liberalization of sexual behavior during the 19th and 20th centuries (24, 25), as a
result of colonial and economic development, urbanization, population growth,
and other factors discussed below. These changes probably best explain the
subsequent epidemic spread of HIV and other STDs. Because of the HIV
epidemic, qualitative behavioral research and formal sexual behavioral surveys
have been undertaken recently in many countries. None approach the size of the
sexual behavior surveys recently completed in the United Kingdom (26), France
(27), or the United States (see below), but generalizations are possible. Invariably
the rate of change of sex partners for men exceeds that for women. In six African
countries surveyed in 1988-1990, the percentage of respondents who had
engaged in casual or commercial sex in the last 12 months ranged from 8 to 44%
for men, and 2-17% for women, with the percent of men engaging in such
behavior 2—4 times higher than the percent of women in five of the countries
(28). In Asia and Latin America, scattered
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general population surveys indicate even higher differences in proportions of men
and women engaging in casual or commercial sex. These gender differences in
sexual behaviors in Asia and Latin America also exceed gender differences in the
industrialized countries (26, 27).

The United States

Despite recent interference from Congress, several methodologically sound
surveys of sexual behavior have been conducted in the United States. Zelnik and
Kantner (29) studied adolescent sexual behavior in national probability samples
in 1971, 1976, and 1979, documenting steadily increasing rates of premarital
intercourse by teenaged females throughout the 1970s. The National Survey of
Adolescent Males (30, 31) found that from 1988 to 1991, 17.5- to 19.0-year-old
males experienced a significantly younger mean age of first intercourse and a
significant increase, from 2.0 to 2.6, in the mean number of sexual partners over
the past 12 months, with no increase in frequency of condom use. The 1973,
1976, 1982, and 1989 cycles of the National Survey on Family Growth (32)
showed a continuing increase in the proportion of female teenagers 15-19 years
old who were sexually experienced, from 28.6% in 1970 to 51.5% in 1988,
including an increase among white teenagers from 44.1% to 51.5% during the
AIDS era from 1985 to 1988. Similarly, the General Social Survey collected
limited data annually from 1988 to 1990 on sexual behaviors of U.S. adults (33),
providing perhaps the best comparison yet available of recent sexual behaviors of
males and females, with data stratified by age, race, and marital status. Results
help explain age and race disparities in rates of bacterial STD in the United States
and suggest that >22.5 million U.S. adults had 2 or more sex partners during the
preceding year, with an estimated 4.8 million having had 5 or more partners. The
1990 National AIDS Behavioral Surveys (34) assess HIV-related sexual risk
behaviors. Most recently, from the landmark 1990 National Survey of Men
(NSM-]), a series of five articles by Tanfer and coworkers (70-74), concerning
sexual behaviors of men 20-39 years old, appeared in Family Planning
Perspectives, March/April 1993. Age and race/ethnicity differences in numbers
of sexual partners paralleled age and race/ethnicity disparities in bacterial STD
rates in the United States and the General Social Survey results (33). We await
results of the national survey of female sexual behavior from the same group.

These trends in heterosexual behavior over the last decade contrast with the
well-documented dramatic decline in unsafe sexual behavior among
homosexual/bisexual men, which strikingly cut rates of early
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syphilis and rectal gonorrhea. Prior to 1982, syphilis in the United States
predominantly involved homosexual or bisexual men (35). Subsequently, the
incidence of syphilis and gonorrhea in gay men plummeted, although several
cities now see growing numbers of young gay men with rectal gonorrhea.

Overall, sexual attitudes and behaviors became steadily more liberal in the
United States throughout the 20th century. With oral contraception in the early
1960s came partial elimination of the double standard of sexual behavior of men
and women. The sexual revolution extended to homosexual and bisexual men at
the same time. During the 1970s and 1980s, an increasing percentage of young
women had premarital intercourse, and recent birth cohorts have had more
partners than earlier cohorts. During the AIDS era, gay men decreased risky
sexual behaviors, but some young gay men now resume such behaviors. Surveys
through 1990-1991 do not suggest dramatic reduction in multipartner, casual, or
risky sex among heterosexuals, though more recent data are urgently needed.
Cocaine-associated risky sexual behavior has emerged since 1985 as a major
factor in the spread of bacterial STD.

DETERMINANTS OF EFFICIENCY OF TRANSMISSION OF
STD

Three factors determine efficiency of STD transmission: the size of the
microbial inoculum, the susceptibility of the host, and the infectious virulence of
the pathogen (e.g., the IDs, for a given host). The stage of infection at exposure
influences inoculum size, with highest inocula during early infection, with lesions
or exudate. Continued sexual activity despite symptoms of STD can reflect lack
of knowledge about STD, lack of access to care, dependence on income from
commercial sex, or use of toxic drugs. The inoculum is reduced by use of
condoms or microbicidal agents (e.g., spermicides) and, conceivably, by vaginal
douching. Cultural differences in condom and spermicide use undoubtedly
influence STD transmission. Finally, just as other STDs influence genital HIV
shedding, genital infection or inflammation caused by one STD pathogen (e.g.,
gonorrhea) might also influence genital shedding of another bacterial STD
pathogen (e.g., chlamydia) (36).

Host susceptibility to chancroid, and perhaps to syphilis and gonorrhea, is
reduced by male circumcision (37). Traditional male circumcision practices
probably protect some populations against these STDs. Male circumcision is less
common in U.S. blacks (37) and Hispanics than in whites, creating an increased
risk for these infections in blacks and Hispanics.

Cervical ectopy, which decreases with advancing age and increases with
oral contraceptive use, increases susceptibility to chlamydial infection,
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and perhaps to gonorrhea. Very young sexually active women and oral
contraceptive users with ectopy are particularly susceptible to chlamydial
infection. Early average onset of intercourse among females or high rates of oral
contraceptive use probably foster rapid transmission of chlamydial infection.

Variations in infectious virulence of Neisseria gonorrhoeae may influence
efficiency of transmission of gonorrhea. Certain strains of N. gonorrhoeae are
resistant to fecal acids, and are more prevalent among homosexual men, probably
because of more efficient transmission by rectal intercourse (38). Other strains
that tend to cause disseminated gonococcal infection, with bacteremia and
tenosynovitis, are highly susceptible to fecal acids, and uncommon in gay men,
perhaps explaining why disseminated gonococcal infection has been relatively
uncommon among gay men.

ECOLOGIC FACTORS INFLUENCING THE EMERGENCE OF
BACTERIAL STD

Having considered the three direct determinants of the rate of spread of
bacterial STD, we next consider underlying ecologic factors that have influenced
the emergence of bacterial STD.

Historical Stages of Economic Development

As the economy evolved from hunting to agriculture to industry, patterns of
sexual behavior, reproduction, moral codes, and religion presumably adapted.
With the transition from hunting to agriculture, children became economic assets
at an early age, the family became the unit of production, and land became a
valuable commodity to be passed on from father to son. Early marriage,
monogamy, and multiple births were reinforced by religion and moral codes
(39). In sociobiological terms "greater predictability of food in space and time
promotes the evolution of territoriality. When the resources are dense and easily
defensible, and when food is the limiting resource, the optimum strategy is the
double defense—by means of the monogamous pair bond" (40).

With the industrial revolution in Europe and North America, the family unit
fragmented, as parents and children left the home and village to find work in
cities, children no longer were economic assets, marriage was delayed, secular
institutions began to replace religious and moral codes, and premarital and
extramarital sex became more common. This scenario is replayed conspicuously
today in the emerging countries throughout Asia, Latin America, and Africa.
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Geography, Crowding, and Hygiene

Climate, crowding, and hygiene profoundly influence the epidemiology of
the nonvenereal treponematoses of childhood (yaws, pinta, and endemic
syphilis). Crowding, primitive conditions, and poor hygiene have characterized
settings permitting spread of endemic syphilis, typically within family units, and
yaws persists in some developing tropical countries. At one time, endemic
syphilis was a problem even in Northern Europe and North America,
disappearing as living conditions improved. The WHO/UNICEF-coordinated
global program for eradication of the endemic treponematosis in the 1950s and
1960s greatly reduced yaws prevalence throughout the developing world.
Endemic syphilis was eradicated in Bosnia, and pinta disappeared in Latin
America. The next generations were rendered fully susceptible to adult syphilis,
as immunity from the childhood treponematoses no longer occurred and sexual
behaviors became more liberal. Many tremonematologists believe all clinical and
epidemiological differences between venereal syphilis of adults and endemic
syphilis in children, and perhaps even between syphilis and yaws, reflect ecologic
factors and sexual behaviors, rather than essential differences in pathogenicity of
Treponema pertenue (the cause of yaws) and the variants of Treponema pallidum
associated with endemic syphilis of children or venereal syphilis of adults.

Similarly, poor hygiene, flies, and crowding characterize the epidemiologic
niche for ocular trachoma strains of C. trachomatis (serovars A, B, Ba, and C)
while sexually transmitted LGV strains of C. trachomatis now require tropical
developing country settings, whereas genital serovars D-K of C. trachomatis
cause urethral and cervical infections throughout the world.

Modern studies have not sufficiently addressed the effectiveness of hygiene
or use of antiseptics in preventing transmission or acquisition of chancroid or
syphilis in high-risk populations.

""Socio-Geographic Space' and Bacterial STDs

The influence of geography, crowding, and hygiene on transmission of the
endemic treponematoses, chlamydia, and chancroid somewhat presages current
concepts of the social and spatial concentrations of STD, and the spread of these
infections along social networks and spatial contiguity or transportation links
(41-44). Rothenberg (41) and others (45) documented geographic clustering of
high gonorrhea incidence in a few urban census tracts. An impact on AIDS and
STD of shortsighted policies for public services—not only public health services
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but also fire control, housing, and others—has been inferred by Wallace (43),
who decried how planned reduction in capacity to contain urban fires led to
spreading urban decay, and the physical and social "ghettoization" of the Bronx.
While sexual behaviors and health care most directly determine the rate of
introduction and removal of bacterial STDs in the population, the patterns of
introduction, spread, and removal within and between communities are
determined by social networks and spatial factors, influenced by urban/
community planning and services.

War, Travel, and Migration

Quinn (46) discusses these factors separately in this volume as determinants
of the spread of HIV infection. They equally influence spread of bacterial STD.
The possible contribution of epidemic urban decay and resulting migration
described by Wallace (43) to the reemergence of gonorrhea, syphilis, and
chancroid in the United States provides one example. Global examples include
the epidemic increases in gonorrhea and syphilis in the industrialized countries
during and after World Wars I and II and in the United States during and after the
Vietnam War, and the rapid global spread of two types of S-lactamase-encoding
plasmids in gonococci from separate regional foci in Asia and Africa in the
1970s. The resurgence of reported STDs in China (Figure 1) accompanied
reopening of the country to foreign visitors, movement of the male work force
within the country to industrial centers, and reemergence of a commercial sex
industry in response. Similarly, the growth of the commercial sex industry in
Thailand accompanied increased military, work-related, and tourist travel and
urbanization, all of which fueled epidemic STD (Figure 2). Indeed the classic
tendency of one country to attribute STD epidemics to another country (e.g.,
syphilis, as both "The French Disease" in Italy and "The Italian Disease" in
France at the end of the 15th century) generally reflects changing behaviors in
both countries during periods of war, migration, or increased travel.

The Demographic and Epidemiologic Transitions

Figure 3 contrasts the age distribution of the population of the world's
developing regions with that of the industrialized countries in 1980 and shows
projected growth to the year 2000. Young people predominate now in developing
regions and will become even more predominant. Furthermore, the percentage of
the world's population living in urban areas will grow from 37% in 1985 to 45%
by the year 2000 and to 61% by
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2025 (47); in developing countries, this urban migration selectively involves
young adults, typically young men. This will further markedly increase the
relative numbers of young adults within cities, creating even a larger
predominance of young men in cities (48).
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FIGURE 3 World population by age and sex for 1980 and projected for the year
2000 for developed and developing regions (United Nations).

Declining birth rates plus increasing life expectancy is producing a
demographic transition to an older population in Western industrialized
countries. This leads in turn to an epidemiologic transition, in which aging of the
population, improved economic and health infrastructures, and declining rates of
death from childhood communicable diseases result in older average age at death
and growing morbidity from noncommunicable diseases of adults.

However, in developing countries, especially in Africa and South Asia, birth
rates remain high, and child survival improves due to successes of the extended
program on immunization, use of oral rehydration solution treatment for
diarrhea, and improved care of acute respiratory infection. Rapidly growing
numbers of children who survive cause a sustained and disproportionate surge in
the size of the adolescent and young adult age groups, both in absolute numbers
and relative
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to the size of the older population. The success of child survival programs and
comparative failure of family planning programs in sub-Saharan Africa and South
Asia have led to an unanticipated stage in the epidemiologic transition (49), the
epidemic of communicable diseases of adolescents and young adults (i.e., STDs/

AIDS).
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FIGURE 4 Distribution of the population of the United States by age, race, and
Hispanic origin in 1990 [Bureau of the Census (1990); Census of Population;
General Population Characteristics (1990); Census of Population CP-1-1;17-24].

Figure 4 shows the age distribution of the population of the United States in
1990 for blacks, Hispanics of any race, and non-Hispanic whites. The proportion
of blacks and Hispanics from 5 to 24 years old substantially exceeds that of
whites, so that the age pyramid for these U.S. minorities lies intermediate
between that of the developing regions and that of industrialized countries.

Ages of Sexual Maturation and of Marriage

The average age of sexual maturation declined steadily during the 19th and
20th century in industrialized countries. In the Nordic countries, average age at
menarche was about 16 years in the mid to late 19th century, falling steadily to 13
by the mid 20th century (50). Menarche generally occurs later in developing
countries, but earlier in urban than in rural areas. This progressively earlier
sexual maturation and the progressively delayed mean age of marriage greatly
extends the duration of time that premarital intercourse can occur, making social,
cultural, and religious proscriptions less effective than in the past.
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Social and Economic Development Policies in Developing
Countries

The low status of women and economic development policies that move the
male work force away from families and communities into urban industrial
centers contribute to the epidemics of STD/HIV in many developing countries (24,
48, 51). The relatively poor educational opportunities for women leave them ill-
prepared for economic survival outside of marriage, especially after child-
bearing. This problem, where coupled with the emergence of urban or periurban
male slums, fosters casual and commercial sex and a new generation of urban or
periurban teenagers with one available parent (who may be a sex worker) and
without a stabilizing extended family or community.

In summary, interrelated factors, including separation of families with male
urban migration, low status of women, increasing urban, periurban, and
interurban prostitution, a demographic transition characterized by growing and
destabilizing excesses of teenagers and young adults no longer under the
regulatory influence of a nuclear or extended family or community, and war,
migration, and travel, have fostered changes in sexual behavior and epidemics of
STD in developing countries during the 20th century. Many similarities are
evident in the United States.

A "'Synergism of Plagues'': STD/HIV, Teen Pregnancy,
Violence, and Cocaine Use

In the United States, bacterial STDs, such as gonorrhea, syphilis, and
chancroid, concentrate in black and Hispanic populations, particularly among
teenagers. The enormous disparity between blacks and whites in annual rates of
gonorrhea and syphilis has actually grown since 1985. Because this disparity
largely depends upon basic structural disparities in socioeconomic attainment and
in access to health care, it is not surprising that the determinants of the STD
epidemic in the United States and in developing countries are similar. Race and
ethnicity should be viewed not as risk factors per se but as risk markers for a
more complex set of underlying socioeconomic, cultural, political, behavioral,
and environmental risk factors.

Specifically, the nature of the demographic transition in black and Hispanic
U.S. populations, a steeply rising proportion of children being born to unmarried
mothers, fragmentation of the family and community, counter-productive social
welfare policies, and a unique form of commercial sex related to use of crack
cocaine have been the prime determinants of changing sexual behaviors; and the
failure of the public
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health infrastructure to cope with rising rates of STD has worsened the problem in
the United States.

In 1991, 1.2 million U.S. children born to unmarried mothers represented
28% of all births. This included 68% of all births to black women, up from 26%
in the 1960s; 41% of births to Hispanic mothers; and 17% of births to white
women, ranging up to 44% of white women in poverty (52). The overall birth
rates and pregnancy rates for U.S. teenagers in 1990 exceeded those of most
developing countries (52). In 1990, 521,000 births to U.S. women 15-19 years of
age represented a 20% increase from 1986 to 1990 in rate of births to teenaged
women. Birthrates per 1000 women 15-19 years of age in 1990 were 42.5 for
non-Hispanic white, 100.3 for black, and 116.2 for Hispanic women (53).

Trends in statistics for child neglect and abuse and in placement of children
in foster home care provide further evidence of family fragmentation. Nationally,
2.2 million children were referred to child protective services in 1986, and an
estimated 270,000 children nationally were in foster care (54), a 223% increase
since 1976. The urban situation is worse. Reports of child abuse or neglect totaled
52,504 in New York City alone in 1992, and the number of children in foster
homes in New York City increased from ~18,000 in 1985 to nearly 50,000 in
1992 (data from Management and Analysis, Child Welfare Administration,
Human Resources Administration, City of New York). Children commonly
transfer from one family to another in the foster care system, some having been
placed in 10 or more homes, precluding consistency in family values or
approaches to child rearing.

In a disturbing recent article entitled "The Coming of the White Underclass,"
Murray (55) argues that this extraordinary increase in births to young poor single
women and the resulting family fragmentation are due to social welfare policies
that encourage single parenthood, policies that are the root cause of the growing
problem with antisocial behavior in young people in the United States.

Not surprisingly, multiple interrelated epidemics of behavioral and
emotional problems now converge in U.S. adolescents, with the epidemics of
STD/HIV accompanied by concurrent epidemics of gang-related crime and
violence, drug use involving teenagers, sustained high rates of teen pregnancies,
and increasing rates of live births to teenage girls. In an analysis of retrospective
data from successive birth cohorts of adults studied in the National Institute of
Mental Health Epidemiological Catchment Area Program, Robins (56) found that
the proportion meeting criteria for adolescent antisocial conduct disorder had
increased from 0.5% of females and 6% of males in the oldest (65+) cohort, to
13% of females and 36% of males in the youngest (18-29) cohort. Nationally,
with “1,000,000 admissions per year of adolescents
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into juvenile detention facilities, the average number of adolescents in detention
is* 125,000, at an average cost of about $40,000 per detainee per year.
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FIGURE 5 Estimated number of emergency room encounters for cocaine use in
the United States from 1978 to 1992 [from the U.S. Drug Abuse Warning
Network (DAWN) surveillance system] (59).

The crack epidemic contributes to the related epidemics of violence, child
abuse and neglect, and the resulting placement of children in foster care. The
epidemic of freebase (later crack) cocaine use appeared as early as 1982 in the
Bahamas (57), where it was temporally and epidemiologically associated with
major epidemics of HIV and genital ulcer disease, including chancroid, syphilis,
and lymphogranuloma venereum, caused by the L2 strain of C. trachomatis
(unpublished data). Crack use spread throughout the United States during the mid
1980s. Although the estimated number of current cocaine users dropped from a
peak of 5.8 million in 1985 to 1.3 million in 1992 (58), the number of weekly
users has not fallen since 1985. The estimated number of emergency room
encounters for cocaine use increased rapidly from 1983 to 1989 (Figure 5). After
an encouraging decline in 1990, the numbers shot up again in 1991 and 1992
(59). These encounters presumably reflect those cocaine users getting into most
difficulties with the drug. Further, the percentage of cocaine users seen in
emergency rooms who acknowledged use by smoking increased from 41% in
1990 to 53% in 1992, and as the "purity" of street cocaine rose from 58% in 1990
to 74% in 1992, the number of emergency room encounters for cocaine overdose
rose by 47%.
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The epidemics of teenage antisocial behaviors and crack use clearly promote
the epidemic spread of bacterial STD. In juvenile detention populations, the
combined prevalence of gonorrhea and chlamydial infection typically averages
“20% in girls. Gonorrhea is now linked to membership in street gangs (60). Crack
use is directly related to syphilis, gonorrhea, and chancroid, as well as HIV
infection (61). Crack use leads to several STD risk behaviors, including exchange
of sex for drugs or money (62).

New Technology and Product Development

Epidemic increases in gonorrhea and other STD in industrialized countries
closely followed the introduction of oral contraceptives, which liberalized the
sexual behavior of women, increased the efficiency of sexual transmission of
chlamydial infection and perhaps of gonorrhea, and decreased condom use for
contraception. On the other hand, family planning programs are now lowering
fertility rates and slowing population growth, even where economic progress is
slow (63), and this ultimately should slow STD spread.

Development of fluoroquinolones and new oral cepholosporins has made
oral therapy for gonorrhea and chancroid more feasible, even through
pharmacies, possibly contributing to the recent decline in cases reported from
STD clinics in Thailand (Figure 2).

ECOLOGIC AND BEHAVIORAL DETERMINANTS OF
COMPLICATIONS AND SEQUELLAE OF BACTERIAL STDS

The many complications of bacterial STD result from extension from lower
to upper genital tract; bacteremia; pregnancy or puerperal infectious morbidity;
congenital or perinatal transmission; or immunopathologic host responses. Good
health care access, quality, and utilization provide secondary prevention of these
complications. Other behaviors also influence complications. For example,
vaginal douching is associated with increased risk of pelvic inflammatory disease
(64, 65), is more common among black women (65, 66), and may contribute to
high rates of pelvic inflammatory disease and its sequellae in black women.
Conversely, oral contraception use seems to decrease the risk of pelvic
inflammatory disease among women with cervical chlamydial infection (67).

HIV infection may influence the risk and severity of pelvic inflammatory
disease among women with gonorrhea and may increase the risk of neurologic
complications of syphilis (68). Finally, variation in the bacterial STD pathogens
themselves influences disease manifestations. For

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

nfectious Diseases in an Age of Change: The Impact of Human Ecology and Behavior on Disease Transmission
n-/aww nap edu/catalon/4772 himll
MA OLOGY AND BEHAVIOR AND SEXUALLY TRANSMITTED BACTERIAL 206
INFECTIONS

example, strains of N. gonorrhoeae that require arginine, hypoxanthine, and
uracil for growth accounted for a high proportion of cases of gonorrhea in the
United States and Europe during the 1960s and 1970s and caused most cases of
gonococcal bacteremia. For unknown reasons, these strains have nearly
disappeared from the United States, and disseminated gonococcal infection has
become a rare disease.

POPULATIONAL VS. INDIVIDUAL DETERMINANTS OF STD
RISK

In summary, at the population level, the prevalence and pattern of
distribution of the direct determinants of R, influence the prevalence, incidence,
trends, distribution, and complications of the four major bacterial STDs. These
direct determinants are in turn strongly influenced by underlying ecologic
factors, including structural socioeconomic factors, and development/welfare
policies that are the true cause of the modern global emergence of STD and
AIDS. These underlying factors must be addressed as public health programs are
strengthened.

As summarized in Figure 6, for any individual, the risk of exposure to an
STD depends upon the ecological (i.e., sociogeographic) setting in which partners
are chosen as well as upon the individual's own sexual behaviors (such as choice
of partner within that setting and frequency of partner change and sexual
practices). A woman who lives and works in the Bronx (where bacterial STDs are
out of control) and has only one sexual partner may have much higher risk of
exposure to a bacterial STD than a woman who has 10 sex partners in Sweden
(where bacterial STDs are under excellent control) (69). The risk factors
influencing risk of acquiring an STD by the exposed individual, when summed
across individuals, define the mean efficacy of transmission for the population.
At the individual level, health care behaviors influence risk of complications, as
well as risk of further transmission. Clear understanding and clear thinking about
the populational and individual determinants of STD/HIV transmission and
complications are required for developing, prioritizing, and implementing public
health strategies for disease prevention.

Fortunately, many of these strategies are now well understood and
formulated by international agencies (12). Implementation of effective programs
for sexual behavior change, condom promotion, and STD treatment still
represents a formidable technical and economic challenge for developing
countries. However, in the United States, the technical skills are available, and
only a small fraction of funds currently spent on AIDS and other complications
of STD would be required for more effective control of bacterial STD. There is
no longer any conceivable rationalization for not proceeding.
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SUMMARY

The three direct determinants of the rate of spread of sexually transmitted
diseases (STDs) are sexual behaviors, the mean duration of infectiousness, and
the mean efficiency of sexual transmission of each STD. Underlying ecological
and behavioral factors that operate through one or more of these direct
determinants lie on a continuum, ranging from those most proximate back to
those more remote (in time or mechanism) from the direct determinants. Most
remote and least modifiable are the historical stages of economic development
that even today conspicuously influence patterns of sexual behavior. Next are the
distribution and changing patterns of climate, hygiene, and population density;
the global population explosion and stages of the demographic transition; and
ongoing changes in human physiology (e.g., menarche at younger age) and
culture (e.g., later marriage). More proximate on the continuum are war,
migration, and travel; and current policies for economic development and social
welfare. Most recent or modifiable are technologic and commercial product
development (e.g., oral contraceptives); circumcision, condom, spermicide, and
contraception practices; patterns of illicit drug use that influence sexual
behaviors; and the accessibility, quality, and use of STD health care. These
underlying factors help explain why the curable bacterial STDs are epidemic in
developing countries and why the United States is the only industrialized country
that has failed to control bacterial STDs during the AIDS era.
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Vaccines for Bacterial Sexually Transmitted
Infections: A Realistic Goal?

P. FREDERICK SPARLING, CHRISTOPHER ELKINS, PRISCILLA
B. WYRICK, AND MYRON S. COHEN

The majority of the world research effort on sexually transmitted infections
is now focused on human immunodeficiency virus (HIV) infection, for the
understandable reasons that HIV infections are spreading dramatically around the
globe, are increasingly spread by heterosexual behaviors, and are ultimately
lethal. Current treatment for HIV is only of modest benefit, and intense efforts to
create an HIV vaccine have been thwarted to date by the antigenic variability of
the virus.

The curable sexually transmitted diseases (STDs) caused by bacterial
pathogens (Neisseria gonorrhoeae, Treponema pallidum, Haemophilus ducreyi,
and Chlamydia trachomatis) have received relatively less research and clinical
attention compared with HIV. Use of a combination of approaches, including
public education and accessible treatment clinics, in many nations in the
industrialized West has resulted in dramatic declines in incidence of most
bacterial STDs in the last 10—14 years, particularly gonorrhea (1, 2). The situation
in the United States is less optimistic. Whereas gonorrhea has declined by 40%,
heterosexually transmitted syphilis, congenital syphilis, chancroid, and chlamydia
have increased (3). Problems with these infections are even worse in many
developing and underdeveloped nations in Africa, Asia, and

P. Frederick Sparling, Christopher Elkins, Priscilla B. Wyrick, and Myron S. Cohen are
professors in the Departments of Medicine and of Microbiology and Immunology,
University of North Carolina, School of Medicine, Chapel Hill.
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elsewhere. Increasing antibiotic resistance in gonococci (3) and H. ducreyi (4)
has necessitated use of newer, more expensive, antimicrobials, a circumstance
that can prohibit effective therapy in developing nations.

The importance of the bacterial STDs rests in part on their adverse effects on
reproductive health. Both gonorrhea and genital chlamydia are major causes of
salpingitis, ectopic pregnancy, and infertility. A sense of urgency for the control
of these diseases has emerged recently because of evidence that they significantly
increase the rate of HIV transmission between sexual partners (5-9). Genital
ulcer disease is recognized as an important cofactor for HIV transmission (7-9)
and H. ducreyi and T. pallidum are prominent causes of the genital ulcer
syndrome. The effects of gonorrhea and genital chlamydia on HIV transmission (5,
6) may be due to microulceration (10) and increased local accumulation of
activated lymphocytes and macrophages, with a corresponding increase in release
of HIV into genital secretions (11).

Because of the apparent roles of bacterial STDs in HIV transmission, the
World Health Organization has concluded that strategies to control HIV should
include development of effective programs for control of bacterial STDs (12).
Although experience in several nations shows this can be accomplished (at least
temporarily) without vaccines (1, 2), experience in other nations, including the
United States, suggests that this is a difficult task. Vaccines against bacterial
STDs would improve the public health and would offer long-lasting and cost-
effective solutions to common and expensive problems. The question is, can such
vaccines be developed? This paper briefly reviews relevant progress in research
towards this goal.

CHANCROID

Chancroid is an ulcerating cutaneous infection caused by H. ducreyi.
Infection may persist for months without effective antibiotic therapy. In earlier
times, clinicians inoculated normal skin with pus taken from genital ulcers of the
patient, and development of typical ulcerating lesions after such inoculation was
used to confirm the diagnosis of chancroid (13). Indeed, Ducrey (13) was able to
serially propagate the infectious agent at least 15 times in the same individual,
indicating that little or no immunity occurs in naturally acquired infection.
Today, diagnosis is made by in vitro culture. A renewed surge of research
interest occurred after recognition that H. ducreyi is a cofactor for HIV
transmission (7-9), and factors involved in pathogenesis are beginning to be
delineated (14).

The cardinal feature of chancroid is the development of ulcers on stratified
squamous epithelium, which suggests that H. ducreyi might
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produce cytotoxins or other tissue-destructive extracellular products. Recent
evidence shows that many H. ducreyi isolates apparently do produce cytotoxins
(15). Lagergard and Purven (16) found that injection of live H. ducreyi into
rabbits resulted in low-titer anti-cytotoxin antibodies; a subsequent injection of
live organisms resulted in neutralizing antibodies. Immunization of rabbits with
crude preparations of cytotoxin (cell sonicates) resulted in neutralizing anti-
cytotoxin antibodies that cross-reacted in similar titers with each of 12
heterologous cytotoxin-producing strains (16). Immunization with non-
cytotoxin-producing H. ducreyi or other Gram-negative bacteria failed to produce
cytotoxin-neutralizing antibodies (16). However, natural infection of humans
apparently results in anti-cytotoxin antibodies, without evident protection from
disease (16). The role of cytotoxin in the pathogenesis of human chancroid is
unclear at present, and much remains to be learned about the genetics,
biochemistry, and immunobiology of the putative cytotoxins. Interest in the
cytotoxins is prompted, of course, by evidence that many other cytotoxins can be
used to create effective vaccines, including diphtheria toxin.

A variety of other H. ducreyi proteins also have been identified, including
outer membrane proteins and pili (14). Some of these proteins appear to be
antigenically variable during infection of a subcutaneous chamber, a property
that could explain the ability of H. ducreyi to persist in vivo (17). Little is known
about the nature of the immune response in human chancroid, although there is
evidence for both a T-cell (18) and a B-cell response.

SYPHILIS

The question of immunity in syphilis has long been the subject of
investigation. Some level of protective immunity was suggested by early
observations that only one-third of untreated cases of human syphilis developed
late complications of disease (19). During early stages of active untreated
infection, immunity to reinfection seemed to be present, the so-called "chancre
immunity"; studies of experimental syphilis in rabbits confirmed this
phenomenon (20). Development of chancre immunity is correlated with a
vigorous humoral and cellular immune response to multiple antigens (21). After
several weeks of untreated early syphilis, treponemes are cleared from the
primary and secondary lesions. However, viable treponemes persist in untreated
experimental animals for years in sites such as lymph nodes (22), suggesting that
T. pallidum is capable of evading the immune response. Consistent with this is
the protracted course of untreated disease in humans, with its characteristic
waxing and waning in the first 1-2 years, followed by long intervals that
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ultimately (in one-third of cases) lead to late destructive lesions of the heart,
central nervous system, or other organs.

Support for the possibility that an effective syphilis vaccine can be
developed rests in large part on studies of experimental syphilis in human prison
volunteers, conducted nearly 40 years ago at Sing Sing Prison in New York State
by Magnuson et al. (23). They injected 107 (>100 times the IDs) live T. pallidum
harvested from rabbits into the skin of 62 adult males, 60 of whom were followed
either until they developed lesions or until 4 months had elapsed. All were treated
with penicillin at the end of the study. Each of 8 controls (no prior syphilis)
developed dark-field-positive (spirochetes visible in dark-field microscopy)
papules or ulcers at the inoculation site, whereas no lesions developed in each of 5
men with previously untreated latent syphilis. Among 11 men previously treated
for early syphilis, 9 developed dark-field-positive lesions, and the other 2
developed dark-field-negative lesions. Among 31 men previously treated for late
or congenital syphilis, only 2 developed dark-field-positive lesions, 15 developed
dark-field-negative lesions (limited immunity?), and 14 appeared to be totally
immune. Thus, durable immunity developed in many, but not all, men treated
previously for natural infection, although at least several years of untreated
infection were required to provide immunity.

Studies of immunity to 7. pallidum in rabbits or hamsters confirmed the
existence of slowly developed immunity. Both humoral and cellular arms of the
immune system are important to immunity in animals (24-28). Antibodies with
both neutralizing (27) and opsonic (28) activities, either of which could
contribute to immunity, develop during infection.

Mechanisms by which treponemes persist in the presence of vigorous IgG,
IgM, and cellular immune responses to multiple antigens (reviewed in ref. 29) are
unknown. Studies of the physiology, biochemistry, and genetics of T. pallidum
have been limited because the organisms still cannot be grown outside of
animals, and because of lack of a genetic system for constructing mutants of 7.
pallidum. Antigenic structures seem stable during animal passage, and there is no
evidence of the type of phase and antigenic variation or blocking antibodies that
have confounded the search for a vaccine against gonorrhea. Persistence in the
face of a vigorous antibody response could be due to intracellular localization,
although the pathogenesis of 7. pallidum infections seems to involve penetration
between cells (30) rather than survival within epithelial cells or phagocytes.

One factor that may contribute to the persistence of 7. pallidum is the
apparent paucity of proteins in the outer membranes or envelope of the organism,
which has been demonstrated by freeze-fracture techniques by two groups (31,
32). When compared with Escherichia coli, T. pallidum
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has only about 1% the density of integral outer membrane proteins. Proteins in
the outer membrane of 7. pallidum thus are termed TROMPs—treponemal rare
outer membrane proteins. 7. pallidum also lacks lipopolysaccharide in its outer
membrane. Identities of TROMPs have been elusive to date, although searching
recombinant 7. pallidum libraries for phoA (alkaline phosphatase) fusions has
identified T. pallidum genes that encode membrane-spanning proteins containing
N-terminal signal sequences (33). Progress in the molecular characterization of
T. pallidum genes and their predicted proteins by use of recombinant DNA
technology is impressive (29).

Initial attempts to develop vaccines for syphilis employed the Nichols strain
of T. pallidum, which fully retained its virulence for humans after decades of
serial passage in rabbit testicles (23). Vaccination of rabbits with T. pallidum
killed by either irradiation (34) or prolonged cold storage (35) resulted in
immunity, but multiple large doses were required over considerable periods of
time, limiting enthusiasm for analogous approaches in humans. Subsequently,
Fitzgerald induced considerable immunity in rabbits with a single injection of
heat-killed 7. pallidum, when the animals were pretreated with cyclophosphamide
and given various adjuvants (36). Fitzgerald concluded that whole-cell vaccines
caused immunosuppression, which could be overcome by the sequential use of
cyclophosphamide and adjuvants. No confirmatory results have yet been
reported.

Current efforts to develop a syphilis vaccine focus on recombinant T.
pallidum proteins. Three of these show limited efficacy in animals. An antigen
designated TpN19 (or previously 4D) elicited partial protection in rabbits (37).
TpN19 is interesting because in its native form it assembles into an oligomeric
ringlike structure (38), although its function in pathogenesis or in the physiology
of T. pallidum is unknown. Vaccination with recombinant endoflagellar protein
(39) or another protein designated either TpN36 or TmpB (40) also resulted in
partial protection in animals.

These results do not permit conclusions about development of vaccines for
syphilis, other than that some progress is being made. Difficulties in working with
the organism are considerable, but application of modern biotechnology can be
expected to hasten progress if funding for the few groups working on syphilis is
stable.

GONORRHEA

Gonorrhea is a common disease and was known to ancient physicians. The
quest for a vaccine is not new, and crude whole-cell vaccines were actually used
as immunotherapy in the preantibiotic era (41). It is
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not possible to judge the efficacy of the old gonococcal vaccines because of
insufficient description of the experiments and lack of controls, yet anecdotal
experience suggested that modest doses of the homologous strain were useful
(41). In more recent times, a variety of crude or partially purified antigens were
used to vaccinate experimental animals against gonorrhea, with modestly
encouraging results. For instance, immunization of chimpanzees with a whole-
cell killed vaccine made from a chimpanzee virulent isolate conferred partial
resistance to urethral challenge (42). Most current studies, however, are focused
on purified and well-characterized antigens.

There are lessons to be derived from study of the course of untreated natural
gonococcal infection. Symptomatic urogenital gonorrhea eventually subsided into
a nonsymptomatic state in the preantibiotic era, and many patients became
culture-negative and noninfectious for their partners (41, 43). By inference, the
immune response was effective in controlling infection. However, immunity
apparently was strain specific, since patients commonly reacquired gonorrhea
many times. James Boswell's superb description of his 29 separate bouts of
urogenital "gonorrhea" (some of which undoubtedly were due to C. trachomatis)
illustrates the point (reviewed in ref. 44). Strain-specific immunity to genital
gonorrhea was claimed in a recent study of recurrent gonorrhea in female
prostitutes in Nairobi, most of whom were immunosuppressed because of
infection by HIV. Reinfection was common, but was less likely to be due to
strains exhibiting the same serovar of principal outer membrane protein, porin
(Por) than by other Por serovars, suggesting partial immunity based on Por-
specific epitopes (45). Subsequent work in the same population showed that
presence of serum antibodies to Por was not correlated with protection (46). No
attempt was made in the latter study to determine whether serovar-specific serum
or genital Por antibodies to surface-exposed epitopes were correlated with
protection from reinfection, which are the type of data one would desire, based on
the earlier work.

Por as a Vaccine Candidate

Por is one of the antigens currently being studied as a possible vaccine. Por
is the most abundant membrane protein, is expressed constitutively, and does not
undergo high-frequency phase or antigenic variation in vitro or in vivo. Clinical
isolates, however, do exhibit antigenic differences in some surface-exposed
domains, presumably as a result of low-frequency mutations of por that allow
escape from anti-Por antibodies (47). Some evidence suggests that Por
participates in pathogenesis by translocating into eukaryotic cells (48), which
might promote
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invasion, or in the case of neutrophils, apparently impairs neutrophil function
(49).

Prior to the epidemiological studies of Nairobi prostitutes (45, 46), the
possibility of a Por vaccine was suggested by Heckels and colleagues (50, 51),
who showed that certain monoclonal antibodies (mAbs) against Por were
bactericidal, stimulated chemiluminescence of neutrophils, and reduced toxicity
to cultured epithelial cells. Moreover, some of the potentially protective mAbs
reacted widely with either one or the other of the two main Por-based serogroups
of gonococci—i.e., with strains of either the PorA or PorB serogroups (50, 51).

The por structural genes from several isolates have been cloned and
sequenced (52, 53), allowing comparisons of the amino acid sequences of
different Por molecules. PorA and PorB are closely related to each other and are
products of variants of a single por gene (52, 53). There are multiple predicted
membrane-spanning domains and models predict eight surface-exposed loops
(54). By use of synthetic peptide technology, the common PorB epitope that
reacts with the broadly protective PorB-specific mAb SM24 was defined as YSIP
(55). The common PorA epitope that reacts with the broadly protective PorA-
specific mAb SM101 (51) appears to be conformation dependent and cannot be
localized to a single linear Por domain (53).

Elkins et al. (56) studied the immunobiology of polyclonal rabbit antisera
raised against six synthetic Por peptides, four for PorA strain FA19 and two for
PorB strain MS11. Results were encouraging in that polyclonal IgG purified from
serum raised against the most N-terminal surface-exposed loop (loop 1) were
bactericidal not only for the homologous strain but also for many other
serological variants (serovars) of the same serogroup and to a limited extent for
serovars of the other serogroup.

Purified Por also has been evaluated as a vaccine in animals, using in vitro
bactericidal and opsonic assays as surrogates for possible protection of humans.
Wetzler et al. (57) purified Por from gonococci containing a mutation in rmp,
which encodes the reduction-modifiable protein (Rmp) formerly designated PIII;
the importance of using an rmp mutant was in removal of the highly
immunogenic Rmp antigen, which stimulates production of complement-fixing,
but generally nonbactericidal, antibodies that block the bactericidal effects of
anti-lipooligosaccharide (LOS) or anti-Por antibodies (58). Since mAbs against
Rmp, Por, or LOS immunoprecipitate all three molecules, they apparently are
tightly associated in clumps or patches in the outer membrane, helping to explain
why antibodies against Rmp block bactericidal effects of anti-Por or anti-LOS.
Using purified Por free of Rmp contamination, Wetzler et al. (59, 60) showed
that Por liposomes were highly immunogenic and
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resulted in bactericidal and opsonic antibodies that recognized surface-exposed
epitopes.

Elkins et al. (unpublished data) purified recombinant Por (rPor) expressed
from an inducible promoter in E. coli. This approach has the potential advantages
of permitting easy growth of large batches of cells, allowing use of novel hybrid
PorA/PorB molecules (53), and also avoiding Rmp contamination. E. coli and
other Gram-negative bacteria contain an outer membrane protein, OmpA, that
exhibits significant C-terminal homology with Rmp (61), but rPor can be purified
with <0.5% OmpA contamination, and anti-OmpA polyclonal sera do not react
with Rmp (unpublished data). Immunization of rabbits with liposomal rPor
purified with decyl £-p-maltoside so as to retain some conformational epitopes
resulted in immune sera that bound well to Por on whole gonococci and exhibited
opsonic, but not bactericidal, activity (unpublished data). Lack of bactericidal
activity was not due to blocking antibodies, since gonococcal rmp mutants also
were resistant to killing by anti-rPor rabbit sera.

A problem for all Por vaccines concerns the effects of sialylation of LOS.
Sialylation of LOS, which lies physically proximate to Por in the outer
membrane, abolished the bactericidal effect of anti-loop 1 peptide antisera by
partially masking surface exposure of Por epitopes on whole bacteria and also by
inhibition of complement activation (56). Sialylation of LOS also abrogated
bactericidal and opsonophagocytic effects of anti-Por sera (60). Since gonococcal
LOS is sialylated in vivo (62), vaccines based on these Por peptides (and possibly
any Por antigens) might be ineffective. Blocking of certain bactericidal anti-Por
mAbs by sialylation was incomplete, however, and could be overcome by use of
more mADb (C.E., unpublished data). This suggests that killing might be possible
with polyclonal anti-Por sera, if sufficiently high titers or high-affinity antibodies
could be raised.

Recently, it has been possible to construct recombinant Salmonella
typhimurium strains that express gonococcal Por constitutively from the por
promoter without evident toxicity to the host strain (63). This should allow
studies of the vaccine potential of Por delivered to the gut immune system and of
the ability of Por to protect against homologous and heterologous infection in
various (imperfect) mouse models of gonococcal infection (64). The advantage of
this approach is that it should stimulate both humoral and mucosal immunity,
both of which presumably are required for an effective gonococcal vaccine. It
presumably will be possible to construct analogous strains in attenuated hosts
suitable for use in humans, such as Salmonella typhi.

Ultimately, the utility of Por vaccines will have to be tested in humans.
Recent studies of experimental urethral gonorrhea in male
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volunteers (65) show that such experiments can be conducted ethically and
safely. Sialylation of LOS in vivo may effectively block any Por vaccine, but it
should be possible to test this hypothesis directly in humans soon. If parenteral or
oral vaccination with Por or peptides derived from Por results in protection
against an IDg intraurethral (male) challenge dose of the homologous strain,
further consideration of Por vaccines will be warranted.

Pili as a Vaccine Candidate

Pili (Pil) are filamentous appendages composed of multiple pilin subunits,
which function as adherence ligands. They appear to be necessary for infection,
since Pil” variants are essentially noninfectious in experimental infection of male
volunteers, whereas Pil* gonococci are highly infectious under the same
conditions (66). It was soon recognized that Pil undergo high-frequency phase
and antigenic variation (67-70) and that Pil antigenic variants also exhibit
different adherence properties (71, 72). The mechanism of many Pil variations
involves recombination (69) between the pilE (structural gene) and one of
multiple incomplete ("silent") variable copies of pil DNA present in several
chromosomal loci (67-70). The rapidity and extent of Pil antigenic variation
might help to explain how gonococci escape a vigorous immune response, and/or
how gonococci rapidly adapt to adhere to quite different cells in diverse
ecological niches (cervix, urethra). Sequencing of expressed pil genes from
urethral isolates from previously uninfected males with experimental gonorrhea
shows extensive variations, occurring so rapidly (first few days after inoculation)
that immune pressure is an unlikely explanation (73) (H. S. Seifert, C. A. Wright,
A. E. Jerse, M.S.C., and J. G. Cannon, unpublished data). Extensive antigenic
variation obviously might make it difficult to produce an effective vaccine based
on Pil, yet enthusiasm for a Pil-based vaccine once was high because of evidence
that anti-Pil antibodies block adherence and are opsonic (72, 74, 75). Moreover,
certain regions of the pilin subunit are relatively conserved (67, 75), and
polyclonal rabbit sera against such partially conserved pilin peptides reportedly
blocked in vitro adherence of heterologous gonococci (75). Enthusiasm lessened,
however, when subsequent studies failed to confirm surface exposure of the
conserved regions on intact pili expressed on whole gonococci (76). Moreover,
extensive work in Heckel's laboratory showed that protective pilin mAbs all were
directed at highly variable pilin epitopes (72, 74).

While these elegant studies of Pil variations and immunobiology were being
conducted, several laboratories worked in a very directed fashion to implement a
Pil vaccine for human use. Intramuscular injection of
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purified Pil resulted in serum (77) and genital IgG and IgA anti-Pil antibodies
that blocked adherence (78) and, in a historical study, partially protected male
volunteers from experimental urethral infection by the homologous strain (79).
There was some evidence of development of cross-reactive anti-Pil antibodies (78,
79). A field trial of a vaccine composed of a single antigenic type of gonococcal
Pil was conducted in Korea, and as might have been anticipated because of
extensive Pil antigenic variation, there was no evidence of efficacy (80). Most
investigators have concluded that Pil are subject to such a high degree of
antigenic variation that a Pil-based vaccine is unlikely to succeed. It is
conceivable that relatively conserved domains from a modest number of Pil
variants might be useful in a vaccine, and limited research continues with the aim
of exploring this possibility.

Other Possible Gonococcal Vaccines

Opacity proteins (Opa) are a family of up to 11 or 12 related outer
membrane proteins that, like pili, also serve as adherence ligands, undergo high-
frequency phase and antigenic variations, and appear to be necessary to establish
genital infection (81). One or a few Opa proteins appear to promote invasion of
eukaryotic cells (82). The molecular mechanisms for Opa variation are quite
different from Pil variations. Opa expression is regulated by translational
frameshifting, which is the consequence of high-frequency spontaneous
variations in the number of a pentameric CTCTT oligonucleotide repeat present
in the opa region encoding the signal sequence (83). Each of the approximately
11 opa genes (84) is constitutively transcribed, but most are not translated; at any
time, a single cell expresses zero to four or rarely five Opas. Each Opa contains
two regions of highly variable protein sequence (HV1 and HV2), and expression
of different opa genes results in antigenic variation (83—-85). Although mAbs
against particular Opas decrease adherence (86, 87), no cross-reacting Opa
antibodies have been described that either block adherence or have other
potentially protective effects. Relatively little work has been done on possible
Opa vaccines, influenced no doubt by considerations of difficulties encountered
with the highly antigenically variable Pil vaccine. If subsequent work were to
demonstrate that only one or at most a few Opas were required to initiate or
maintain infection (which has yet to be proven), or if a common essential Opa
domain were discovered, this situation could change.

LOS is another potentially useful immunogen. Gonococcal LOS has
relatively typical core sugars, but no O antigen. The terminal core sugar is a close
molecular mimic of certain host glycolipids (88). Antibodies
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against terminal core sugars are bactericidal, and many persons who have never
been exposed to gonococci have serum IgM anti-LOS bactericidal antibodies
against many gonococci (89). Since gonococci do not have a carbohydrate
capsule (unlike closely related meningococci), LOS core sugars are the only
carbohydrate antigens that might be considered for a vaccine. Unfortunately,
evolution has enabled gonococci to escape attack on LOS, by at least three
mechanisms. (i) Mimicry of host antigens reduces immune response to certain
epitopes (88). ( ii) Phase and antigenic variations affect the length and
composition of core sugars and loss of terminal epitopes helps to evade
antibodies against the core, although gonococci with a truncated core are
complement sensitive. These variations occur at a frequency ("1 x 10-3) similar
to Pil and Opa variations (90). The genetics of LOS core variations are not well
understood. (iii) Sialylation of the terminal core sugar occurs in vitro and in vivo
(62, 91), when bacterial sialyltransferase and host-derived CMP-N-
acetylneuraminic acid (CMP-NANA) as a substrate are used. Sialylation of the
terminal LOS core sugar results in partial masking of both LOS and the
physically proximate Por (56), inhibiting antibody attack on both LOS and Por.
Sialylation also interferes with effective formation of the terminal complement
complex, thereby inhibiting bactericidal activity of antibodies against other
nonmasked antigens such as Opa (56). Phase variation of core sugar composition
results in transient loss of the terminal CMP-NANA acceptor site, and therefore,
inability to undergo sialylation. This in turn seems to result in phase variation
between a nonsialylated, invasive, but serum-susceptible, phenotype and a
sialylated noninvasive serum-resistant phenotype (92).

On the basis of knowledge gained from studies of Por, Pil, Opa, and LOS, an
ideal vaccine candidate might be one that does not undergo high-frequency
antigenic variations, that is not protected by anti-Rmp blocking antibodies, and
that is not masked by sialylation. It also should contain one or a few epitopes that
are conserved and that are targets for protective antibodies. LOS seems a very
unlikely candidate because of mimicry, phase and antigenic variation, protection
by blocking anti-Rmp antibodies, and masking by sialylation. Pili seem to be too
antigenically variable. Por remains a possible candidate because of relatively
stable expression of cross-reactive epitopes for protective polyclonal and
monoclonal antibodies and rather weak epidemiologic evidence for partial Por-
based immunity, although partial protection by blocking anti-Rmp antibodies and
LOS sialylation are major problems. Another candidate is one or both of the
proteins that constitute the transferrin receptor. Transferrin-binding protein 1
(Tbpl) is a 100-kDa protein (93), and transferrin-binding protein 2 (Tbp2) is an
unrelated 85-kDa protein. Together, these proteins constitute a specific and
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perhaps essential receptor for binding transferrin and removing iron from it (94).
Expression of Tbpl and Tbp2 is repressed by iron, and the structural genes tbpA
and tbpB for Tbpl and Tbp2, respectively, appear to be part of an iron-regulated
polycistronic operon (J. Anderson, C. Cornelissen, and P.F.S., unpublished data).
Comparison of the predicted protein sequences for Tbpl in gonococci (93) and
meningococci (95), and for Tbp2 in gonococci (C. Cornelissen, J. Anderson, and
P.F.S., unpublished data) and meningococci (95) shows that these proteins are
closely related. Antibodies against meningococcal Tbpl and Tbp2 block
meningococcal transferrin binding (96), cross-react rather broadly among
meningococci (97), and are bactericidal”. Similar studies have yet to be conducted
with gonococcal Tbpl and Tbp2, but it is known that sialylation of LOS does not
mask the gonococcal transferrin receptor (unpublished data of C. Cornelissen and
P.E.S.). It is premature to do more than speculate about use of transferrin receptor
proteins in a gonococcal vaccine, but the limited data are encouraging. IgAl
protease might also be considered on the basis of evidence that antibodies against
meningococcal IgA protease cross-react broadly and block proteolytic activity
(98).

CHLAMYDIA

C. trachomatis is an obligate intracellular bacterial pathogen that causes
trachoma and genital tract infections. There are 15 principal serovars arranged
into three serogroups. Serovars A, B, and C are responsible for most trachoma,
and serovars D through K cause most genital infections (urethritis, cervicitis,
salpingitis). Infection results in both protective immunity and tissue-damaging
hypersensitivity responses, which has complicated efforts to develop vaccines.
There has been remarkable progress in understanding the immunopathogenesis of
chlamydia infections in the past decade, and a vaccine for genital chlamydia is
now a realistic hope.

Heat Shock Proteins and Hypersensitivity

Important lessons were learned from attempts to develop a vaccine against
trachoma (reviewed in ref. 99 and 100). Ocular scarring and blindness result from
chronic and repeated infection. Serovar-specific

* Irwin, S., Jacobs, E., Danve, B., Quentin-Millet, M. J. & Schryvers, A. B., Eighth
International Pathogenic Neisseria Conference, October 4-9, 1992, Cuernavaca, Mexico,
p- 50 (abstr.).
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immunity develops over time, but other serovars remain infectious and trigger an
apparent hypersensitivity response. Attempts to prevent infection with a crude
whole-cell vaccine may actually have potentiated the hypersensitivity response
after reexposure to infection. Protection of experimental animals from ocular
infection was achieved with mAbs against the major outer membrane protein
(MOMP), the serovar-specific typing antigen. An ocular hypersensitivity
response was elicited in guinea pigs with the Chlamydia psittaci guinea-pig
inclusion conjunctivitis agent (101), and topical application of one protein, a 57-
kDa heat shock protein closely related to the groEL product (102), triggered a
delayed hypersensitivity response in previously infected animals (103). Thus, the
concept emerged that certain antigens such as MOMP may be useful in a
vaccine, whereas others such as the 57-kDa GroEL homologue could be harmful
in a vaccine.

Genital chlamydia infections also tend to be chronic and recurring and
associated with scarring complications. Considerable evidence links chlamydia
(as well as gonococci) to salpingitis, tubal infertility, and ectopic pregnancy.
Tubal infertility may occur even in the absence of acutely symptomatic pelvic
inflammatory disease, apparently due to smoldering and persistent chlamydia
infection. Hypersensitivity to the 57-kDa GroEL homologue may contribute to
complications of infections, since there is a strong correlation between presence
of antibodies to this heat-shock protein and salpingitis (104), ectopic pregnancy
(104), and tubal infertility (105). Indeed, antibodies to this protein may be
predictive of women with chlamydia infection who will develop complications of
infection (105). Women with salpingitis apparently also are more likely to have a
delayed hypersensitivity response to the 57-kDa protein than other women with
chlamydia infection (106). In infected primates, the pathology of diseased
fallopian tubes is consistent with a cellular hypersensitivity response (107).

Both B-cell and T-cell responses probably are important to the protective
immune response (99, 100, 108, 109). Interferon y (IFN-y) plays a prominent role
in protection against genital chlamydia (110), and exciting recent evidence
suggests that IFN-y may result in a persistent, quiescent infection in which
chlamydia express normal amounts of 57-kDa GroEL homologue but markedly
decreased amounts of MOMP and other outer membrane antigens (111). If
confirmed, this would help to explain how the immune response leads to chronic
infection, and subsequently to a tissue-damaging hypersensitivity response to
cross-reacting host heat shock protein antigens. Similar mechanisms may be
involved in the arthritis—dermatitis—mucositis syndrome (Reiter syndrome) that
often complicates genital chlamydia infection (112). It is unclear why the
response is directed particularly to fallopian tubes,
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joints, and certain other tissues. Murine immune responses to chlamydial heat
shock proteins are H-2 linked (113) which could help to explain why only a
proportion of persons develop immune-related complications, assuming similar
genetic control of anti-chlamydia responses in humans.

Momp as a Protective Antigen

There is at least partial immunity to infection by the same strain after genital
chlamydia infection in women (114), monkeys (115), and guinea pigs (116).
Recovery of chlamydiae from the cervix is inversely correlated with presence of
IgA antibodies reactive with C. trachomatis in cervical secretions (114),
suggesting IgA may be protective for genital chlamydia. Antibody to several
antigens is correlated with apparent protection against postabortal chlamydia
salpingitis (117), but the best evidence for antigen-specific protection concerns
MOMP. Anti-MOMP polyclonal and monoclonal antibodies are neutralizing and
protective against tissue culture infection by elementary bodies, the infectious
extracellular form of chlamydia, and against toxic death in mice (118-121). Some
MOMP mAbs neutralize more than a single serovar. Protection extends in some
instances to subspecies specific epitopes but not to all serogroups of chlamydia.

These results led to the cloning and sequencing of the structural gene for
MOMP from all serovars of C. trachomatis (122—-124), with several important
findings. MOMP is a transmembrane protein, with four surface-exposed and
variable domains (VDI-VDIV) (125). Non-surface-exposed portions of the
expressed protein are highly conserved. Proteolytic cleavage of VDII or VDIV
reduces infectivity (126), as do mAbs specific for variable domain epitopes (127—
129). By use of synthetic peptides, epitopes specific for neutralizing MOMP
mAbs have been mapped to short linear peptides on the surface-exposed loops
(100, 130). T-help (Ty) epitopes are located within conserved as well as variable
domains of MOMP (131, 132), as well as on other chlamydia proteins (133).

A neutralizing epitope composed of seven amino acids located in MOMP
VDIV, when coupled to a common Ty epitope composed of MOMP amino acids
106-130, elicited polyclonal antibodies in mice and cynomolgus monkeys that
bound to the surface of C. trachomatis serovars D, E, F, and G, which cause
about 80% of genital chlamydia infections, and neutralized tissue culture
infectivity (129). Six of eight congenic mice that differed in major
histocompatibility complex class II haplotype developed anti-VDIV antibodies
after immunization, showing that there was not severe T-cell restriction in
immune response to
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this peptide (129). These encouraging results suggest that a synthetic peptide
vaccine against genital chlamydia is possible. An analogous peptide containing a
Ty epitope and a VDI neutralizing epitope shows promise as a trachoma vaccine
(134). The utility of purified recombinant MOMP as a vaccine also is being
explored (135, 136).

MOMP does not appear to be protected by blocking antibodies or by
strategies analogous to sialylation of LOS, both of which at least partially protect
Por in gonococci. This suggests that it may prove to be easier to develop
chlamydial MOMP vaccines than gonococcal Por vaccines. Both MOMP (124,
137) and Por appear to be subject to genetic drift, although how serious a problem
this may be for vaccines is unclear.

Recently, a chlamydial 75-kDa outer membrane protein has been identified
as a member of the heat shock protein 70 family (138) and more specifically as a
DnaK homologue (139). Antibodies against this protein might be protective,
since polyclonal antisera react with surface-exposed epitopes and are neutralizing
in vitro (138). Moreover, there is a correlation between presence of antibodies to
this antigen (as well as several others) and apparent protection from salpingitis
(117). Unlike the 57-kDa GroEL homologue, the 75-kDa protein does not trigger
an ocular hypersensitivity response in previously infected animals (140). Caution
is warranted, however, because it shares regions of similarity with a sperm cell
receptor (139).

PROSPECTS FOR THE FUTURE

It is much too early to predict future success for vaccines against any
bacterial STD. Prospects appear best for a MOMP-based chlamydial vaccine,
followed perhaps by a gonococcal vaccine based on Por and/or other antigens. It
may be necessary to develop polyvalent vaccines, containing multiple epitopes of
a single molecule such as MOMP or Por. This might be accomplished by
synthetic peptide technology, or by use of recombinant DNA methods to
construct novel chimeric proteins. It also may be necessary to combine different
antigens, although this would greatly increase the number of possible vaccine
candidate combinations to be tested. Lack of really good animal models limits
development of vaccines for most of these infections, although there are several
good models in which to study chlamydia vaccines. Delivery of a vaccine is
another issue that will need to be addressed, and it could be crucial to initial
efforts to determine whether a vaccine candidate holds real promise and is worth
further development. Here, too, there is promise; a MOMP VDI neutralizing
peptide for trachoma serovar A has been expressed in poliovirus, with evidence
for strong immunogenicity in rabbits and production of high-titered neutralizing
antibodies (141).
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The ideal vaccine would decrease transmission of the infection between
partners and would prevent complications of disease.

Bacterial STDs are common infections and they cause important morbidity
as well as potentiation of HIV transmission. The effort to develop vaccines to
prevent these infections is challenging and is a very important goal.

SUMMARY

Bacterial infections of the genital tract (gonorrhea, chlamydia, chancroid,
syphilis) are common and cause significant morbidity. Their importance is
heightened by recent appreciation of their roles in facilitation of transmission of
the human immunodeficiency virus (HIV). Each is capable of causing repeated
infections, suggesting lack of permanent broadly effective immunity. An effective
vaccine has yet to be developed for any of these diseases. Rapid progress in
understanding the molecular basis for pathogenesis of infection, including
mechanisms for escape from otherwise effective immune surveillance and
mechanisms for causing injury to host cells, has stimulated renewed efforts to
make vaccines for some of these infections. Progress has been greatest for
Neisseria gonorrhoeae and Chlamydia trachomatis. Present emphasis is on the
major or principal outer membrane proteins of N. gonorrhoeae and C.
trachomatis, based on evidence for neutralizing antibodies directed against
surface-exposed variable domains of each of these proteins. Other surface-
exposed proteins, including the iron-repressible transferrin receptor in gonococci
and certain heat-shock proteins in chlamydia, also may be targets for vaccines.
Although much remains to be learned, cautious optimism is warranted.
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Quest for Life-Long Protection by
Vaccination

WALTER R. DOWDLE AND WALTER A. ORENSTEIN

Vaccines represent one of our most powerful and cost-effective prevention
tools. Successful vaccination programs have led to marked reductions in disease,
disability, and death (1). The successes of our current vaccination efforts raise the
question of how we can eliminate the disease burdens that remain.

THE IDEAL VACCINE

The ideal vaccine is one that is stable (i.e., will maintain potency under most
environmental conditions), safe, administered orally in a single dose at birth,
100% effective, reasonably priced, and protective for a lifetime. Unfortunately,
there is no such vaccine. Some of the vaccines currently available have one or
more of these ideal characteristics, but no single vaccine has all of them. The
goal of future research is to obtain vaccines as close to these ideal characteristics
as possible. Such research should be targeted toward a better understanding of the
host and pathogen interactions as well as the immunology of candidate vaccines.

Successful use of a vaccine requires widespread acceptance by the

Walter R. Dowdle is retired deputy director, Centers for Disease Control and
Prevention, Atlanta, Georgia, and currently a consultant to the World Health Organization
Global Poliomyelitis Eradication Initiative. Walter A. Orenstein is director, National
Immunization Progress Center for Disease Control and Prevention, Atlanta, Georgia.
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public, the health-care providers, and the public-health community. Such
acceptance is enhanced the closer the vaccine comes to meeting the ideal set of
characteristics previously mentioned. Much discussion about vaccines is devoted
to assuring efficacy, but safety is equally as important. Widespread acceptance of
vaccines can only be assured if the public believes vaccines will not harm them.
Concerns about vaccine safety led to marked drops in pertussis vaccine coverage
in Japan and the United Kingdom in the 1970s, with resultant major epidemics of
whooping cough (2, 3). The quest for life-long protection needs to be
accompanied by a quest for completely safe products.

Even though no vaccine today is perfectly safe or perfectly effective, with
the right strategy less-than-perfect vaccines can be powerful prevention tools.
Diseases can be eradicated with a strategy for vaccine use tailored to both the
characteristics of the vaccine and the epidemiology of the disease.

PROTECTION THROUGH VACCINATION

Life-long protection from disease through vaccination can be accomplished
in two ways: (¢) individual protection—assuring a life-long immune response
capable of repelling challenges individuals may receive at any time in their lives,
and (i) community protection—reducing or even eliminating the possibility that
nonimmune individuals will be exposed to the infectious agent.

All vaccines are given to protect individuals. Individual protection is the
only way to assure life-long protection against certain diseases with inanimate or
animal reservoirs for infectious agents, such as tetanus and rabies (4, 5). For these
diseases, vaccinated humans do not help to protect unvaccinated humans. All
susceptible persons are at risk, and that risk is not modified by reducing the
number of susceptibles through vaccination. Individual protection is also the only
protection available when vaccines are recommended for selected populations
whose behaviors place them at increased risk of disease exposure. These are
vaccines needed for international travel, special life-styles, selected occupations,
and other special uses. Included among these are Japanese encephalitis (6), yellow
fever (7), typhoid (8), adenoviruses 4 and 7 (9), anthrax (9), cholera (10), rabies
(11), and meningococcal (12) vaccines.

While influenza and pneumococcal vaccines are recommended for all adults
265 years of age and selected others with high-risk medical conditions, these
vaccines do not substantially reduce population exposure to the organism (13,
14).

For each of these diseases, temporary or life-long protection can only be
obtained through vaccination of each individual at risk. The ability to

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4772.html

ange: The Impact of Human Ecology and Behavior on Disease Transmission

QUEST FOR LIFE-LONG PROTECTION BY VACCINATION 237

induce lasting protection varies widely for available vaccines. Live attenuated
viral vaccines are generally believed to induce long-term, probably life-long,
protection among the great majority of individuals (9). Measles, mumps, rubella,
and oral polio vaccines are in this category. Inactivated vaccines and toxoids
usually induce shorter-term protection and require periodic boosters. Experience
with a number of the newer inactivated vaccines, such as hepatitis B vaccine and
enhanced-potency inactivated polio vaccine, is too limited to know the precise
duration of immunity (15, 16). Immunologic memory, even in the absence of
detectable antibody, may confer life-long protection.

Research is proceeding into new ways of developing vaccines that will lead
to longer-lasting immunity. An example includes the incorporation of genes
coding for key antigens of pathogens in live vectors that do not cause disease
(such as vaccinia) (17). Microencapsulation of antigens in polymers, which can
lead to either sustained release or pulsed release of those antigens over prolonged
periods, also offers promise (18).

Most discussions of life-long protection focus on individual protection. This
is an important consideration for any vaccine. However, we as a society derive
far more benefit by seeking protection for all by eliminating exposure to
infectious diseases.

For diseases transmitted solely from human to human, prevention of
exposure can be accomplished by creating high levels of population "herd"
immunity (19). Transmission of diseases such as measles is sustained when a
transmitting case comes in contact with a susceptible person. After an incubation
period, the susceptible person becomes contagious and the chain of transmission
is maintained. The chain of transmission is broken if the transmitting case comes
in contact only with immune individuals.

When there are high levels of immunity in the population, the likelihood
that a transmitting case will come in contact with a susceptible person is reduced,
thereby resulting in indirect protection of the few remaining susceptibles,
including those too young for vaccination, those with legitimate contraindications
to vaccination, and those whose vaccination fails to protect them. While there is
no absolute level of population immunity short of 100% that will guarantee
elimination of disease transmission, it is clear that the higher the level of
immunity, the lower the probability of significant transmission (19).

For example, use of a cellular pertussis vaccines in Japan among 2-year-old
children led to marked reductions of pertussis among younger children who were
not targets for vaccination (20). Similar effects have been seen in the United
States with Haemophilus influenzae type b and measles (21, 22). Any effort to
induce life-long immunity requires that vaccines be used and used widely among
targeted groups.
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RESULTS WITH CURRENT VACCINES

It would be useful to review how well we have protected both the individual
and the community with the currently available vaccines.

In the United States, there are nine vaccines routinely recommended for all
children: diphtheria, tetanus, pertussis, Haemophilus influenzae type b, measles,
mumps, rubella, hepatitis B, and polio (15, 23-28). Of these, all but tetanus
toxoid can lead to community protection from widespread use, reducing disease
transmission through herd immunity.

Vaccination of children with these vaccines has yielded spectacular results.
Shortly after the measles vaccine was introduced in 1963, measles decreased from
an annual average of >500,000 cases reported in the decade preceding licensure to
<25,000 cases in 1968. Since 1968, there has been a further decrease in
incidence, broken by three periods of increased incidence. Although small by
comparison to the incidence before the introduction of the vaccine, they were,
nevertheless, serious. During the last prolonged epidemic, >55,000 cases, 11,000
hospitalizations, and 130 deaths were recorded (CDC, unpublished data).

Rubella has shown an equally steep decline, from nearly 60,000 cases
reported at the time the vaccine was licensed in 1969 to only a few hundred in
recent years. As with measles, there are very few periods of increases in cases of
rubella, the most recent coming during 1990 and 1991.

Mumps has shown a similar decline from 1968 to 1992.

There have been no cases of paralytic polio caused by indigenously acquired
wild viruses since 1979 in the United States. There has been an annual average of
approximately 8 vaccine-associated polio cases (29).

The figures for the first half of 1993 show considerable improvement over
the same period for 1992, with decreases in reported measles cases of >90%.
With the exception of pertussis, tetanus, and rubella, all other reported cases are
going in the right direction—down. The increases in tetanus and rubella are
small, following record lows in 1992. We would like to think that these decreases
reflect the major vaccination effort between 1989 and 1991, particularly for
measles, but it is unlikely that we can take full credit. Epidemics run their course,
often without the help of vaccines.

Clearly, vaccination of children has been an enormously successful public
health strategy. Young parents today do not have the memories of childhood
infectious diseases that parents of 40 years ago have. By all criteria, as a nation,
we have accomplished even more than we dared dream when many of these
vaccines were first introduced. Much of our population has never experienced
these childhood infectious diseases for which vaccines are available. However,
the elimination of these childhood diseases is still an elusive goal. Our job is
incomplete.
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Nearly all children have received the appropriate vaccines prior to entry into
school or other organized settings, primarily as a result of state laws. Of children
at school entry, >95% have received appropriate vaccines. Vaccination levels for
children enrolled in licensed day-care or Head Start exceed 90%. These findings
do not apply to children under age 2.

The most recent data from the National Center for Health Statistics in 1991
reveal that nationally, among children 19-35 months of age, coverage rates for
the recommended vaccines were as follows: polio (three or more doses), 53%;
DTP (three or more doses), 69%; and MMR (one dose), 82%. (DTP is
diphtheria/tetanus toxoid/pertussis vaccine; MMR is measles/mumps/rubella
vaccine.) Just before the measles outbreak in 1989, full vaccination coverage was
<50% in some urban areas—a percentage far below that of many developing
countries. Children in Cairo, Bangkok, and Bombay have better vaccination rates
today than those in the inner cities of Houston or New York. Although none of
the childhood vaccines have 100% efficacy, a vaccine not given has a 0%
efficacy.

This low vaccination coverage rate for preschool children in the United
States is not new (30). Increasing the vaccine usage in this country has been a
constant challenge. At the time of the passage of the first Federal Vaccination
Assistance Act in 1962, only about two-thirds of the children under 5 years of age
had received each of the recommended series of vaccines.

How have we, certainly one of the most affluent countries in the world,
allowed this to happen? There are no simple answers, but three points should be
made. First, vaccination of the approximately 4 million children added to the
United States population each year is no simple task. Full protection before 2
years of age requires that each child receive a complicated series of 14—15 doses
of vaccines in four to five visits to a health care provider (15, 23-28). Second,
unlike school entry, where there are laws in each state requiring proof of
appropriate vaccination, there are no laws requiring vaccination of all infants.
Aside from children entering licensed day-care or Head Start, vaccination is
voluntary. Third, unlike most other developed and many developing countries,
the United States does not have a structured system of health care that assures
parents access to providers (31). Achieving high levels of coverage is further
hampered by the lack of a system of record keeping that would allow providers
knowledge about the immunization status of a new patient.

In regard to the first point, combining vaccines and simplifying the dosage
schedule for children <2 years of age would help considerably. Not only does the
15-dose, four- to five-visit schedule impose a major economic burden on many
parents, the three to four injections per visit poses pain for the child, and anxiety
for the parent and the health care
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provider. The complexity of the schedule leads to parental misunderstanding and
confusion, with high dropout rates, missed vaccination opportunities, and higher
societal costs.

The probability is high that still more vaccines will be licensed for children.
The number of vaccines has become a limiting factor.

Multinational organizations have recognized the need for more efficient
delivery of new and better vaccines for developing countries and in 1990 made a
commitment to the production and delivery of easily administered and affordable
children's vaccines. The result of that commitment is the Children's Vaccine
Initiative (CVI) established by the United Nations Children's Fund (UNICEF),
The United Nations Development Program (UNDP), The Rockefeller
Foundation, The World Bank, and The World Health Organization (WHO). The
CVI concept is largely directed toward developing countries, with special needs
for an expanding number of combined, low-cost, and heat-stable vaccines.

The recent Institute of Medicine report The Children's Vaccine Initiative
1993 describes the advantages that would accrue to the United States through
support of The Children's Vaccine Initiative (32).

Children from developed, as well as developing, countries can greatly
benefit from fewer and less expensive injections. It is heartening to learn that one
United States manufacturer is now marketing a combined DTP and Hib
(Haemophilus influenza b) vaccine and that several manufacturers are developing
other combinations that will reduce the number of injections.

Even without such combinations, the United States has demonstrated that it
can vaccinate the vast majority of its children when immunization is linked to
something more valuable—i.e., requirement for entry to school (33). In those
settings, barriers to immunization are overcome. The need for school laws to
assure immunization of schoolchildren has led some to feel that we will reach our
goals for 2-year-old children only if there are also laws requiring the vaccination
of preschool children. It is not clear how such laws would be written or how they
might be enforced if passed. In any event, there seems to be no visible legislative
support for such laws at present.

As to the final point, the absence of a single health infrastructure to assure
vaccination of those <2 years of age means that the full responsibility for
vaccination rests with the parents, who are frequently poorly informed about the
needs for early vaccination. In contrast to the United Kingdom, where providers
are held accountable for immunizing their patients, most providers in the United
States do not receive rewards or suffer consequences depending upon the
immunization status of their patients (34).

Congress and the current administration are determined to close the
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vaccination gap. The President's budget for 1994 contains funds for increased
purchasing of vaccines, building state and local infrastructure for vaccine
delivery, and conducting public education and outreach. The goal for 1996 is 90%
vaccine coverage for most of the recommended vaccinees and zero incidence of
most of the vaccine-preventable childhood diseases.

DISEASE ERADICATION THROUGH VACCINATION

Thus, in our quest for life-long protection by vaccination, our first
responsibility is to a better use of the vaccines that we already have.

The ultimate goal of community protection is disease eradication. The most
effective means of providing life-long protection through vaccination is
elimination of the infectious agent. Several factors related to disease and vaccines
make the eradication of an infectious disease possible. Diseases that should be the
easiest to eradicate with effective vaccines are characterized by person-to-person
transmission, humans as the only natural host, absence of an inanimate reservoir,
limited duration of shedding of the organism when infected, no long-term carrier
state, and a distinctive, clinically apparent syndrome to facilitate case detection
and response. Appropriate vaccines should be characterized by high efficacy at
preventing not only disease but also infection and transmission. Such vaccines
should be easy to use and stable and should provide long-term duration of
protection with a limited number of doses. Finally, and critically, there must be
commitment to eradication at both the international and national levels. Some of
the viral diseases for which vaccines are available have many of the biological
characteristics desirable for eradication, although the commitment of the
international community remains a challenge.

Smallpox vaccine represents an ideal example of life-long protection. The
story of the eradication of smallpox is well known (35). The World Health
Organization (WHO) Smallpox Eradication Program ran from 1966 to 1980. The
last case of smallpox occurred in 1977 in Somalia.

When the WHO eradication program began in 1967, smallpox was endemic
in 33 countries, with an estimated 10—-15 million cases and 2 million deaths.
Perhaps less well known was the high human toll associated with routine
vaccination against smallpox. In the United States in 1968 alone, 9 people died
from complications of primary vaccination; >8000 had complications requiring
medical attention, and >200 were hospitalized, 4 being permanently disabled
(36). Untold numbers of other vaccinees had adverse reactions not requiring
medical attention.

The smallpox vaccine was not ideal. Adverse reactions were common, and
the duration of protection was limited. Eradication was achieved
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despite these shortcomings through a strategy tailored specifically to the
epidemiology of smallpox—targeted vaccination in the immediate vicinity of
cases otherwise known as "ring vaccination" or "search and containment" (35).
Eradication eliminated not only a serious infectious disease but also eliminated
the need to use a vaccine that had accompanying adverse reactions.

The total U.S. contribution to the smallpox eradication campaign was $32
million, an investment that has been returned every 2.5 months since 1971 (37).
The discontinuation of smallpox vaccination in the United States resulted in a
direct savings since 1983 of >3 billion dollars (J. D. Sencer and N. W. Axnick,
cited in ref. 35, p. 1365). These savings continue to accrue day after day and year
after year, thus making these funds available for other pressing public health
needs.

Today the debate focuses on the final destruction of smallpox virus stocks
held by the Centers for Disease Control and Prevention (CDC) in Atlanta and the
Institute of Viral Preparations in Moscow.

Ten years after the last smallpox case, the World Health Assembly called for
eradication of another virus disease, polio (39, 40). The target dates were for the
American region by 1990, the western Pacific and European regions by 1995, and
worldwide by 2000.

Through the efforts of WHO's Expanded Programme on Immunization,
donor agencies, multinational organizations, and individual countries, an
estimated 84% of the infants born in 1990 were immunized against polio. The
decreases in the number of cases of polio reported to WHO, although considered a
fraction of the total cases, have been encouraging.

The WHO estimate of the number of cases of paralytic polio has been
reduced from >400,000 annually in 1980 to 127,000 annually today. China, for
example, reported a 58% decrease in cases between 1989 and 1991. Polio-free
zones are beginning to emerge in North Africa, southern and eastern Africa, the
Middle East, Europe, and the Pacific Rim. In the Western Hemisphere, the last
case of paralytic polio caused by a wild virus was identified in 1991 (41, 42).

There are still enormous challenges ahead. India, Pakistan, and Bangladesh
account for two-thirds of the cases reported to WHO. The Indian subcontinent
will remain a reservoir of polio, reinfecting other countries, unless major progress
is made over the next few years. There are also the ever-present wars and civil
disruptions that interfere with the expanded immunization programs.

Much more help is needed from the developed world if the eradication
effort is to succeed. Specific polio eradication efforts, including vaccine
production and distribution, disease surveillance, and laboratory networks cost
money. However, full investment in the effort to eradicate polio could pay
enormous dividends. In the United States, eradication would
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mean discontinuing the use of the vaccine, resulting in savings of approximately
$110 million per year in vaccine costs alone—independent of administration
costs. Eliminating the use of oral vaccine would also eliminate the annual average
of eight or so vaccine-associated cases of poliomyelitis that occur in the United
States each year (29).

In fact, with time, there is no good reason why any of the current childhood
viral diseases for which vaccines are available could not be eradicated. Measles,
while potentially most difficult to eradicate as a result of its high
communicability, deserves highest priority because of its substantial health
consequences (43, 44). Before vaccination, WHO estimated measles caused 2.5
million deaths annually, most of which were in the developing world.

Measles decreases with high levels of vaccination. An example includes the
apparent termination of measles transmission recently in much of the United
States, where only 167 cases were reported during the first 26 weeks of 1993—
the lowest total ever reported (45). Innovative strategies may be needed, but there
is promise. For example, mass campaigns vaccinating all children between 9
months and 14 years of age (regardless of prior vaccination history) in the
English-speaking Caribbean and multiple Latin American countries have led to
virtual elimination in many areas (46).

Hepatitis B must also be considered a potentially eradicable disease, despite
the high carrier rates in many developing countries. In the United States, there are
an estimated 1 to 1.25 million chronic hepatitis B carriers (15). Eradication will
require a lifetime, or maybe two, but it, too, is doable.

Experience today with hepatitis B virus vaccine has been encouraging.
Universal immunization of an Alaskan (47) population with a virus carrier rate in
some groups of >30% reduced the number of clinical hepatitis B cases to zero in
<5 years.

Results of childhood hepatitis B virus vaccination programs in several
countries where hepatitis B virus infection is highly epidemic are very
encouraging. In Taiwan (48), perinatal and routine infant hepatitis B vaccination
have resulted in a decline of chronic hepatitis B infection identified among
children from 10% to 2.2% after 5 years. In Gambia (49), the overall prevalence
of hepatitis B infection among children declined from 53% to 9%, and the
prevalence of chronic hepatitis B declined from 12% to 0.5% within 6 years after
the introduction of routine infant hepatitis B vaccination. In American Samoa
(38), prevalence of hepatitis B infection among children declined from 23% to
11.5%, and prevalence of chronic hepatitis B declined from 7% to 1.5% within 4
years after the implementation of perinatal, routine infant, and catch-up hepatitis
B vaccination programs.
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In conclusion, the ultimate goal for vaccination is not simply long-term
protection of the individual but also long-term protection of all individuals. The
epidemiology of many infectious diseases allows for societal protection when
high levels of immunity in the population are achieved, even if that immunity
level is not 100%. But those high levels of immunity must be sustained with high
dollar costs to society. Any reduction in effort or funding can lead to return of
disease. Instead, our objective should be eradication of the infectious agent
whenever feasible. The quest is not simply for better vaccines. The quest that will
lead us to our goal will be through a better understanding of the epidemiology of
vaccine-preventable diseases and an elucidation of the strategies for vaccine use.
Any disease of sufficient public health importance to warrant routine vaccination
is also of sufficient importance to warrant reasonable attempts at eradication.

SUMMARY

Life-long protection from disease through immunization can be
accomplished through individual or community protection. Individual protection
is the goal for vaccination against diseases that have inanimate or animal
reservoirs or that pose risks for certain populations. Community protection is the
goal for vaccination against diseases that are transmitted only from human to
human. Community protection afforded by childhood vaccines has been highly
successful against measles, rubella, mumps, and polio. However, outbreaks of
measles, rubella, and mumps continue to occur, primarily because of inadequate
immunization of children under age 2. Simplification of vaccination regimens,
provision of incentives to care providers and parents, and increased access to care
should improve vaccination rates in the United States. Better protection requires
better use of available vaccines. Eradication of disease through vaccination is the
ultimate goal of community protection. Elimination of the infectious agent is the
most effective means of achieving life-long protection. The World Health
Organization's (WHO) smallpox eradication campaign eliminated a serious
disease as well as the need for a vaccine with frequent and severe adverse
reactions. The discontinuation of smallpox vaccination in the United States has
produced a savings of over $3 billion. Polio has been targeted by WHO for
eradication by the year 2000. The eradication of polio and the elimination of the
need for polio vaccination in the United States should result in a savings of $110
million per year in vaccine costs alone. Strong United States support is crucial for
WHO to reach its goal. Any of the vaccine-preventable childhood virus diseases
could be eradicated with sufficient national and international will. Measles and
hepatitis B
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158
Erythema migrans, in Lyme disease, 1, 6

Erythromycin, resistance to, 123
Escherichia coli

enterohemorrhagic, 35-36

nosocomial infection with, 119
EV (epidermodysplasia verruciformis), 158
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Hospital-acquired infections. See Noso-
comial infections
HPV. See Human papillomavirus (HPV)
HSV. See Herpes simplex virus (HSV)
Human ecology, effects on infectious dis-
eases of, vii-viii, ix
Human immunodeficiency virus (HIV)

in Africa, 79-86
bacterial STDs and, 189-191, 214
behavioral personal environment of,
148-151
changing patterns of, 142-143
factors associated with dissemination of,
93-94
global distribution of, 77, 78
and hepatitis, 63-64
and human papillomavirus, 160-161
population migration and, 77-94
population shifts of, 142-143
prevention of, 153-154
and restrictions on travel, 92
sociocultural macroenvironment of,
151-153
in Southeast Asia, 89-92
and tuberculosis, 138-139
type 1
in the Americas, 87-89
global distribution of, 78
in Uganda, 81-82
urbanization and, 81
type 2
vs. HIV-1, 83-85
outside West Africa, 86-87
and West Africa, 83-86
urbanization and, 80-81

Human papillomavirus (HPV)
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changing patterns of, 146
classes of, 158-159
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vaccination for, 161-166
Hygiene
and hepatitis A, 61
and STDs, 198
Hypertension, and malaria, 101-102

I

Immune enhancement, 47
Immunoprophylaxis, for neonatal herpes
simplex virus, 183-184
Immunosuppressive treatment, and noso-
comial infections, 115-116
India, HIV infection in, 87, 91-92
Industrialized areas
enteric infections in, 32, 34-37
HIV in, 82-83
Infectious agents, recognition of new, viii
Inoculum size, for STDs, 196
Iron overload, and malaria, 102-103
Isonicotinic acid hydrazide (isoniazid), for
tuberculosis, 137
1UDs, and STDs, 150
Ixodid ticks, as vector for Lyme disease,
2-3, 10

K

Klebsiella pneumoniae, antibiotic resis-
tance of, 128-129

L

Leukoencephalitis, from Lyme disease, 7
Lipooligosaccharide (LOS), as vaccine for
gonorrhea, 222-223
Liver disease, and malaria, 102-103
Lyme disease
chronic fatigue or fibromyalgia follow-
ing, 7
clinical picture of, 6-7
diagnostic tests for, 8-9
epidemiology of, 4-5
evolution of environment and, 3-4
historical background of, 1-2
misdiagnosis of chronic, 7-8
prevention of, 10
prophylaxis for, 10
treatment of, 9
vaccine for, 10
vector and animal hosts for, 2-3

M

Macroenvironment, of STDs, 151-153
Macrolides, resistance to, 123
Major outer membrane protein (MOMP),
as vaccine for chlamydia, 226 -227
Malaria
blood groups and, 105-108
hemoglobin S and, 100
HIA locus and, 103-105
hypertension and, 101-102
iron overload and, 102-103
mortality from, 100-101
as selective force in evolution, 100-101
Marriage, age of, 201
Measles mumps rubella (MMR) vacine,
238,239, 243
Melanesian ovalocytosis, and malaria, 100
Menarche, age at, 201
Methicillin-resistant S. aureus (MRSA),
119-121, 123
Microenvironment, of STDs, 147-148
Migrant labor, and HIV, 82, 88-89
Migration
and bacterial STDs, 199
defined, 79
and HIV, 77-94
MMR (measles mumps rubella) vaccine,
238,239, 243
MOMP (major outer membrane protein),
as vaccine for chlaymdia, 226 -227
Monoclonal antibodies, for prevention of
neonatal herpes simplex virus, 183
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MRSA (methicillin-resistant S. aureus), and HIV, 77-94
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Mpycobacterium tuberculosis, drug resis- Portugal, HIV in, 87

tance of, 135-139 Poverty, and STDs, 152-153

Pregnancy
cytomegalovirus during, 26, 27

N teen, and STDs, 203
Needles, and hepatitis B, 62 Premarital sexual activity, and STDs, 148,

Neisseria gonorrhoeae, virulence of, 197 19?
Nigeria, HIV in, 86 Prevention
Nosocomial infections of dengue, 57

age of patient and, 114 of Lyme disease, 10 )
antimicrobial resistance in, 116-117, of neonatal herpes simplex virus, 182-184

119-131 of STDs, 153-154

complexity of surgical procedure and, Prophylaxis )
114-115 for Lyme disease, 10

immunosuppressive treatment and, for neonatal herpes simplex virus,
115--116 182-183
Prostitution, and HIV, 82-83, 86, 89, 90
Pseudomonas aeruginosa, nosocomial
infection with, 119

incidence of, 113
pathogens in, 116-119
type of surgery and, 115

0 R
Rifampin, resistance to, 122

Opacity proteins (Opas), as vaccine for ! ST
Ring vaccination, 242

gonorrhea, 222

Oral contraceptives, and STDs, 150-151,
205

Organ transplants, and nosocomial infec-
tions, 115-116 Salmonella enteritidis, and commercializa-
tion of food production, 34-35

Salt retention, and malaria, 101-102

Sanitation, and hepatitis A, 61

Search and containment, 242

)

Papillomavirus. See Human Papillo-
mavirus (HPV)
Penicillin G, resistance to, 116-117
Penicillin resistance
of coagulase-negative staphylcocci,
121-123
in Enterococcus spp., 124-128
of Staphylococcus aureus, 16-117,
119-121
Physiological microenvironment, of
STDs, 147-148
Pili, as vaccine for gonorrhea, 221-222,223
Pinta, 198
Polio vaccine, 238, 242-243
Political environment
and diarrheal disease, 34
and STDs, 153
Population migration
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Sexual behavior
and hepatitis B, 63-64
and STDs, 148-151, 194-196
Sexual intercourse, age of first, 148-149,
195
Sexually transmitted diseases (STDs)
in adolescents, 202-205
bacterial
age of sexual maturation and marriage
and, 201
child abuse and neglect and, 203
cocaine use and, 204-205
complications and sequelae of, 205-206
crowding and, 198
demographic transitions and, 199-201
economic development and, 197
geography and, 198
health services and, 192-194
and HIV, 189-191, 214
hygiene and, 198
migration and, 199
oral contraceptives and, 205
prevalence of, 189, 190
risk of, 206-207
social and economic development
policies and, 202
"socio-geographic space" and, 198-199
teen pregnancy and, 203
travel and, 199
vaccines for, 213-228
violence and, 203-205
war and, 199
behavioral personal environment of,
148-151
changing patterns of, 141-146
efficiency of transmission of, 196-197
environmental changes affecting,
146-153
epidemiologic models of, 191-192
physiological microenvironment of,
147-148
prevention programs for, 153-154
sexual behavior and, 148-151, 194-196
sociocultural macroenvironment of,
151-153
Sexual maturation, age of, 201
Sexual partners, number of, 149
Shigella spp., diarrheal diseases due to,
36-37
Smallpox vaccine, 241-242
Sociocultural macroenvironment, of
STDS, 151-153
"Socio-geographic space," and bacterial
STDs, 198-199

Staphylococci, coagulase-negative
antimicrobial resistance of, 121-123
nosocomial infection with, 118, 119

Staphylococcus aureus
antibiotic resistance in, 116-117, 119-121
nosocomial infection with, 118, 119

Staphylococcus epidermidis, antimicrobial

resistance of, 122
STDS. See Sexually transmitted diseases
(STDs)

Streptomycin
resistance to, 124-125, 136-137
for tuberculosis, 136-137

Syphilis
changing patterns of, 143-144
endemic, 198
etiology shift of, 144
population shift of, 143-144
reemergence of, 143
vaccine for, 215-217

Syringes, and hepatitis B, 62

T

Tbps (transferrin-binding proteins), as
vaccine for gonorrhea, 223 -224

Teenagers, STDs in, 202-205

Tetracyclines, resistance to, 122-123

Thailand, HIV infection in, 89-91

Ticks, as vector for Lyme disease, 2-3, 10
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Transferrin-binding proteins (Tbps), as
vaccine for gonorhea, 223-224
Transfusions, hepatitis B from, 64
Travel
and bacterial STDs, 199
and diarrheal disease, 37
and HIV, 81-82, 92
Treponema pallidum. See Syphilis
Treponema rare outer membrane proteins
(TROMPs), 217
Trimethoprim, resistance to, 123
Tuberculosis
drug-resistant, 135-139
and HIV, 138-139
Typhoid fever, 33

U

Uganda, HIV in, 81-82
United States
bacterial STDs in, 193-194
HIV-1 in, 87-89
sexual behavior in, 195-196
Urbanization
and enteric infections, 32-33
and HIV, 80-81, 83, 84

v

Vaccine(s)
for bacterial STDs, 213-228
for chancroid, 214-215
for chlamydia, 224-227
for hepatitis B, 62, 64
for human papillomavirus, 161-166
ideal, 235-236
for Lyme disease, 10
for prevention of neonatal herpes sim-
plex virus, 183-184
protection through, 236-237
results with current, 238-241
ring, 242
for syphilis, 215-217
Vaginal douching, and STDs, 150, 151
Vancomycin, resistance to, 123-124,
125-128
Vector
for dengue, 49-52
for Lyme disease, 2-3, 10
Vibrio cholerae, 37-38
Vidarabine, for neonatal herpes simplex
virus, 178-180
Violence, and STDs, 203-205

Virulence, of Neisseria gonorrhoeae, 197

W

Wars

and bacterial STDs, 199

and diarrheal disease, 34
Waterborne infection, with hepatitis E, 69
West Africa

HIV-2 and, 83-86

HIV-2 outside of, 86-87

Y
Yaws, 198

Z
Zaire, HIV in, 81
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