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As the human immunodeficiency virus (HIV) discase pandemic surely
should have taught us. in the context of infectious diseases. there is no-
where in the world from which we are remote and no one from whom we
are disconnected. Consequently, some infectious diseases that now affect
people in other parts of the world represent potential threats to the United
States because of global interdependence, modern transportation, trade. and
changing social and cultural patterns.

The United States currently expends 14 percent of its gross national
product on health: the vast majority of the money is spent on curative
medicine to treat people who are already ill. The major premise of this
report is that anticipation and prevention of infectious diseases are possible,
necessary, and ultimately cost-effective.

In the battle against infectious disease, drugs. vaccines. and pesticides
are important weapons. Becausc of the evolutionary potential of many mi-
crobes. however, the use of these weapons may inadvertently contribute to
the selection of certain mutations, adaptations, and migrations that enable
pathogens to proliferate or nonpathogens to acquire virulence. In those cir-
cumstances in which humankind has been successful in the battle against
specific diseases. complacency (i.e.. the assumption that we have conquered
a disease and can thus shift our concern to other pressing problems) can
also constitute a major threat 1o health. Such complacency can extend
beyond those infectious diseases that have been successtully suppressed
to embrace the concept that all infectious diseases are readily suppressed
because of the advances of modern medicine. Shifting priorities, there-
fore. can allow for the reemergence, as well as the emergence. of
diseases.

X
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In May 1989, Rochefeller University. the National Tostitute of Allergy
and Infectious Discases. and the Fogarty International Center co-sponsored
a conference on emerging viral agents, Although the conference focused on
viruses, it spurred interest in the emergence and resurgence of @lf classes of
infectious agents.

At the conference and in other forums, concern was expressed about the
apparent compliaceney of the scientific and medical communities, the pub-
lic. and the political feadership of the United States toward the danger of
emerging infectious diseases and the potential tor devastating epidemics.,
Recognizing these concerns, the Board on Health Sciences Policy of the
Institute of Medicine (10M) determined that the 10M could play a unique
role by reviewing the relevant science, desceloping a research agenda, con-
sidering the implications for policy. and making specitic recommendations
for mimmizing the public health impact of future emerging microbial threats.
In mid- 1989, a study proposal was developed and approved. wund sponsors
were secured. Thus. the 1989 conference served as an excellent prelude to
the TOM study.

In February 1991, the TOM convened a 19-member multidisciplinary
committee to conduct an 18-month study of emerging microbial threats o
health. Commitiee expertise comprised the fields of epidemiology. virol-
ogy. immunology. tood safety microbiology. food toxicology. public health,
molecular biology, cell biology, economics. microbial gencties. parasitol-
ogy. infectious diseases, microbial pathogenesis. medical entomology and
syatematics. and bacterial physiology.

The charge to the Committee on Emerging Microbial Threats to Health
was o adentify signiticant emerging infectious discases. determine what
might be done to deal with them. and recommend how similar future threats
might be confronted to lessen their impact on public health, The committee
did not address biological warfare because this issue is already under study
by another punel within the National Academy of Sciences.

The tull committee held four meetinzs over the course of the study. At
the first meeting, it was noted that a significant number of the members had
ties to the biotechnology industry. which involved specific products such as
diagnostic test kits and vaccines. Because the commitiee was not expected
to make any diseasc- or product-specific recommendations, these ties were
not considered to be conflicts of interest.

Also at the first meeting, the committee determined that, owing to the
breadth of the topic. it would confine its work to emerging microbial threats
to LLS. public health: it recognized. however, that even that topic could not
be adequately addressed without considering emerging threats globally.
The committee’s recommendations thus target ULS. public health concerns.,
although they may have some relevance for the global population. The 10OM
published two carlier reports that bear on microbial threats outside the
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United States: The US. Capacirty to Address Tropical Infectious Disease
Problems (1987) and Mualaria: Obstacles and Opportunities (1991).

In addition 1o the meetings of the full commitiee, four task forces and a
subcommittee met over the course of the study. The task forces provided
additional information in four arcas: bacteria. chlamydiae, and ricketsiae;
viruses: protozoans. helminths, and fungi: and policy options. The subcom-
mittee met to refine the committee’s conclusions and recommendations.

For the purposes of this report. the committee makes an impaortant dis-
tinction between infection and discase. Infection implies that an agent. such
as a virus, has taken up residence m a host and is multiplving within it—
perhaps with no outward signs or symptoms. In contrast. those who appear
“sick™ are said to have a “disease.” and generally it is tor these individuals
that public concern is greatest. In fact. though, many more people usually
are infected with the causative agent or exposed to the source of mtection
(such as an insect vector) than become ill. Controlling or limiting the dis-
case depends in many cases on suppressing transmission. For example. al-
though chronic carriers of hepatitis B virus or Safmonefla bacteria mav not
be ill themselves, they are capable of transmitting infections to susceptible
individuals and thus are a potential threat to public healih.

Rather than organize the report around specific diseases. the committee
decided to focus on factors that are implicated in the emergence of afec-
tious discases within the United States. The report begins with an executive
summary. which reviews the main points of the committee’s deliberations
and presents its recommendations from Chapter 3. Chapter | provides back-
ground material for the general reader. lays out some of the reasons for
optimism about the future. tempers that wth information on some diseases
that have recently emerged or that are emerging, and outlines the fundamen-
tul problems that must be addressed if we are to be prepared tor the future.
Chapter 2 defines “emerging microbial threats to health.” identifies and
discusses major factors in the emergence of such threats, and gives specific
examples of situations in which these factors have been important to the
emergence or reemergence of discase. The factors discussed are (1) human
demographics and behavior, (2) technology and industry, (3) economic de-
velopment and fand use. () international travel and commerce., (3) micro-
bial adaptation and change. and (0) breakdown of public health measures.
Chapter 3 considers past and current efforts to address emerging threats in
the context of recognition and intervention: it includes the commitice’s
recomumendations for approaching current and luture cemerging microbial
theeats. The report is written in large part as background for the general
reader because the committee believes that the public needs to understand
the importance of these threats.

fCis this committee’s considered opinion that the next major infectious
agent to emerge as a threat 1o health in the United Siates may, like HIV, be
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a pathogen that has not been previously recoznized. Theretore, rather than
attempt to List and discuss all organmisms that mught pose a tuture threat. this
report uses examples 1o illustrate principles involved in the emergence of
contemporary infectious diseases and the resurzence of old diseases. Tt
the committee’s hope that lessons from the past will iHluminate possible
approaches to prevention and control of these diseases in the future,

Joshua Lederberg, Co-chair Robert E. Shope. Co-chair
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Executive Summary

Disease-causing microbes have threatened human health for centuries.
The Institute of Medicine’s Commitiee on Emerging Microbial Threats to
Health believes that this threat will continue and may even intensify in
coming years. The committee’s report. which is summarized here. describes
key elements responsible for the emergence of infectious diseases: it also
presents recommendations that, if appropriately implemented, should allow
the Unitcd States to be better prepared to recognize and respond rapidly to
these public health threats.

What are the factors, operating both singly and in combination, that are
contributing to the emergence of such pathogens? Like other living organ-
isms, infectious agents are subject to genetic change and evolution. This
quality is manifested by their ability to infect new hosts, by alterations in
their susceptibility to antimicrobial drugs, and by changes in their response
to host immunity. Alterations can also occur in geographic ranges: in some
cases, modern transport has led to rapid movement of agents throughout the
world. The human host has changed as well. We have adopted new types of
personal behavior and new food-processing methods that may enhance trans-
mission of some microbes. New diseases and modern medical treatments
may result in immunosuppression and thus increase susceptibility to patho-
genic microorganisms. Moreover, in recent years. the human population has
experienced rapid growth and increased mobility resulting in intrusion into
new ecological settings. These changes in infectious agents and human populations
favor exposure to new pathogens and more efficient transmission of recog-
nized microbes.

Other changes are also affecting disease emergence. For example. some
tnfectious agents exist in vertebrate reservoirs such as wild animals. These
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agents, in some wstances, have migrated and ancreased in number. Some
microbes thai are trancmitted by insects or other vectors exhibit these char-
acteristics us welll i addition, they may have become resistant to pesti-
cides. which impedes efforts at control. Finally. the environment has changed
and will continue to change. Humanity has altered the world's ccelogy
through deforestation, urbanization, and industrialization. which some be-
leve may lead w global chimate change, Morcover, the world periodically
experiences civil unrest and war, which can lead to regional breshdowns in
sanitation. allowing microbes 1o flourish. Individually and collectivels. these
and other factors lead to the emergence and reemergence of microbial pathogens,

Infectious disecases remain the major cause of death worldwide (World
Health Organization. 1992y and will not be conquered during our lifetimes.,
With the application of new scientific hknowledee, well-planned intersention
strategies. adequate resources, and political wille many of these discases
may be presvented by immunization, contained by the use of drugs or vector-
control methods. and. in a very few cases. even eradicated——but the major-
ity are hikely to persevere. We can also be confident that new diseases will
emerge. although it s impossible to predict their individual emergence in
time and place. The committee believes that there are steps that can and
must be taken to prepare for these eventualities. Tis recommendations ad-
dress both the recognition of and interyventions against emerging imfectious
diseasces.

RECOGNITION

The key to recognizing new or emerging infectious discases, and to tracking
the prevalence of more established ones. s surveillance. A well-designed.
well-implemented surveillance program can detect unusual clusters of dis-
case. document the geographic and demographic spread ot an outbreuak. and
estimate the magnitude of the problem. Tt can abso help to describe the
natural history of a discase. identity tactors responsible for emergence. fa-
ciittate laboratory and epidemiological research. and assess the success of
specific mtervention efforts,

The importance of surveillance o the detection and control of emerging
microbial threats cannot be overemphasized. Poor surveillance leaves
policymakers and medical and public health professionals with no basis for
developing and implementing policies to control the spread of infectious
diseases. The commitiee does not know whether the impact of human im-
munodeficiency virus (HIV) discase could have been limited if there had
been an effective global infectious discase surveitlance system in place n
the late 19605 or carly 1970s. However, without such a svstem in place. we
would have litle chance tor carly detection of emerging diseases in the
tuture.
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Current TS0 discase sunveilhnee eftorts include both domestic amnd
termatonal cormponeats. Domestucatly s the bulk of tederal discase reporing
requirements (ndividual states also require reporting e mnplemented
through the Nationdd Notitiable Discases Surverllance System. estabhshed
m 1961 and administered by the Centers for Discase Contiol 1CDCy. Fhe
CDC also operates o domestie ifluenza suryeillance prognnm that supplies
cpidemiological information to public health otticals, physicians, the media
and the public.

Notwithstanding such programs, the United States has no comprehensive
national system tor detecting outbreaks of infections discase texeept tor
food- and waterborne discases). Outbreaks of any discase that s not on
CDC's current List of notitiable ilnesses oy go undetecied or may be
detected onby after an outbreak iy well wnder way, Emerging nfectious
discases, with the exception of those reportable diseases that reemerge. abso
are not detected through estabhished sunveiltance activities. Another prob-
lem is the fack of coordination among the various ULS. government agen
cies. or between government agencies and private organizations, imvalved
i these eftorts, The effechiveness of US domestic surverdlanee could be
vasthy improved by designating an ageney or central coordinating body as i
focus tor such activities.,

The committee recommends the development and itmplementation of
strategies that would strengthen state and federal cfforts in LS, sur-
veillance, Strategy development could be a function of the Centers for
Discase Control (CDC). Alternatively, the strategy development and co-
ordination functions could he assigned to a federal coordinating body
(e.g.. a subcommittee of the Federal Coordinating Council for Science,
Fngincering, and Technology's [FCCSET] Committee on Life Sciences
and Health,! specifically constituted to address this issue. fmplementa-
tion of the strategies would be assigned to the appropriate federal agen-
cies te.g.. CDC National lastitutes of Health, US. Department of Agri-
culture). Approaches for consideration could include simplifving current
reporting forms and procedures, establishing a telephone hotline by
which physicians could report unusual syndromes, and using electronic
patient data collected by insurance companies to assist in infectious
discease surveillance,

The FCOSE T g tederalls appomted body ot expernis that serve on seven stindime commnt
fevs and act s 0 mechanesin tor coardiatme soence. chgineeting. technoloey s and aclated
achivities ot the tederad covernment that mvolve mere than one agency - e addimon 1o conduat
I cross outiiny anboes of progeans and budgers: the sanous comauttees and then subeom
mtttces pmtenrzeney workre croupsy canune wide tanging tomos stk the coal ol reachung
comsensus on tusdamentd assaptions and procedioes that can pide the actiions ot the

pattbicpating agencies sacey mg therr mission objedines more ettectinedy
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A second major domestic discase surveillanee eftort is the Natonal
Nosocomial Infections Surveillance System (NNISS), which currently gath-
ers data from approximately 120 sentinel hospitals and s operated by
CDC’s Hospital Infection Program. Although nosocomial diseases consti-
tute an important share of the burden of discase in this country. the svstem
has several magor limutations. For example. it cannot correct for differences
among participating hospitals tn diagnostic testing, intensity ot surveillance,
and provisions for postdischarge sureveitlance. The requirement that NNISS
member hospitals have at least 100 beds, and the relatively small sample of
hospitals that are included in the system, are also potential sources of bias,
Current plans call for improvements in the dissemination of NNISS data.
the inclusion of a surveillance component for immunosuppressed patients,
and the addition of more sentine!l hospitals, among other eftorts.

The committee recommeads that additional resources be allocated to
the Centers for Disease Control to enhance the National Nosocomial
Infections Surveillance System (NNISS) in the following ways:

1. Include data on antiviral drug resistance.

2. Include information on morbidity and mortality from nosocomial
infections.

3. Increase the number of NNISS member hospitals.

4. Strive to make NNISS member hospitals more representative of
all U.S, hospitals.

5. Evaluate the sensitivity and specificity of nosocomial infection sur-
veillance activities performed in NNISS member hospitals.

6. Determine the reliability of antimicrobial susceptibility testing per-
formed in NNISS member hospitals.

Considerable effort and resources are being expended on the various
surveillance activities in which U.S. government agencies and the private
sector participate. Much of this information, however. is not readily acces-
sible. There is currently no single database from which a physician. re-
searcher, health care worker, public health official. or other interested party
can obtain information on disease incidence, antibiotic drug resistance. drug
and vaccine availability. or other topics that might be relevant to infectious
disease surveillance. prevention. treatiment, and control.

The committee recommends that the U.S. Public Health Service develop
a comprehensive, computerized infectious disease database. Such a da-
tabase might consolidate information from more specialized sources,
such as the National Nosocomial Infections Surveillance System (NNISS),
the National Electronic Telecommunications System for Surveillance
(NETSS), and the influenza surveillance system: it could also include
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additional information, such as vaccine and drug availability, As an alter-
native, expansion of currently available databases and provisions for easy
access to these sources should be aggressively pursued. The implementa-
tion of such a program should also encompass expanded efforts to inform
physicians, public health workers, clinical laboratories, and other rel-
evant target groups of the availability of this information.

U.S.-supported overseas laboratories have played a historic role in the
discovery and monitoring of intectious discases. The United States and
other nations first created these disease surveillance posts. many of them in
tropical and subtropical countries, to protect the health of their citizens who
were sent to settle or administer recently acquired territory. After World
War i, there was a second blossoming of such surveillance activities. The
Fogarty International Center was established, as were several overseas labo-
ratories statfed by Department of Detense personnel. Privately funded ac-
tivities, like those of the Rockheteller Foundation Virus Program, were also
important contributors to infectious disease surveillance at the international
level.

Over the past two decades. a number of these facilities have been closed
or are no longer operating with U.S. oversight. Nevertheless, although its
efforts are substantially reduced from previous levels, the United States stili
maintams an international presence in infectious disease surveillance and
rexcarch, As is the case in refated domestic etforts, however, international
infectious disease surveillance activities undertaken by U.S. government
agencies remain largely uncoordinated and in need of a strategy to focus
them in appropriate areas. such as emerging diseases.

The committee recommends that international infectious disease sur-
veillance activities of .S, government agencies be coordinated hy the
Centers for Disease Control (CDC). To provide the necessary link be-
tween LU.S. domestic and international surveillance efforts, the body
that is established for this purpose should be the same as that suggested
earlier in the recommendation on domestic surveillance. Alternatively,
a federal coordinating body (e.g., a subcommittee of the Federal Coor-
dinating Council for Science, Engineering, and Technology's [FCCSET]
Committee on Life Sciences and Health, specifically constituted to ad-
dress this issue) could be assigned the coordinating function. Implemen-
tation of surveillance activities, however, should remain with the appro-
priate federal agencies (e.g., the CDC, Department of Defense, National
Institutes of Health, U.S. Department of Agriculture).

The etforts of multilateral international organizations. such as the World
Health Organization (WHO). are critical in coordinating infectious disease
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surveillance worldwide. The WHO is a focal point for surveiliunce data on
several globally important infectious diseases; it also operates @ number of
surveillance networks around the world, composed of selected “collaborat-
ing centers,” that report and investigate outbreaks of specific diseases. such
as infltuenza and HIV disease. The WHO is often involved in carly investi-
gative efforts related to newly emerging or reemerging infectious discases
(e.g.. Ebola, Lassa, yvellow. and dengue fevers).

Curremt ULS. and international surveillance efforts are certainly of great
value in detecting known infectious and noninfectious diseases. They fall
short, however. in their ability 1o detect emerging infectious discases. There
has been no effort to develop and implement a global program of surveil-
lance for emerging discases or diseise agents.

The committee believes that an effective global surveillance network on
emerging infectious diseases is an essential element in etforts to combat
microbial threats and that it should have four basic components:

1. a mechanism for detecting (using clinical presentation as the crite-
rion) clusters of new or unusual diseases or syndromes:

2. laboratories capable of identifying and characterizing infectious agents:

3. an information system 1o analyze reportable occurrences and dissemi-
nate summary data: and

4. a response mechanism to provide feedback to reporting agencies and
individuals and. if necessary. to mobilize investigative and control efforts
of local and international agencies.

A global surveillance network should also comprise such elements as
locally staffed surveillance centers to promote regional self-reliance and
train local personnel. links to academic centers and other rcgional facilities
involved in basic research, a clinical ann tor hospital-based surveillance
and drug and vaccine trials, an effective specimen collection and transport
system, and an active system of data analysis and dissemination. with feed-
back to those providing data. Models that may ofter useful lessons for the
design of such a network include the WHO's global influenza surveillance
network and its collaborating centers for specific diseases, the Pan Ameri-
can Health Organization’s (PAHO) polio eradication program. and earlier
infectious discase initiatives, such as the WHO smallpox eradication cam-
paign and the Rockefeller virus program.

The committee recommends that the United States take the lead in pro-
moting the development and implementation of a comprehensive globai
infectious disease surveillance system. Such an effort could be under-
taken through the U.S. representatives to the World Health Assembly.
The system should capitalize on the lessons from past successes and on
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the infrastructure, momentum, and accomplishments of existing inter-
national networks, expanding and diversifying surveillance efforts to
include known diseases as well as newly recognized ones. This effort, of
necessity, will be multinational and will require regional and global
coordination, advice, and resources from participating nations.

INTERVENTION

The recognition of an emerging infectious disease is the first component
of response. but what follows that recognition may, in fact, determine the
final impact of an emerging disease on the public’s health. Effective inter-
vention against such diseases necessitates coordinated efforts by a variety
of individuals, government agencies. and private organizations. The com-
mittee believes that the current U.S. capability for responding to microbial
threats to health lacks organization and resources. The recommendations in
the subsections below address these deficiencies.

The U.S. Public Health System

In the United States, principal responsibility for protecting the public’s
health rests with the 50 state health departments, or their counterparts, and
more than 3.000 local health agencies. At the federal level, the national
focus for disease assessment is the CDC. A 1988 Institute of Medicine
(IOM) report. The Fuaure of Public Health, described the U.S. public health
system as being in a state of disarray that has produced “a hodgepodge of
fractionated interests and programs. organizational turmoil among new
agencies. and well-intended but unbalanced appropriations—without coher-
ent direction by well-qualified professionals.” It is the committee’s view
that there has been little positive change in the U.S. public health system
since the release of thai report. The recent rapid increases in the incidence
of measles and tuberculosis are evidence of these continuing problems.

Steps have now been taken to address inadequacies in programs tor these
diseases, but these responses are reactive, not proactive. It is the committee’s
belief that the prevention of infectious disecases must be stressed if the
health of this nation’s inhabitants is to be maintained or improved. Greater
efforts directed at the recognition of and responses to emerging public health
problems. particularly emerging infectious diseases. would help achieve this
goal.

The problems of the U.S. public health system are attracting the atten-
tion of policymakers. Recently. the U.S. Public Health Service published a
set of strategies for improving disease surveillance, epidemiology. and com-
munication, three key areas of weakness cited in the 1988 1OM report. A
number of these strategies are particularly relevant to the emerging disease
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issues addressed by this committee. I implemented. these suggested im-
provements will. in part. respond to recommendations made in this report,

Research and Training

Muny of the factors that are responsible for, or that contribute to. the
emergence of infectious diseases are now known. Yet our understanding of
these factors and of how they interact is incomplete. We are a long way
from being able to develop strategies to anticipate the emergence of infec-
tous discases and to prevent them from becoming significant threats 1o
health. The committee nevertheless sees this Kind of development as a de-
sirable long-term goal and concludes that research to achieve it should be
strongly encouraged.

In July 1991, the National Institute of Allergy and Infectious Diseases
(NIAID) convened a task force on microbiology and infectious diseases to
identify promising research opportunities and to recommend research strate-
gies for future NIAID programs. The committee has reviewed the January
1992 NIAID task force report, and it believes that its studies and the work
of the task force are complementary. Consequently. the commitice fully
supports the conclusions and recommendations of the NIAID task force.

The committee recommends the expansion and coordination of National
Institutes of Health-supported research on the agent. host, vector, and
environmental factors that lead to emergence of infectious diseases. Such
research should include studies on the agents and their biology. pathogen-
esis, and evolution: vectors and their control; vaccines; and antimicrobial
drugs. One approach might be to issue a request for pronosals (RFP) to
address specific factors related to infectious disease emergence,

Several programs support rescarch and training related to the epidemiol-
ogy. prevention. and control of infectious discases. Whether they involve
U.S. or foreign scientists, have a broad or narrow focus. all of these pro-
grams contribute to the international capability to recognize and respond to
emerging infectious diseases. The Rockefeller Foundation's International
Clinical Epidemiology Network trains junior medical school faculty from
developing countrics in the discipline of epidemiology. After their training.
these individuals return to their home countries, where they become part of
a medical school-based training unit that helps evaluate the availability.
effectiveness. and efficacy of health care.

Recently. the NIAID consolidated the International Cotlaboration in In-
fectious Discase Rescarch (which allows U.S. scientists to develop overscas
work experience) and the Tropical Disease Rescarch Units (which focus on
six diseases cited by the WHO as major health problems in the tropics)
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programs, as well as several other eftort: innternational health undor one
new nitiative, the International Centers for Tropical Discase Research.

The CDC currently supports research and training in the area of infece-
tious diseases through ity National Center for Tnfectious Diseases. Earlier
efforts by the agency. however, may have valuable components that deserve
revisiting. For example. trom the mid-1960s to the carly 19708, the CDC
administered an extramural program that awarded grants to academic and
other institutions for research in infectious discase prevention and control,
The committee has concluded that this now defunct progran. Jilled a need
for support in a critical area of rescarch.

The committee recommends increased research on surveillance meth-
ods and applied control strategies: on the costs and benefits of preven-
tion, control, and treatment of infectious disease; and on the develop-
ment and evaluation of diagnostic tests for infectious diseases. Reinstating
and expanding (both in size and scope) the extramural grant program
at the Centers for Disease Control, which ceased in 1973, would be one
important step in this direction. Similarly, the Food and Drug
Administration’s (FDA) extramural grant program should ue expanded
to place greater emphasis on the development of improved laboratory
tests for detecting emerging pathogens in food.

An adequate supply of well-trained. experienced epidemiologists is criti-
cal to the nation’s surveillance efforts. CDC's Epidemic Intellizence Ser-
vice (EIS) provides health professionals with two vears of training and field
experience in public health epidemiology. The EIS ix the model as well for
another evolving program. the joint CDC/WHQ Ficld Eptdemiology Train-
g Program (FETP). which places h2d-oriented epidemiologists in coun-
tries that need to develop and implement disease prevention and control
programs. Current and former EIS officers and FETP graduates are impor-
tant sources of information on emerging diseases and constitute a personnel
nucleus for a global surveillance network. The distribution of these epide-
miologists, however. is restricted because of the limited number of program
graduates cach year.

The committee recommends the domestic and global expansion of the
Center for Disease Control's (CDC) Epidemic Intelligence Service pro-
gram and continued support for CDC's role in the Field Epidemiology
Training Program.

The seven overseas medical research laboratories maintained by the U.S,
Department of Detfense are the most broadly based international facifities of
their Kind supported by the United States. In addition to being well situated
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to recognize and study emerging discase threats, the facilities are valuable
sites for testing new drugs and vaccines, because they are located in arcas
of the world in which the diseases of interest are endemic.

The committee recommends continued support—at a minimum, at their
current level of funding—of Departmeni of Defense overseas infectious
disease laboratories.

In the areu of training. previous studies have noted shortages of medical
entomologists. chinical specialists trained in tropical discase diagnosis, pre-
venuon, and control. biomedical rescarchers. and publi= health specialists.
The National Health S8 cice Corps scholarship program. created in 1972,
underwrites .he costs ¢ medical education in return tor medical service in
underserved areas of the United States. The commitice is unaware of any
similar program directed at individuals who wish to train for careers in
public health and related disciplines. Such a program might aitract those
who otherwise would not coasider carcers in public health.

The committee recommends that Congress consider legislation to fund
a program, modeled on the National Health Service Corps, for training
in public health and related disciplines. such as epidemiology. infec-
tious diseases, and medical entomology.

Vaccine and Drug Development

Vaccines and antimicrobial Crugs have led to significanm improvements
in puhtic health in the United States and in many other nations during the
latter halt of this century. Despite this encouraging history, the commitice
i~ concerned that many of the vaccimes and drugs avalable today are the
same ones that have been used for decades. It believes that there is a need
to review the present vaccine and drug armamentaria with a view toward
improving avaldability and “surge”™ capacity. as weil as safety and efficacy.

VACCINS

Advances in immunology. malecular biology, hiochemistry, and drug
delivery systems hase stimulated major new initiatives in vaccine develop-
ment. As a result. the genceration of vaccines that will come into use in the
next dgecade s hikely to be different from previous vacames. For example.
some will contiim more thun one highly purified antigen and will rely on
new delivery methods, For all their potential, however, vaccies should not
be viewed as magic bullets for defeating emerging wmicrobial threats to
health. The potential value of vaccination and the speed with which vac-
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cines can be developed depend on many factors, such as the existing scien-
titic knowledge of the agent (or a similar organison, its molecular biology,
rate of transmission, pathogenesis, how the human immune system responds
to natural infection. and the nature of protective immunity.

FEconomic tactors may also impede vaccine development. because it re-
quires an extensive, up-front investment in rescarch. Most vaccine manufac-
turers (and policymukers) are reluctant to make the necessary financial
commitment since few vaccines are highly profitable and strict federal safety
and efticacy requirements make the risk of failure a very real possibility.
Vaccine developers must also take into account the extra costs that may arise
from hability claims for injurtes or deaths blamed on vaccines. This concern
has forced a number of vaccine manufaciurers out of the marketplace.

Industry might be encouraged to assume a greater role in vaccine devel-
opment it it was asked to participate in & public/private sector collaboration,
simifar to NIH s National Cooperative Vaccine Development Groups, whose
focus 1s HIV discase vaccines. Another alternative might be 1o offer indus-
Iry various cconomic mceentives, such as minimum guaranteed purchases, to
conduct its own development work.

Given the various disincentives o vaceine development for more com-
mon pathogens, the development of vaccines for emerging microbes is even

more problematic. There may be potentially catastrophic consequences if

the development process is feft entirely 10 free enterprise. The commitiee
thus believes that a comprehensive strategy s urgently needed. To bring
a new vaccine rapidly from the research laboratory inte general use—
a necessary criterion if one hopes to prevent or control an emerging infec-
tious discase—will require an integrated national process that

= defines the need for a vaccine, its technical reguirements. target popu-
lations. and delivery systems:

» cnsures the purchase and use of the developed product through pur-
chane puarantees and targeted immunization programs,

« rehies as much as possible on the capability of private industry to
manage the vaccine development process, through the use of contracted
production, if necessary:

« utilizes the capacity of the NIAID o manage and support basic. ap-
phed. climeal. and tield research. and of the CDC and academia to conduct
ficld cvaluations and develop implementation programs:

+ s centrally coordinated to take maximum advantage of the capabilities
of tne public and private sectors: and

« i~ prepared for the possible rapid emercence of novel disease threas,
such as occurred in the 1918-1919 influenza pandemic.

The committee recominends that the United States develop a means for
generating stockpiles of selected vaccines and a “surge™ capacity for vac-
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cine development and production that could be mobilized to respond guichly
to future infectious disease emergencies. Securing this capability would
require desclopment of an integrated national process. as desceribed
above. The committee offers two options for implementation ol this
recommendation:

1. Develop an integrated management structure within the federal
gorvernment and provide purchase guarantees, analogous to farm com-
madity foans, 1o vaccine manufacturers that are willing to devetop the
aeeded capacity,

2. Build government-supported rescarch and development and pro-
duction facilitivs, analogous to the National Cancer Institute’s program
for cancer therapeutios and the federal space, enerpgy. and defense baba-
ratories. The assigned mission of these new facilities would be vaccine
development for tuture infectious disease contingencies,

ANTCR G e o

Phe wsctulness of aintinicrobral drags can be ensared onfy it they e
used caretuthv and responsiblve ad ot new antimucrobials are contmuadiy
beine developed The devetopment of drug rosistance by nicroomzanisin..
as wellas the cmereense of new oreamesms, wall sequire replacement drogs
e be an the “popehme™ cven while exishing druges are <tdl cttective. The
ostublistiment ot pubhic provate sector alliances, atong the fines of the N
tonai Conperatnne Drae Development Groups ot the NHHL may be desirable
to ensane the conbnued development of cttective antmmerobiad droges.

The committee recommends that clinicians, the rescarch and develop-
ment community, and the US, government (Centers for Disease Con-
trol. Food and Drug Administration, U.S. Department of Agriculture.
and Departiment of Detenser introduce measures to ensure the asailabil-
ity and uselulness of antimicrobials and to prevent the emergence of
resistance. Phese measures should include the education of health care
personnel, seterinarians, and users in the agricultural sector regarding
the importance of rational use of antimicrobials tto preclude their un-
warranted user, a peer review process to monitor the use of antimicro-
hials, and surscillance of newly resistant organisms. Where required.
there should be a commitment to publicly financed rapid development
and expedited approval of new antimicrobials,

Vectar Controd

Fhe Unred States and other deseloped countiies hase been able o free

themselves to cremarkable degree trom the burden of vector borne discases
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by using wvaricty of methods of vector control. These methods mclade the
spraving of chemical pesticides, appheation ot biological control agents,
destruction or treatment of Larval deselopment sitesand personal protection
meastres. such as applying repetients or sfeepig under bednets.

For a disease agent that is known or suspected to be trunsmistted by an
arthropod vector. efforts to control the vector can be vitad tor containing or
halting an outbreak. This is true even for those vector-borie discases, such
as sellow fever or malaria, for which there v or may eventually be an
cffective vaccine. For most vector-borne infectious diseases. the onset of win-
ter dampens Rsmisston: (£ can cven, in some cases, eliminae the vector or
infectious agent. The exceptions are pathogens that can survive in humans tor
fong pertods and produce chronie infection (e.g.. malaria and nyphusy, A sud-
den drop in cases of an unidentified discase at the start ol winter may be the
first eprdemiological evidence that the discase is vector borne.

Although mamy local and regional vector-control programs can effec-
thvely combat small and even medium-~ize outbreabs of vector-borme dis-
case. they are not equipped to deal with outbreaks that are natonal in
scope. For example. regional vector-control programs cannot declare a health
emergency or bypass the many legal restrictions that now Himit the use of
certain pesticides that are potentially useful agents for control. That auinor-
iy rests with health and environmental agencies at the state and federal
levels. The fuck of a sufticient stockpile of effective pesticides, which mught
be reguited iy the event of a magor epidemic. continues to be a serious problem.

The committee recommends that the Environmental Protection Agency
develop and implement alternative, expedited procedures for the licens-
ing of pesticides for use in vector-borne infectious discase emergencies,
These procedures would include a mean:, for stockpiling designated pesticides
for such use.

A growing problem in vector control iy the dimimishing supply of effec-
tive pesticides. Federal and state regulations increasingly restrict the use
and supply of such chemicals, largely as a result of concerns over human
health or environmental safety. In addition, the 1972 Federal Insecticide,
Fungicide. und Rodenticide Act (FIFRA: Public Law No. 92-516) reqguires
that all pesticides used in the United States be re-registered by 1997, a
procedure that requires manufacturers to submit additional safety data. Some
pesticide manufacturers have chosen not to re-register their products be-
cause of the expense of gathering necessary satety data. Partly as a result,
many cffective pesticides developed over the past 40 years are no longer
avatlable in the United States.

The Environmental Protection Agency (EPA) further restricts the use of
pesticides through the Endangered Species Protection Plan, which prohibits
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the application of a wide range of pesticidal chemicals within the habitat of
any endangered species. EPA has developed an emergency exemption pro-
cedure to altow pesticide use in restricted areas when the possibility of an
outbreak of a vector-borne disease is great. This procedure, however, is
extremiely cumbersome and time-consuming. and the committee believes
that it is essentially useless if tollowed as prescribed. since emergency
approval of a pesticide is likely to come after the critical period during
which tts use could avert an outbreak.

As with vaccines, there is little economic incentive for firms o develop
new pesticides for public health use, primarily because such use is a very
small fraction of the total pesticide market. Pesticide development is now
driven mainly by the demands of agriculture. Moreover, as pesticide devel-
opment has become more specialized. there are fewer compounds available
that have both agricultural and public health uses. The commitiee feels
strongly that pesticide development for public health applications needs to
be given some priority.

The committee recommends that additional priority and funding be
afforded efforts to develop pesticides (and effective modes of applica-
tion) and other measures for public health use in suppressing vector-
borne infectious diseases.

Public Education and Behavioral Change

Public policy discussions and scientitic efforts sometimes focus on vac-
cine and drug development to the exclusion of education and behavioral
change as means for preventing and controlling outbreaks of infectious dis-
ease. This is unfortunate. because it 1s often only by changing patterns of
human actuvity—{from travel, personal hygiene. and tood handling 10 sexual
behavior and drug abuse—that the spread ot disease can be hatted.

Even when scientists and public health otficials rely on and encourage
education and behavioral change to prevent or limit the spread of intectious
disease. the public may not be convinced of its necessity. Although scien-
tists may sce emerging microbes as a very real threat to public health, the
average citizen may be unaware of the potential danger or may consider
those dangers to be less important than other health risks, like heart disease
and cancer. In such instances, a caretully conceived media campaign may
have a beneficial effect on behavior that affects discase transmission,

The committee recommends that the National Institutes of Health give
increased priority to research on personal and community health prac-
tices relevant to disease transmission. Attention should also be focused
on developing more effective ways to use education to enhance the health-
promoting behavior of diverse target groups.
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fuis the committee’™s hope that this report will be an important fiest step
in highhighting the growing problem of emerging microbial threats to health
and focus attention on wavs i which the United States and the global
community can attempt to address such threats. now and in the future. The
committee strongly believes that the best way o prepare tor the future is by
developing and implementing preventive strategies that can meet the chal-
lenges offered by emerging and reemerging microbes. [t s infinitely less
costly, in every dimension, to attack an emerging disease at an carly stage—
and thus prevent its spread-—than to rely on treatment to control the discuase.

In some instances, the measures that this report proposes will require
additional Tunds. The committee recognizes and has wrestled with the dis-
comforts that such recommendations can bring—for example. the awareness
that there are other compelling needs that also jJustify (and require) in-
creased expenditures. But policymakers and the public alike must realize
and understand the potential magnitude of future epidemics in terms of
human lives and monetary costs. The 1957 and 1968 influenza pandemics
killed 90.000 people in the United States alone. The direct cost of medical
care was estimated to be $3.4 billion (more than three times the NIAID
budget for fiscal year 1992) and the total cconomic burden to be 5268
billion"—almost three times the total NIH budget for fisc:l year 1992, A
more current example offers a similar lesson. The rocent resurgence of TB
(from 22.201 in 198S to 26.283 cuses in 1991, or 10,4 per 100.000 popula-
tion). after a steady decline over the past several decades, will be costly.
Every dollar spent on TB preveation and control in th= United States pro-
duces an estimated $3 to 54 in savings: these savings increase dramatically
when the cost of «reating multidrug-resistant tuberculosis is factored .
We also have a recent example of what results when early prevention and
control etforts are lacking. The costs of AIDS/HIV-disease-—in human lives
as well as dollars—have been staggering. and the end is not yet in sight,
The objective in the future should be earlier detection of such emerging
discases. coupled with a timely effort to inform the population about how
to lower their risk of becoming infected.

Obviously, even with unlimited tfunds, no guarantees can be offered that
an emerging microbe will not spread disease and cause devastation. Instead.
this committee cautiously advocates increased funding and proposes some
more effective ways for organizations—both domestic and international,
public and private—as well as individuals—both health professionals and
the lay public—10 work together and, in some cases. combine their re-
sources. These efforts will help 1o ensure that we will be better prepared to
respond to emerging infectious disease threats of the future.

“Figures are in 1992 dollars,



Background

Infectious discase epidemics and pandemics have occurred throughout
human history. Progress in medical science has made us less valnerable to
their devastation now than at any point in the past. Nevertheless, the nation’s
current expericnee with the human immunodeticiency virus (HIV) and ac-
quired immunodeficiency syndrome (AIDS) is a sobering reminder that se-
rious microhial threats to health remain and that we are not always well
equipped to respond to them.

As we approach the twenty-first century. it must be remembered that
large segments of the world’s population still struggle against bacterial,
viral, protozoal. helminthic. and fungal invaders. Before addressing the
current situation, two past experiences are worth highlighting: the plague
pandemic of the mid-1300s and the influenza pandemic of the carly 1900,
Both demonstrate the potential danger of uncontrolled infectious discase.

PLAGUE

Plague, caused by the bacterium Yersinia pestis, has ancient roots. In
the HHiad, for exampie. Homer makes reference to a plague-like illness prev-
alent during the Trojan War (1190 B.C.) that he noted was associated with
the movement of rats mto populated arcas (Marks and Beatty, 1976). We
know now that plague bacteria are transmitted to humans by fleas whose
primury hosts are todents. Rats. ground squirrels, rabbits. and. occasionally,
even house cats can harbor infected fleas. The last great epidemic of plague
occurred carly in this century in India (causing more than 16 million
deaths) (Mandcll et al.. 1990).
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Bubonic plague. the most common form of the disease, is acguired di-
rectly from the bite of an infected fica. Other. fess common forms of plague
include pnecumonic, which can develop from the bubonic form and is spread
directly from person o person by the respiratory route: septicemic: and
meningeal. or plague meningitis. Bubonic plague derives its name from the
characteristic swollen Iymph nodes (called buboesy i the groin, axilial and
neck arcas. Untreated bubonic plague is Tatal in hali of al casest untreated
preumonic plague s invariably fatal.

Plague is probably best known because of its role in the Black Death {so
called because of the gangrenous extremities often scen in those with ad-
vanced discase), a devastating pandemic that swept through much of Asia
and Europe during the Middle Ages. Some 20 mithon people. representing
20010 25 peicend of Wostern Curope s weial popalace, are thought o have
died during a four-year period (McEvedy. 19883, In large European cities
during the peak of the epidemic. people died in such great numbers that few
were left to bury the dead. An accurate count of plague vicnms-——especially
the poor. who lived in the most crowded conditions—was impossible.

The Black Death arrived in Europe from central Asia an 1336, probably
by the "Silk Road.” a trading route from Asta to Europe. 1t reached Taly by
ship from Catfa (McEvedy. 1988). Like many pandemics. its spread was
made possible by the devices of transportation. Medical historians believe
that the plague bacillus was endemic in the marmot population of Central
Asia. 1t is likely that Mongol invaders who Kitled marmots for their fur
inadvertently extended the range of the Y. pestis-infected rodents and tieir
fleas. The Mongols often rode tong distances in a single day and may
thereby have transported an occasional infected rat or some tleas as they
moved atong the trade routes toward Europe (McNeill, 1976).

In the late 1890s, bubonic plague appears to have been introduced into
San Francisco by infected rats traveling aboard an Asian merchant ship. In
1900. a small outbreak of the disease developed in the Chinese population
of San Francisco. That same year, ground squirrels were found to be in-
tected: soon the plague bacillus had infected most of the area’s burrowing
rodents (McNeill. 1976). Plague infection is now enzootic in much of the
rodent population in the western United States, Mexico. and Canada.

Thanhks to modern sanitation and the availability of antibiotics and pesti-
cides. another occurrence of the Black Death seems unlikely. Sull. an out-
break is not out of the question, particularly in regions. including the west-
ern United States and parts of South America, Africa, and Asia. where wild
rodent populations are persistently infected with the plague bacilius. Iso-
lated cases of plague are reported to this day in various parts of the world,
including the United States. Crowding and poor sanitation, if they occur n
or near areas where rodent plague is enzootic, coutd provide conditions tor
the reemergence of this once devastating bacterial illness. Current legal
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restrictions on the use of most pesticides in recreational and wildlite arcas
limit our ability 10 control plague in the event of an eprzootic.

INFLUENZA

Influenza. like plague. has caused ilfness and death among humans tor
hundreds of vears. Given this history, it is somewhat disconcerting that
today many people consider this vival disease an unpleasant but basically
harmless illness. A diagnosis of mfluenza nowadays often generates hittle
more than sympathy from one’s friends and family. yvet one need look no
turther than the carly 1900s 1o realize the seriousness of the threat that can
be posed by this pathogen.

Although mtluenza pandemics have varied o the severity ot their im-
pact. all have caused widespread discase and death. This was especially true
of the 191% intluenza A pandemic. which claimed more than 20 million
lives worldwide in less than a year and ranks among the worst disasters in
human history. In the United States alone, it s estimated that one in four
people became il during the pandemic and that 500,000 died. Mortality
trom influcnzia and pncumonia was estimated as 4.8 per FOOO cases n
1918, three times that of immediately preceding vears.

The symptoms of infection with influenza virus are familiar o nearly
evervone: fever. chills, headache. muscular aches, and cough. Although
most prople recover fully within a week. even during pandemics, the elderly.
the very voung. and those with chronie diseases are at risk of death from
the viral infection itself or from comphcations resulting trom secondary
bacterial pneumonia, tThis Kind of pncumonia is responsible tor most intlu-
enza deaths in persons over the age of 60)

The ongin of the 1918 intluenza pandemic remains in doubt, but 1t may
have begun with a mild but sizable outbreak ot iliness in the United States
early in that vear. concurrent with the final stages of World War 1. The
outhreak was contined primarily to mihitary camps and crowded workplaces
and was distinctive. in retrospect. because of the large number of young
adults who died of the discase. Overatl, however. the initial mortality rate
was Jow, and in many places the outbreak passed without comment. In-
decd. what turned out to be the first wave of the pandemic was recognized
ondy atter the second wuve had passed.

The first wave swept across North America in March and Aprif and then
subsided almost as rapidiy as it had appeared: the infection moved on (o
Europe. where it first reached epidemic levels in France o Apnib 1918,
Over the followig several months. influenza spread throughout the whole
of Europe. European-based fighting torces tound themsetves losing the ser-
vice of signiticant numbers ot troops to what became popularly known
(exeept in Spain) as the Spanish flu. owing to its high incidence in Span.




BACKGROUND 19

Although only 2 to 3 percent of those who fell ill died. the unusuatly high
fatality rate among previousty healthy young adults meant the loss of a
disproportionate number of society’s most productive members, This firs
wave spread rapidiy. encircling the globe in fess than five months,

The disease resurfaced ina more virulent torm in the United States in
August of 1918, causing large numbers of deaths in many U.S. cities as it
spread from the Eust Coast 1o Caltfornia, Health authorities reacted by
requiring citizens to wear mashs in public places and by taking other steps
that were presumed to prevent the spread of discase. Many of these efforts
were not put in place. however, until the worst of the epidemic had passed.

A third wave. in the spring of {919, completed whai is usually described
as the Great Pandenic, although substanual influenza mortality in 1920
might have been the result of the same outbreak (Kitbourne, 1987). The
1918 influenza pandemic affected such a large number of people over such
a wide geographic arca that it has been the focus of a number of swdies
(Hochling, 1961: Crosby, 1876: Osborn, 1977; Neustadt and Fineberg, 1978;
Kilbourne. 1987).

Although the 1918 pandemic ranks as one of the single most devastating
outbreaks of infectious disease in human history. the technrology of the time
did not permit the virus to be isolated. Thus, no sample of the causative
influenza strain is avatlable for study. which means that the virus™s remark-
able virulence and transmissibility have not been investigated using the
tools of modern molecular virology. Serofogical cvidence suggests. how-
cver. that a virus antigenically similar to the 1918 influenza virus persists (0
this day in swine.

Since the 1918 pandemic. there have been two major global outbreaks of
influenza A in the twentieth century—in 1937 and 1968, Significant but
less serious pandemics occurred in 1947 and 1977. A potentially serious
outbreak appeared imminent in 1976 but, for reasons that are still not clear,
never matertalized. Some see this 1976 episode as evidence of a tailure to
judge correctly the threat posed by a human pathogen. Others say that the
experience simply points out how difficult it is to predict accuratety the
course of what could have been a devastating epidemic.

It 1s impossible 10 know when the next influenza pandemic will strike.,
Dangerous new pandemic intluenza viruses are most fikely 1o be the result
of genetic reassortment of two ditferent, existing ifluenza viruses. Fortu-
nately. “successtul™ reassortments are rare. Even so. the danger of such
recombinations is always present. and many scientists believe it is simply a
matter of time before one occurs again, The lethal 1983 epidemic of avian
influenza in chickens (caused by a pomnrt mutation in the H3N2 subtype) is a
stark reminder that small changes in the viral genome can produce patho-
gens of exceptional virulence and transmissibility (Kawaoka and Webster.,
19RK).
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OPTIMISM AND INDIFFERENCE

As will be made clear throughout this report, the number and variety of
microbial threats to human health are daunting. Just as clear. however, is
the fact that tremendous strides have been and continue to be made in the
battle against infectious discases. In particular. advances in medical science
and public health practices have vastly improved our understanding ot and
ability to control many of these illnesses.

Penicilling discovered in 1929 and eventually produced in a usable form
during World Wuar . was the first of a multitude of new antibiotics that
have saved the lives of many who otherwise would have succumbed to
bacterial infections. Similarly, the development and mass production of ef-
fective vaccines against such diseases as measles, pertussis, diphtheria. and
polio have prevented large segments of the population from contracting
these and other very senous diseases. More recently. advances in biotech-
nology. in particular, genetic engineering. have made 1t possible to produce
drugs. vaccines, and other therapeutic agents with increased specificity.

Also important in the battle against infectious disease have been inter-
ventions against arthropod vectors of disease agents. Pesticides have played
a critical role in suppressing arthropod-borne diseases in the United States
and abroad. Unfortunately. excessive agricultural use of some pesticides has
resulted in the destruction of nonpest insects and, in some cases. in food
and water contamination. Pubfic health use of these chemicals can also
cause resistance in the very insects they are intended to kill. In the United
States. these environmental and public health concerns led to a {972 ban on
the agricultural use of DDT. a broadly effective and inexpensive means of
controlling many insect pests, Ten years later. U.S. production of the chemical
ceased altogether. and there was a dramatic worldwide drop in its use.
Increasingly. insect resistance and legal restrictions on pesticide use are
hindering efforts to control discase-carrying vectors with the repertoire of
potentially available chemicals.,

One of the most effective ways of preventing epidemics of arthropod-
borne diseases has been to eliminate the sites in which the vectors breed
and develop. This approach was attempted inadvertently as long ago as the
sixth century B.C.. when the Grecks and Romans undertook major engi-
neering projects to drain marshy swamps in an effort to control outbreaks of
fever. which it is now believed were due to malaria. General William C.
Gorgas. a U.S. Army physician and engineer, effectively controlied malaria
and vcllow fever during construction of the Panama Canal (1904-1914)
through a combination of drainage and larviciding (Gorgas and Hendrick,
1924). Another example is the eradication of Aedes wegypti from extensive
arcas of the Western Hemisphere by intensive control of the domestic water
sources of this vector. Unfortunately. when such programs were ended.




BACKGROUND 21

either for cconomic reasons or because limitations had been put on the use
of pesticides. vector populations grew to pre-cradication levels (Soper et
al.. 1943).

Historically, advances in U.S. public health have come as a result of one or
more major health erises—usually n the torm of an epidemic or the fear of
one. In the nineteenth century, for example, state and local authorities were
willing to spend relatively large sums on sanitary and quarantine measures
during cpidemics. but once the danger was past, funds were eliminated and the
health regulations felt into neglect. Fortunately. that pattern has changed some-
what: n its place. we have established and now maintain a system of health
regulations and sanitary measures that generally protect the health of the
LS, poputation. Over time. however. systems deteriorate, and enptorcement of
regufations may become more lax. Tt is essential, therefore. that we continue
vigorous etforts to prevent the introduction of infectious agents.

Sanitation and Hygiene

The practices of public sanitation and personal hygiene have dramatically
reduced the incidence of certain infectious diseases. In the United States.
the mistaken notion that exposed refuse was somehow responsible for
outbreaks of yellow fever led to early efforts at sanitary control. In 1796,
for example. the New York Medical Society declared that local conditions.
especially the “intolerable stench™ around the city’s docks and the filth
around slaughterhouses, were primarily responsible tor outbreaks of epi-
demic fever. including yellow tever (Dufty. 1990). Laws were passed to
establish a permanent health office to enforce quarantine regulations and to
authorize the cleanup of city streets.

Clean water supplies and their protection from human and other wastes
are now fundamental public health principles. Where good sanitary prac-
tices are followed. many diseases that once were epidemic, including chol-
cra. are successfully controlled. The same may be said for personal hygiene.
Hand washing is an effective method of preventing the spread of many
mtectious agents. including cold and enteric viruses. Similarty, safe tood-
handling practices. including proper storage. cleaning. and preparation, have
resulted in fewer cases of bacterial tood poisonings. among other benefits.
The pusteurization of milk. which was instituted to prevent the transmission
of bovine tuberculosis to humans, has been equally effective against other
diseases such as brucellosis and salmongliosis.

Quarantine

The use of quarantine. another approach to controlling infectious dis-
cases, dates back at least to the Middle Ages. The name itself derives from
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efforts in the mid-1400s by the Republic of Ragusa to prevent the spread of
bubonic plague (McNeill, 1976). The republic, on the eastern shore of the
Adriatic, required incoming ships to set anchor at sites away from the har-
bor. The ships™ occupants were then required to spend 30 days (“trentina,”
futer extended to 40 days, or "quarantina™) in the open air and suntight, a
practice thought to preclude the spread of plague.

The carliest quarantine requirements in America were established in 1647
by the Massachusetts Bay Colony. specifically for ships arriving from Bar-
bados. Other colonial settlements followed suit. with the goal of preventing
the spread of yellow fever and smallpox (Williams. 19531). Quarantine proved
to be an appropriate teol for controlling smallpox. an infectious viral dis-
ease spread easily from person 10 person, but the practice was ineffective in
combating the spread of yellow fever. a mosquito-borne viral disease. In
1799, Congress granted authority for maritime quarantine to the secretary of
the treasury and directed that state health laws (including guarantine of
ships) be observed by customs officers.

In 1876. as a result of the failure of the Treasury Department to exercise
its quarantine authority. U.S. Surgeon General John M. Woodworth pro-
posed a national quarantine system. The proposal called for inspecting all
incoming ships. conducting medical examinations of passengers and crews.
and detaining under quarantine those thought to be infected. (The length of
the quarantine was to be based on the incubation period of the specific
discase in gaestion.) These regulations were to be enforced by the Marine
Hospital Service. the forerunner of the present U.S. Public Health Service
(PHS).

Historically. there is no question that. as a public health measure. quar-
antine was relied upon more heavily than its practical value warranted.
Detainment and isolation were extreme inconveniences to those affected:
there was a stigma attached to being quarantined: the detection. restraint.
and isolation of suspected cases of diseases that required quarantine were
costly: and. because of the stigma. people failed to report their disease.
Consequently, although quarantine was useful in controlling isolated out-
breaks of human disecase. and is still of value in combating epidemics of
animal disease (if the animals thought to be infected are subsequently Killed).
for the most part quarantine policies did more harm than good.

Following World War I1. the belief that the practice was of little use to
modern disease control efforts began to gather support. A 1966 PHS advi-
sory committee stated that it is no longer possible to have confidence in
the idea of building a fence around this country against communicable dis-
cases. as is the traditional quarantine concept. The increasing volume and
speed of international travel make this unrealistic™ (Advisory Committee on
Forcign Quarantine. 1966).

Following a reorganization of the PHS in 1967. the responsibility for
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quarantine was shifted to the Centers for Discase Control (CDC). For several
vears tollowing that shift, CDC’s Foreign Quarantine Diviston (currently the
Division of Quarantine) operated 35 domestic quarantine stations and had a
sizable presence abroad. Since then. this number has been greatly reduced.
in line with modern epidemiological concepts and technologies. Last year,
7 domestic stations remained open, and in carly 1992 the San Juan. Puerto
Rico. station was reopened with a staft of one (C. McCance. Director,
Division of Quarantine. Centers for Disease Control. personal communica-
tion, 1992).

Currently, the United States does aot require immunizations for entry
within its borders. The master of a ship or commander of an atrcraft, how-
ever, must radio immediately to the quarantine station at or nearest the port
of arrival to report any death or illness among passengers or crew. This
procedure allows for tie arriving carrier to be handled in a controlled man-
ner. To supplement the few remaining gquarantine stations, U.S. Immigra-
tion and Natwuralization Service and U.S. Customs Service inspectors have
been trained to inspect all passengers and crew tor signs and symptoms of
communicable diseases at ports to which CDC staft have been assigned.
Persons who are suspected of being il are referred to them: if the port has
no such personnel, CDC staff at the nearest quarantine station are called.
The agency has contract physicians at all ports of entry for medical backup.
Certain animals, shipments of etiologic agents, and vectors of human dis-
cases are required to have import permits, and their mode of shipment must
conform to requirements.

Prior to 1983, CDC listed 26 diseases that invoked its authority to de-
tain. isolate. or provisionaily release persons at U.S. ports of entry. Today.
only 7 such discases are listed: yellow fever. cholera. diphtheria. infectious
tuberculosis, plague. suspected smallpox, and viral hemorrhagic fevers. Over
the past decade. this authority has been used only three times (C. McCance.
Director. Division of Quarantine. Centers for Disease Control, personal com-
munication, 1992).

Smallpox

The most heartening evidence of humankind's ability to triumph over
infectious diseases is the cradication of smallpox. A systemic viral disease
characterized by tever and the appearance of skin lesions, smallpox 1s be-
licved by some to have been responsible for the death of more people than
any other acute infecnious disease. It has also been one of the most feared
of all contagious discases.

Like plague. smallpox was an ancient atfliction. There is good reason to
think that the Egyptian pharaoh Ramses V died of the discase in the mid-
twelfth century B.C. (Fenner et al., 1988: Behbehani, 1991). A disease
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considered to be smallpox was mentioned in Chinese writings dating 1o the
third century A.D. (Fenner et al., 1988).

Smallpox probably originated in cither Egypt or India and over the ensu-
ing centuries became endemic in both countries. The disease spread. even-
tually becoming pandemic, as explorers, soldiers, and others infected by the
smallpox virus traveled to ali parts of the globe. Smallpox was introduced
into Mexico by the Spanish army in 1520, killing 3.5 million Aztee Indians
(more than halt the population) during the briet span of two years, By the
1ate 1500s. the discose had also decimater? the populations of South America.
In Europe alone. during the seventeenth and eighteenth centuries. smallpox
kitled about 400000 persons every year (Fenner ¢t al., {988; Behbehani,
1991). Ax late as the 1950s, ther: were some 50 mitlion cases of smailpox
worldwide each year. By 1967, the year that saw the start of the worldwide
smallpox eradication program. between 10 and 15 million cases were re-
ported annually (Fenner et al.. 1988).

North America was not spared. The disease was introduced inte Massa-
chusetts by European setticrs in 1017 and spread rapidly. Between 1636
and 169K, six major epidemics 23 Boston had caused i substantial number
of deaths, Native Americans. like indigenous populations in other parts of
the world. had never been exposed to the smalipox virus and were particu-
larly hard hit: between one-halt and two-thirds of the Plains Indians had
died of smalipox by the time of the Louisiana Purchase. The practice of
quarantine, instituted for the first time in the American colonies in a mis-
guided etfort to preveat the spread of yellow fever. was used with some
success in the seventeenth century in the battle against «mallpox. Never-
theless. epidemic, during the eighteenth century sometimes affected as
much as a third of the populatior. By 1785, smallpox had spread west to
California and north to Alaska (Fenner et al.. 1988).

The observation. perhaps as early as the tenth century in China, that
uninfected people could be protected against smalipox infection by a pro-
cess termed Tvariolation™ offered the first hope that the disease could be
controlled. In vuriolation, material from the pustule of an individual with
smallpox was scratched into the skin of an uninfected person. In most
instances. this procedure produced a self-limiting disease and. importantly,
an immune reaction that protected those who had been variolated from
future smallpox infection. Occasionally. people who were variolated would
develop severe ¢ and dic: furthermore., they could transmit the disease
to others. Overwl, however. variolation was blamed for only about a tenth
as many deaths as were caused by naturally acquired smallpox. Variolation
was introduced into the Arerican colonies by Cotton Mather and was used
extensively during the Revolutionary War,

Edward Jenner. an English physician, was aware that persons whe worked
with cows developed cowpox (a mild disease) but did not get smallpox. In
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1796, Jenner inoculated @ boy with cowpox Ivimph taken from a sore on a
milkmaid. The child developed a mild local reaction. Six weeks later. he
inoculated the boy with pus from a patient with smallpox. It produced no
significant reaction: the boy was immune 1o the dreaded disease. Jenner
used cowpox to immunize others against smallpox. a procedure called vac-
cination, which later became the means to prevent and subsequently cradi-
cate the disease.

By the mid-1800s. Jenner's method of vaccinating against smallpox was
being used in most parts of the world. The resulting sready decline in
smallpoy incidence was significant. In 1920, in the United State ., more than
110000 cases of smallpox were reported. By 1940, because of vaccination.
tewer than 3.000 cases were reported. The last case of smallpox in the
Umted States occurred 1 1949 (Fenner ot al., 1988).

Epidemic outbreaks of smallpox continued elsewhere, however. espe-
cially in countries lacking adequate health nftastructure and the economic
meuns to support an immunization program. In 1967, a vcar in which there
were some 2 milhion deaths woridwide from the disease (Fenner et al.,
198%). the World Health Organization {WHO) initiated a global program to
eradicate smallpox. The program combined widespread immunization in
epideinte areas and extensive case-finding (surveillance and containment of
disease outbreaks). During the program’s [0-year life. much was learned
about the importance of quality control in vaccine production and the need
for flexibility in implementing a large-scale disease-control effort. Disease
surveillance was Key to the triumph over smallpox and is discussed more
fully later in this report. The last natwrally acquired case of smallpox was
reported in Ethiopia in 1977,

Poliomyelitis

Currently. the Pan American Hcalth Organization (PAHQ), the WHO
regional office for the Americas, is leading an etfert 1o eradicate pohiomy-
clitis (polio) from the Western Hemisphere. Begun in 1905, the PAHO
polio eradication and surveillance program had three goals: achieving and
maintaining high levels of vaccine coverage: intensilying surveillance to
detect all new casest and aggressively controlling outbreaks of disease.
More than 20,000 health facilities are currently included in the program:
RO percent of them report weekly to a central factlity.

By the end of 1991, it was evident that the program was succeeding. In
that year. wild poliovirus was isolated from only eight persons in the Americas,
whereas in Y86, there were more than 900 contirmed cases. All of the
1991 isolates were from children and were wild type | poliovirus (De Quadros
ct al., 1991). Importantly. by the end of that vear, transmission of wild
poliovirus seemed localized to one country. Peru. The prodram’s ultimate
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goal ot cradicanion of polte trom the Americas thus appears o be doser and
claser o achieyvement,

Several aspects of the program have helped i to soeceed The ot
important has been active teedback o daran contnibutors, Nor ondy do par
tcipating hosportads and chimes recenve aoweckly balleun that summanizes
and .lll.l|}/k‘\ the data recened h} the contial PAHO oftice cach week tan
avtviy greatly facithtated by the network ol computers an swhich the sar
vertianee system s basedr but response teams are dispatched to ourbreak
areos tor eprdenuologic imvestiganon wathin 33 hours o an owbiceak repoit
Probably the sccond most naportant strength of the polio sunyvertfance sys
tenn s that it ludes laboratory tacthinies, statted swath tinned saoentisiss as
wellas chimcal tacihiies. These laboratories are wetl supphed and equipped
(all ot the Laboratories waory wath DNA probess several have polvmenase
cham reactoion [PCRT echnology, and are able 1o oxchiange speannens as
wellb as dana

The palio survedbance network s fmanved Lrgely by s host countnes,
with substantial contrbutions trom PAHO. the TS0 Agenoy tor Intera
tional Development «USATDY. and the Inter Amernican Desclopment Bank
(LADB © Support also comes trom Rotary Clab International aud the CHC,

TROUBLE \HEAD

Balanced aeainst this history of prozress s the reality ot g world sl
very much encaged in contronting the threats 1o health posed by a broad
array of microbes, Medical and epidennotogical uncertaintios ke e
possible to obtan an vt count o the nomber ot antectious diseases 1t
Hthict human populanions at any pomtan fune. The evidence suggests, how
cver. thut humanhimd os boset by o greater variety of mierohial pathogens
than cver betore. Some of this, of course mas be due o oor mmercased
ability o recogmize or wdentity microbes,

Focasing on the past two decades s anstructive. Durmg this perod.
screntints have adentified o host of apparentdy “new ™ mtechions diseases.
such as Evme disease, that attect more and more people every vear. Ree
searchers are also discovenng that a number of widely ocourring diseases.
whose evact canses had untd recently remained o mystery . are probahly the
result of microbial intection. Peptic aleer: a tanudiar and widespread condi
tnon, tits anto this category ta recenty deseribed bacterum. Helicnbac o
prforeo s the probable causess as does cervical cancer stronghy dassocated
with human paprllomay ires imtectionr. The potential!y infectious origims ol
other syndromes. such as atheroscelerosis, rheumatond arthrins, and chronig
tatigue ~syndrome, are bemnyg pursued.

Fhe maidence of o anmber of known infectious discases s escalating.,
mcluding come that were once constdered ander control. The reasons 1o
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the escalation vary but include the waning effectiveness of same approaches
to discase control and treatment. changes 1 the wass hunin bemngs interact
with the environment. and the fact that certamn mdisiduals have become
more susceptible to ifection. These circumstances explain the reemergence
ol among other diseases. malaria and tuberculosis.

Finally. the introduction of discase agents nto the United States trom
other parts of the world continues. HEV. whose place of origin s thought by
many o be Africa. was the most dramatic because ot ats long incubation
period. rapid spread. and mitially unknown classificabon see Chapter 2).
There are other. less well-known examples. For example. malaria has been
introduced in southern California and Florida tsce Chapier 2y and dengue
has appeared i southern Tevas, Although both discases were rapidly recog-
nized and controlled. they are continually being introduced into this country
by travelters from the tropies and thus remain constant threats.

A deadly, hemorrhagic disease of crab-cating monkey s, imported in 1990
o Reston, Virginia, received considerable media attention (see Chapter 2).
Scientists at the U.S0 Army's Rescarch Iostitute of Infectious Discases
determined that the causative agent was i virus closely related to the tatal
Ebola virus of Zaire and Sudan. ¢In Africa in 1976, 50 to Y0 percent of
those infecwed with the Ebola virus died.y The Reston virus, as it became
known, was found 10 have infected veteriarians and other individuals car-
ing for the monkeys. but Tortanately this strain did not make people ~ick.
Nevertheless, the episode iftastrates well the potential of foreign discase
agents o enter the United States.

Clearhy . despite a great deal of progress in detecting, presenting. and
treating infectious discises, we are a long way from eliminating the human
health threats posed by bacterial viruses, protozoans, helminths, and fungi.
The foltowing briet snapshots of current and potential threats to health give
a sense ot the scope and magnitude of the challenges ahead.

Lyme Disease

Eame discase is now the most commen arthropod-borne disease in the
United States, Since Y9800 when ondy o handtul of cases were reported. the
incidence of the discase in the United States has grown steadily, In 1991,
9344 cases of Lame discase were reported to the CDC (D, Dennis, Chicef,
Bacterial Zoonoses Branch, Centers for Discase Controll personal commu-
nication, 1992), There is goad reason to believe that these numbers are a
significant underestimate. Eprdemic Lyme disease is also a growing prob-
fem i Europe. In Germany alone. more than 30,000 new cases occur cach
vear (Matuschha and Spiclman, 1989 Cases have also been reported in
China. Japan. South Africa. and Australia (Jacnson. 1991),

Lyme discase. which can evolve into a debilitating illness, s accompa-
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nied by an extraordinarily wide range of symptoms. many ot which mimic
other discase syndromes, The disease was imtially named ervehema migrans
for the distinctive skin lesion that results from the bite of the spirochete-
carrying ticks. Diagnosis of the condition. especially during its carly stages,
is ditficult. Treatment relies on antibiotics, but this approach becomes less
effective as the disease progresses. The disease is caused by infection with
Borrelia burgdorferi, a spirochete. and 1t iy transmitted by certain ticks 1n
a complex cycle that also involves mice and deer.

The emergence of Lynic disease oo ditectly linked to cuanges in land use
patterns. In the eastern United States (and in Europe) during the seven-
teenth, cighteenth. and much of the nineteenth centuries, vast expanses ot
land were cleared for farming. In the United States during the 19060s, how -
ever, much of the East Coast underwent reforestation, in large part owing to
the decline of the small farm and the shift of agriculture to the Midwest.
New-growth forest now provides an ideal habitat for deer.

Reforestation was accompanied by increased residential development i
wooded. suburban arcas. The resulting proximity of people. mice, deer, and
ticks has created nearly perfect conditions tor the transmission of the Lyme
disease spirochete to human hosts. Although people are becoming aware of
the risk of contracting Lyme disease, ecological trends that tfavor the sur-
vival of reservoir and vector hosts continue. There is little reason to think
that the upward climb in incidence will level off or decline soon.

Peptic Ulcer

Few. it any. infectious disease specialists 10 years ago would have pre-
dicted an infectious etiology for gastritis, peptic ulcer. or duodenal ulcer
disease. Yet the  is now considerable evidence that a bacterium, Helicobacter
pylori. infects gastric-type epithelium in virtually all patients with these
conditions.

H. pylori was identfied initially as an unknown bacillus in biopsics of
involved areas of active chronic gastritis {Warren and Marshall, 1983). Evi-
dence that H. pylori infection is the cause, and not the consequence, of
gastritis and ulcers 1s of several types. First, acute infection with #. pylori
in humans results in chronic superficial, or type B. gastritis (Dooley et al.,
1989). Second. H. pyvlori infection 1s not associated with other types of
gastritis. which would be expected if it were merely infecting already dam-
aged epithelium (O'Connor et al.. 1984). Third. antimicrobial therapy di-
rected against /1 pylori has been shown to heal gastritis and duodenal
ulcers in infected patients at least as effectively as acid-suppressive therapy
(Glupczynski et al.. 1988: Morgan et al., 1988: Rauws et al.. 1988). Fourth,
gastritis developed following experimental ingestion of /1. pylori by human
volunteers (Morris and Nicholson, 1989). Finally, recurrence of duodenal
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ulcers has invanably followed and not preceded recurrence of Ho pyiord
infection (Logan et al.. 1990y,

Antibjotic treatment of gastritis, peptic uleer, and doodenal ulcers usso-
ciated with M. pylori currently is experimental. Results to date indicate that
combinations of antibiotics are required to suppress or eradicate the bacte-
rium.

Helicobacrer pylori may also be assocuated with an increased risk of
gastric carcinoma (Parsonnet et al., 1991: Nomuru et al.. 1991). The finding
raises the possibtlity that this cancer. one of the world’s most common,
could be mitigated by screening tor and treating /. pylori infecnon.

Malaria

Malaria. which had been eliminated or effectively suppressed in many
parts of the world. has greatly increased in incidence over the past two
decades. This parasitic disease results in some | million deaths cach vear,
mostly among children. and 1s becoming increasingly ditficult to treat and
prevent. Many previousty effective drugs no longer work against strains of
the parasite that have become resistant. Particularly distressing is resistance
to chloroguine, once the treatment of choice for the most severe form of
malaria. Equally troubling is that a growing array of once-potent pesticides
are no longer effective against mosquitoes that harbor the parasite. The use
of other, still ettective pesticides is often restricted.

Malaria occurs both in the tropics and, less frequently. in the temperate
sones of the world. The discase was a major problem for earty European
settlers of North America. As recently as the carly 19005, half a million
cases of malaria were recorded each vear in the United States.

Currently. some {200 cases of malaria are diagnosed in the United States
annually. The vast majority are individuals entering the country for the
first time or returning from foreign travel. A very small number of cases
are the result ot direet transmission involving indigenous mosguitoes. Most
of these have occurred among Mexicun agricultural workers living in Cali-
fornia in substandard conditions. The largest outhreak since 1952 involved
30 people in San Diego County in 1988, That experience and others like i,
in conjunction with the rapid rise in drug-resistant strains of the mataria
parasite. raise the possibility of even larger outbreaks in the future (see
Chapter 2).

Malaria continues to pose a serious threat to the U.S. military. There
were 500000 cases of malaria among U.S. soldiers during World War 11
{Ognibene and Barrett, 1982: D. Robinette, Senior Program Officer, Medi-
cal Follow-up Agency. Institute of Medicine. personal communication,
199 1), and more than 80,000 cases were diagnosed in American troops in
Vietnam trom 1965 to 1971 (Canfield, 1972). Troops sent to the Middle
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East during the Persian Gulf War in 1991 were at riskh of contracting ma-
laria. which is endemic in western Saudi Arabia, Yemen, Oman, northern
Iraq. and parts of the United Arab Emirates (Gasser et al., 1991, Fortu-
nately. only siv cases were diagnosed duning the conthict th. Roberts. Ento-
mology Consultant, Oftice of the Surgeon General, ULUS0 Army. personal
communication. 1992).

Dengue

Dengue atfects more people worldwide than any other arthropod-borne
discase except matarta. More than 2 billion people are at risk. and i some
Asiun cities virtwally every child has been mfected by age 120 A small but
significant percentage of those infected with dengue virus have severe dis-
case. with hemorrhagic fever and shock.

Epidemiologically. dengue hemorrhagic fever/dengue shock syndrome
(DHE/DSS) has become an increastngly important international discase.
During the tirst halt of the 19805, BOL000 cases were reported. more than
during the previous 25 years. Another 993000 cases were reported trom
1985 through 1989 (Halstead. 1990). Also troubling is the fuct that by the
carly 19908, Aedes degypti mosquitoes. the primary vector for dengue virtus
transmission to humans. had returned in large numbers to most of Central
and South America, presenting abundant opportunity for new epidemics,

In 1985, another potential dengue vector. Ae. albapicties. was found to be
established in the southern United States: it had been introduced 10 used
tires imported from Japan. This mosquito. commonly known as the Asian
tiger mosquito, has spread rapidly across the South and established itselt as
a permanent resident. Although it has not been found to carry dengue in the
United States. wt has other troubling features. Eastern equine envephalits
(EEE) virus was recently isolated trom Ace. albopictus mosquitoes collected
in and around a tire dump in Polk County, Flonda, demonstrating the abiliny
of this imported mosquito to carry o native virus (Centers tor Disease Con-
trol. 1992d). EEE virus is perpetuated in nature in a cvele that includes
primarily marsh-nesting and shore birds and the strictly bird-teeding mos-
quito Crliseta melanura. These Ae. alhopictus mosquitoes probably avquired
the virus by feeding on infected birds.

Tuberculosis

Tuberculosis (TB)Y was the leading cause of death {rom tafectious discase
in the United States and Western Europe until the first decade of this cen-
tury. and it remained the second leading cause from that time until the
advent of antimicrobial drugs in the 19505 (Rich. 1944: Waksman. 1964
Dubos and Dubos. 1987). At preseat. TB kills more people worldwide than
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iy other infections disease (Caldwelll 19870 Murray ¢t sl in pressy Bach
vear, according to the WHOL 8 million new cases of clinical TB are diag-
nosed, and 2.9 mithon people die ot the disease. In the Uinted States. until
1985, TB incidence had been in decline for more than three decades. Be-
taeen 1986 and 1991, however. 28.000 more cases were reported than were
predicted 1o occur based on past experience.

TB is a bacterial discase whose principal manifestation s destruciion of
lung tissue: it is spread primarily through the respiratory route by patients
with active palmonary disease. One oot of every 10 to 12 healthy individu-
als intected with the tuberele bacillus develops clinical disecase. The case
fatality rate of untreated TB in people with clinical discase 18 50 percent,
and their average life span is six months 1o two years.

Multiple factors are contributing 1o the rise in cases of TB, OFf myjor
inportance are increased poverty and a growing nuomber of homeless indi-
vidaaly and famitios. substance abuse, a deteriorating health care intrastruce-
ture tor treating chronic mfectious diseiases, and the HIV discase pandemic
{perhaps the most sigmificant factor at presenty. Complacency within the
medical community and among the public at large and shortuges of the
drugs used to treat TB are additional factors in the increase,

TB ix difficult 1o treat. Multidrug therapy is invariably necessary. with
the drugs administered over at feast six months o effect a chinical cure and
prevent the emergence ol drug-resistant organisms. Where health care in-
frastructure is adequate and compliance with treatment is maintained. cure
rates should exceed 90 percent. even in HIV-intected individuals who have
TB. providing resistant organisms are not present. When treatment is cither
inappropriate or inadequate. resistance to one or more of the treatment
drugs often develops. The increased finding of resistant organisms reflects @
major breakdown in the social and health care infrastructures.

When multidrug-resistant TB 1s present. case fatality rates can exceed
&0 percent in immunocompromised individuals (see Chapter 23, The pres-
cace of multidrug-resistant organisms puts not only TB-infected individuals
but also health care workers. social workers, corrections otticials, tamilies,
and contacts at risk of contracting a disease that is difficult or essentially
impossible 1o treat. Multidrug-resistant TB now represents a major threat
to health in the United States.

In the 1950s. with the advent of antituberculosis drugs. TB became one
of several newly treatable infectious diseases. The common assumption
regarding such discases has been that drugs that have been ctfective in
treating them will continue to be so. Current experience with TB is causing
many to guestion that assumption. Other organisms that have developed
resistance to frontline drugs (probably for some of the same reasons) are
also signaling the possibility of trouble ahead. Peniciilin-resistant strepto-
coccal Group A and Group C infections and penicillin-resistant pneumococ-




32 EMERGING INFECTIONS

cal infections have been documented. as have vancomvycin-resistant
staphylococcal and enterococcal infections. Without more caretul prescrip-
tion of antimicrobials by physicians and more consistent compliance with
treatment regimens by patients, pathogenic bacteria are hikely 1o undergo
mutations that will enable them to resist available antibiotic therapy.

NEXT STEPS

It is unrealistic to expect that humankind will win a complete victory
over the multitude of existing microbial diseases, or over those that will
emerge in the future. This witl be true no matter how well stocked our
armamentaria of drugs and vaccines. no matter how well planned our efforts
to prevent and control cpidemics. and no matter how advanced our basic
science and clinical understanding of intectious diseases. Microbes are
ranked among the most numerous and diverse of organisms on the planet:
pathogenic microbes can be resilient, dangerous foes. Although it is impos-
sible to predict their individual emergence in time and place. we can be
confident that new microbial diseases will emerge.

Still, there are many steps that scientists. educators, public health offi-
cials, policymakers, and others can and should be taking to improve our
odds in this ongoing struggle. With diligence and concerted action at many
levels. the threats posed by emerging infectious diseases can be. if not
ehminated. at least significantly moderated. To achieve this goal, however,
a number of fundamental problems must be addressed. These problems fall
into tour broad categories:

» Perceiving the Threats: The emergence of HIV disease has stimulated
a high level of interest in the scientific, medical. public health. and policymaking
communities. By and large. however. awareness of and concern about the
threats to human health posed by other emerging and reemerging microbial
discases rematn critically low. A small minority. mainly infectious discase
specialists, have for years warned of the potential for scrious epidemics and
our lack of preparedness for them. In what can only be called a general
mood of complacency. these warnings have gone largely unheeded.

e Detecting the Threats: Surveillance is the primary means by which the
incidence of established discases is monitored and outbreaks of new dis-
eases are detected. The domestic disease surveillance network in the United
States is being scaled back as a result of fiscal problems in many states,
raising concerns about its ability to perform a vital public health function.
Equally worrisome. the existing international surveillance networks are
focused on little more than a handful of well-defined diseases. and U.S.
involvement in this worldwide effort is diminishing. Epidemiological
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knowledge of most globally important diseases is incomplete at best: for
many there is very hittle information,

o Understanding the Threars: Despite progress in basic and applied in-
fectious disease research, gaps remain in our knowledge about most bacte-
rid. viruses, protosoans, helminths, and fungi. These scientific “blind spots™
have slowed or prevented efforts to understand the variety of factors re-
spousible tor disease emergence and reemergence. The diversion of funds
for emergencies or, in some cases, inconsistent levels of funding have made
it especially difficult 1o address the full range of rescarch opportunities and
needs.

o Responding 1o the Threars: Once emerging microbial threats are de-
tected, responses to them are often feeble, Diseases that appear not to
threaten the United States directly rarely elicit the political support neces-
sary to matatain control efforts. U.S. support for surveiliance. control, and
research activities in other countries is extremely limited. Here, as in other
nations, failure to sustain domestic efforts to control infectious discases is
an cqually serious problem. Il-informed decision .naking can prevent ac-
curate assessments of the actual danger posed by microbial threats to health,
and it can slow or even halt steps to address an emerging disease problem.
Ironically, these same forces can produce an overresponse to less serious
situations. Finally, profit and liability concerns have undercut the market
incentives for manufacturers of vaccines, drugs, and pesticides to develop
and distribute needed supplies to the most impoverished populations both in
the United States and in other countries,

History has shown and this commitiee believes that the threat trom the
emergence of infectious diseases is not one to be taken lightly. The devel-
opment of a strategy for addressing emerging infectious discase threats
requires that we understand the factors that precipitate the emergence of
these agents and the resultant diseases. These factors are examined in
Chapter 2



Factors in Emergence

Emerging infectious discases are clinically distinet conditions whose in-
cidence in humans has increased. For the purposes of this study. the com-
mittec has focused on diseases that have emerged in the United States within
the past two decades. Emergence mayv be due to the introduction of a new
agent. to the recognition of an existing disease that has gone undetected. or
to a change in the environment that provides an epidemiologic “bridge.”
(For an example of an emerging diseasce, see Box 2-1.) Emergence. or. more
specifically, reemergence, may also be used to describe the reappearance of
a known discase after a decline in incidence. Although an infectious agent
plays a role in any emerging infectious disease. other causative factors may
be important as well.

BOX 2-1 A Deadly Form of Strep

It wax a shock to many when renowned puppeteer Jim Henson died
suddenly in May 1990, How could a healthy man in his carly 505 be so
casily felled by a case of pneumonia? Since his death, attention has fo-
cused on a deadly “new™ form of streptococcal bacteria. This new bacte-
rium belongs to a category ot strep hacteria called “Group A7 a subset of
organisms familiar to many as the cause of acute pharyngitis (strep throat).
The new strep A has been Killing otherwise healthy people dike Henson),
and doing so in a frighteningly rapid fashion. This was true for o 30-year-
old Canadian man who got a splinter in his finger. which later became
infected. Within siv days be had become so il that he was admitied 1o an
intensive care unit and placed on a respirator. He died sin weeks later of
sepsis (disseminated infection) (Goldman. 1991),

34
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..
.

The new strep A bacteri Tihe all streprococcal organisms, are 1y preally
whaled, but they can afse enter the body through o cat or scrape. Fhe
infection they provoke unce inside the body s especiatly insidious: s
carlyv ssmptoms are casily mistahen for signs o the flu, Inoseveral cases.
the bacteria have overwhelmed therr host with pneumoni, and i others,
with Rdney and Tiser damage before the infected person has sought e
ment. So advanced. the imfection is extremedy ditficult to treat. Even it
massive doses of penicillin succeed in Killing the bacteria, there are no
means available to counter the etfects of the deadly toxin they produce
which actually causes the pneumonia and tissue dinmage.

Although reports of the tirst cases of fatal infection with the new surep
Aappeared in the medical literature in 1989 (Stevens ¢t al, 1989y, health
problems associated with the streptococcus family of buacteria are not new .
In the davs betore antibiotios, they were responsible for widespread out-
breaks of scarlet fever and rheumatic fever. Nor are these bacteria rre.
Strep throat is so common an ailment among children that it could almost
be considered a nite of passage.

Much about the new strep A remidns a mystery, Some scientists —nol-
g the similarity between the toxin seereted by the new strep A and the
toxin once seen with scarler fever—hetieve that this bacterivm is an old
microbe making a comeback. Others consider this highly virulent form of
strep the resalt of o recent bacterial mutation.

Whatever its origin, the new strep A deserves attention. Experts stronuly
cncourage people o seeh immediate medical care it they become very il
thigh fever, sore throaty in a sudden tashion, especially if they have re-
centhy suttered a cut or buen.

Although cases of infection with this new. deadly mucrobe remain guite
varc, their mereasing incidence in the past two vears s cause Tor concern.
A vaccine for streptococcal infections is in development. but researchers
estimate that it will not be ready tor public use for at least another three
sears, Tn the meantime. the Centers for Discase Control is working o track
the new strep A more closely. with the hope of learning more athout the
bacterium and how to stop il

Table 2-1 s a list of emerging intectious agents, categorized by type of
organism. Appendix B provides more detailed information on cach of
these agents. The committee recognizes that this list is continually ¢xpand-
ing. mainly av o resuft of the growing numbers of immunocompromised
individuals, Theretore, it may not contain all organisms that it the defini-
tion above,

Once a new pathogen has been introduced into a human population. its
abehity 1o spread becomes 2 enbical focior in emergence. The same is true for
agents that are already present ina limited or isolated human population:



36

TABLE 2-1 Part 1: Examples of Emergent Bacteria. Rickettsiae, and Chlamydiae

Agent

Acromonas species

Borredia
/llU x'(ltﬂ"/l')'l

Campylobarer
jepueni

Chlumydiu
prcumomnae
(TWAR strum

Chillamydia
trae homatis

Clostrwdivm ditficite

Elrtichiu
chaffeensis

Escherictia coli
OQI57:17

Haemuopliuti
mfluenzae bio-
LOOUP aegvpiey

Related
Diseases/Symproms

Acromonad gastro-
enteritis, cellulitis,
wound infection,
septicentia

Lyme disease: rash,
tever. neurologic and
citrdrae abnormalities,
arthritis

Campylobacter entee-
s abdominal pain,
darrhea. fever

TWAR infecnion:
tever. myalgias.
cough, sore throat.
prneumonia

Trachoma. genital
mtections, conjunctiv-
s nfevtion during
pregnancy can result i
intant pneumonia

Colins: abdominal
patn, watery diarrhea.
bloody diarrhea

Ehriichiosis: febnile
ithess tever. head-
ache. nausea,

vomiting. myalgia)

Hemorrhagee colins:
thrombocyviopenti:
hemolytic uremie
syndrome

Brazihun purpuric
tever: purulent con-
junctivitis, high fever.
vomihing, and purpura

EMERGING INFECTIONS

Mode of
Transmission

Ingestion of von-
tanmunated water or
foud: entry of
organism through
a break in the shin

Bite of infective
Iades tek

Ingestion of contami-
nated food. water,

ar milk: fecal-oral
spread from intected
person or aninal

Inhalation of infective
organisms: possibly
by direct comact
with secretions of

an infected person

Sexual imercourse

Fecal-oral transmis-
ston: contact with the
organism in the
environment

Unknown: tick i~
suspected vector

Ingestion of con-
taminated food.

esp. undercooked
beef and raw milk

Contact with dis-
charges of infected
persons: eye thies are
suspected vectors

Causers) of
Emergence

Immunosuppression:
improved technoiogy
tor detection and
ditferentiation

Increase 1o deer and
hueman populations
in wooded areas

Tucreased recogmition:
consumpiion of
uncevked poultry

Increased recognmition

Increwsed sevuat
activity: changes in
samitation

Increased recognition:
IMIUETOsUppression

Increased recognition:
possibly increase 1n
host and vector
populations

Likely due to the
development of
& new pathogen

Posstbly an increase
in virulence due
W mutaten
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TABLE 2-1 Part | Continued

Agent

Helicobacrer
pylori

Fegionella
prewmaophilu

Listeriy

MONOCNTOYeReS

Mycobacterium
tberculosis

Staphviococius
aureus

Streproconeus
pyagenes

(Group A)

Vibrio cholerae

Cibrior valniific s

Related
Diseases/Symptoms

Gastritiy, peptic
ulcer, possibly
stomach cancer

Legtonnaires” disease:
malaise, myalgia,
fever, headuche.
respiratory iliness

Listeriosis:
meningoencephalitis
andfor septicemiu

Tuberculosis: cough,
weight loxs, lung
lesions: infection can
spread to other organ
s tems

Abscesses, pneumonia.
endocarditis, toxic
shock

Scarlet fever,
rheumatic {ever.
toxic shock

Chotera: severe
diarrhea. rapid
dehydriation

Celltubitis: fatal
bacteremia: diarrheal
itlness toccasionally)

Maode of
Transmussion

Ingesnon of con-
taminated foud or
water, esp. unpasteur-
ired mith: contact
with ntected pets

Arr-cooling systems,
water supplies

Ingestion of contam-
inated foods: contact
with sotl contami-
nated with intected
uaninud feces: inhala-
tion of organism

Exposure to sputum
dropiets (exhated

through a cough or
sneese) of a person
with active discase

Contact with the or-
ganism in a puralent
lesion or on the hands

Direct contact with
infected persons or
CATTICTS: SOMCHmes
ingestion of contami-
nited foods

Ingestion ot water
contaminated with
the feces of intected
persons: ingestion
of food exposed 10
contaminated water

Contact of superticial
wounds with seawater
or with contamimnated
traw or undetcookedy
seafood: ingestion
toccasionaltly)

37

Causets) of
Emergence

Increased recogmition

Recognition i an
epidenmic situution

Probably increased
awareness. recogmtion.
and reporting

Immunosuppression

Recognmition in an
epidemic situation:
possibly mutation

Change m virulence
of the hacteria:
possibly mutation

Poor sanitation/
hygiene: possibly
introduced via bilge-
water from cargo ships

Increased recogmtion
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TABLE 2-1  Part 2: Examples of Emergent Viruses

Apent

Bovine spongiform
cucephalopatin
(BSE agent

Chikungunsa

Crimean-Congo
heworrhagte tever

Dengue

Filoviruses
tMarburg, Ebokay

Hantaviruses

Hepaotis B

Hepauns €

Hepatitis E

Human
herpesvirus 6
(HHV-6)

Related
Disedases/Symptons

Bovine spongitorm
cncephalopathy
mcons

Fever, arthyiis,

hemorrhagic fever

Hemorrhagie tever

Hemorrhage tever

Fulmimant, hmgh-
mortality hemorrhagic

fever

Abdominat pain,
vomiting, hemorrhagic

fever

Nigsei. vomiting,
Jaundice: chronic in-
tection leads to hepato-
celtular carcinoma and
cirrhosts

Nausea, vomiting.
jaundice: chronic
infection feads ta
hepatocettular cac-
vinoma and cirrhosis

Fesers abdominal pain,

aundice

Roseola i children,
syadrome resembling
mononucieosts

Mode of
Transmission

[ngestion of teed
containming intected

sheep tissue

Bite ot nfected
mosgoto

Bite of an infevted
adu't tick

Bite of an mtected
muosquito cprinrdls
Avdes aegyprn

Direc: contact with
infected blowd,
OTEUNS. SeCretions.,
and semen

Inbalarron of acro-
sehized rodent urine

and feees

Contact with saliva.
semen. hlood, or
vaginal tlaids ot an
infected person: mode
of transmission to
children not known

Exposure (pereutane-
oust to contaminated
blood or plasma;
sexil transmission

Contamumated water

Unknown; possibly
feSpratory spread

Cuusers)y of

Emergence

Changes i the

readenng process
U nkiown

Eeologioad chunges
tavoring mcreased
human exposure 1y
fichs on sheep and
sonlt wild animats

Poor mosguita control:
increased urbamzation
1 tropics: increised an
travel

Unknown: in Lurope
and che U nited States,
virts-infected monheys
sinpped tfrom develop-
Mg vonntries v air

Human invasion of
virus ecologic miche

Probably ancreased
sevial activity and
miravencous drag
abuse: franstusion
thefore 1978

Recognition through
molecular virology
applications: blood
transfusion practices
following World

Waur H (esp. in Japam

Newly recogmzed

Newly recognized
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TABLE 2-1

Agent
Human imnuno-

deficieney viruses

HIV-1

HIV

Hunan
paptllonus rus

Human pars oy ous
Ri9

Human T.oel
Ivinphot apic
virwses tHTEV L
and HTEN |H

fntlusnza

Pandenin

[RIRY]]

Fapanese

cogephalits

La Crosse and
Calttornie Group

MU S

Part 2 Continued

Related
[ineases/Sy mptoms

HIV diseaseincluding
AIDS: severe immune
syatent dystunction,
opportunistic mtections

Similar 10 abos o

Skin and mucous
membrane festons
folen, warts i
stronghy Tinked o
citneer of the cervin
and penis

Ervthienta intectiosum:
eryvthema on fave,
rash on trunk: aplastic
ancna

Leuhennas and
hmphonias

Fever. headache.
coagh. pneumonia

Same as above

Fuocephaties

Encephaditis

Maode of
Transmission

Senual vontact wath
or exposure 10 blood
or tissues of an
miccied person:

sertical transmission

Sanme as above

Direct comtact
cseaual vontacy/
vontact wath
contammated

surfacesd

Contact with respir-
atory secretions ot an
intected persow:
vertival transmission

Vertcal transmission
throueh blood/hreast
milk: exposure o
contaminated blood
products: sexadl
LEANSESS 0N

Adrborne (esp. in
cronded. enclosed
spakes)

Same as ahove

Bite ot an infectine
Musyutto

Bite ot an

MEECHve mosguito

Cuasetsi uf

Emergence

Urbamzation: changes
in sty fes/imores:
mureased intravenous
drug user internationd
ravel: medicad
technology gtrans

tustons/transplanisy

S as uabove, osp.

internavonal travel

Newly recogmzed:
perhaps changes in

seaal Tifestyle

Newly recognized

Increased mtrin enous
drug abuse: medical
technology

aransfusion)

Ayl -human
VETUS TEassortment:
antigense st

Antigenic dritt

Changing agri-
cultural practices

Increasing intertace
between human
actinvity and endemic
arcasy discarded tires
as mosguito breeding

Stes

comtinied on next page




Y

TABLE 2-1

Ageat

Tas~a

Measdes

Norw ik and
Norwaik-Tike

agenis

Rabres

Ritt Vi

Rosy River

Ruotavirus

Venesuclan ¢

encephdits

Yeltow tever

TABLE 2-

Yrovadn

Redated

PrseasessSyaptoms

Fever hewdahe,

~ore thioat, masea

bFever conpuncivatis

vough. red blowhy tash

Guintrocnivritis

cpu!cmn duarrhics

Acute varal

encephadonn el

Fobride sllness

Arthiins, tash

Ementis, Jrarthea,
vomitine. dehvdration,

and fow wrade fever

guimne  bBacephahits

Fover, headache,

RITTANN T ARTT B HTTINN

venpiing

Part 2 Continued

FMERGING INFECTIONS

Muoide ot

fransimsaon

Contact with usine
of feees ot

intected rodonts

Aibarpe, ditedt con
Lict wathh rospiratary
sectetions ot intected

persons

Aost Bikely tevad orad
J”\'_L'L'd sefncdes of
transimission nclude
dunking and swim
miny water. amnd

uncoohed toods

Bite ot o
rabad anmimal

Bic ot annfcchinge
mvrsyuito

Bate of anantecinge

mosgtfo

Poamartdy fecat-oral,
tecal-respiratory 1nans-

misson can also ocour

Bite of anntedtinve

mesguito

Bie ot anomtectine
CYedos et

Msuito

Cuuserss of

fcrvenoe

Eabanizaton
celditions tavoninyg

intestation by rodents

etenoration o
public health it
sructafe suppoetting

P 7 glion

Increased recornmiton

Intoduction ot
mtedted resenven

host 1o new areas

Importation of n
tevted mosquinoes and
ar anniabs. develop
mient tdams ariations

Movement of mtedted

mosgutoes of peaple

Increased recognimon

Maosement ot
musguitoes and ampli

fication hosts rhorsess

Fack of cttecnnve

mesginito control dd
widespreasd yacomation,
wrhAnIZanon mn iopns,

mncreased e traved

1 Part 3: Examples of Entergent Protozoans, Helmunths. and Funga

Robated

Diseases Syiuptoms

Anisghiasis abdominal

P, vomiting

Mode of

Travsmivsaen

Ingestion of Jarvac-
infected tish

rundercooked)

Causetsoat

Fmergence

Changes i dienary
habits fcating of raw

tishy
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TABLE 2-1

Agent

Bubesia

Cundida

Criptococcus

Cryptosporidium

Giardia lumblia

Microsporidia

Plusmodiunt

Pneumocystis
carini

Strongyloides
stercaralis

Tovoplasma
gesrndii

Part 3 Continued

Related
Diseases/Symptoms

Babesiosis: fever.,

tatigue, hemolbyue
anenmia

Candidiasis: tungal

mtections of the gastra-

intestinal tract, vagina,
und oral cavity

Memngitis: sometimes
infections of the fungs,
kidueys, prostate, hver
Cryptosporidiosis:
infection of epithehal
cels in the gastro-
intestinal and
respiratory tracts
Giardiasis: infection of
the upper small
intestine. diarrhea,
bloating

Gastrointestinal iflness,
diarrhea: wasting in
immunosuppressed
persons

Malaria

Acute pneumonia

Strongyloidiasis:
rash and cough tollowed
by diarrhea. wasting,

pulmonary involvement,

and death m immuno-
suppressed persons
Toxoplasmosis: fever.
lymphadenopathy.
tymphocytosys

Mode of
Transmission

Bite of an Nodes
tick qearried hy mee
i the presence

of deen

Endogenous tlora
contact with secretions
or excretions trom
infected persons

Inhalauon

Fecal-oral,
pcrwn-m-pcrsun.
waterborne

Ingestion of fecally
contamipated food
or waler

Unknown: probuably
ingestion of tecally
contaminated food

or water

Bite of an infective
Anopheles mosguito

Unknown; possibly
reactivation of Jatent
infection

Penetranon of skin or
mucous membrane by
larvae (usually from
fecalty-contaminated
soih)y: oral-anal

sexual acuvitres
Exposure to feces of
cats carrying the
pmm/mm; KON -
times foodborne

4/

Causersy of

Emergence

Reforestation: increase
m deer popalation;
changes i vutdoor
recreantonal aotivity

Fmmunosuppression;
medical management
featheters):

antibrotic use

Immunosuppression

Development near
watershed arcas;
INMUROSUPPIESS 0N

Inadequate control in
some waler supply
SYSEnIsg
IMIMUBOSUPPressIon:
witernational travel

Immunosuppression;
recoRmtion

Urbhanization:
changing parasite
biology: environmental
changes: drug resis-
tance; air travel

Immunosuppression

Immunosuppression;
international travel

Immunosuppression:
INCreuse in cats as pets
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those agents best adapied to human transmission are likely to be those that
will emerge. Introduction of a disease-causing agent into o new host popula-
tion and dissemination of the agent within the new  host species
can occur atmost simultancously. but they are more commonly separated
by considerable periods of time. Changes in the environment and i
human behavior, as well as other factors, may increase the chances that dis-
semination will oceur.

For tamiliar, "old™ agents. whose spread has heen successtully controlled,
reemergence iy often the result of lapses in public health measures owing to
complacency. changes in human behavior that increase person-ta-person
transmission of an infectious agent. or changes in the ways humans interact
with their environment. The return of dengue fever into arcas of South and
Central America where previously e, gegvpri had been eradicated and the
resurgence of yellow fever in Nigeria, where more than 400 persons were
estimated to have died between Aprit 1 oand July 14, 1991 (Centers for
Discase Control. unpublished data. 1992), reflect the operation of these
mechanisms,

THE CONCEPT OF EMERGENCE

Although specific agents are usually associated with individea! discases,
historically 1t s the discases that usually bave been recognized tirst, With
improved techniques tor the identitication of microbes, however. this situa-
tion is changing. The causative agents for many newly emergent diseases
are often discovered virtually simuliancousty with (or in seme cases betore)
their associated discase svndromes, For this reason, the werm cmereing nii-
crobial threat as used in this report includes both the agent and the discase.

[t is important to understand the difference between infection and dis-
ease. [nfection imphies that an agent. such as a virus. has tahen up residence
in a host and is mudtiplying within that host—perhaps with no outward
signs of discase. Thus, it is possible to be infected with an agent hut not
have the discase commonly associated with that agent talthough discase
may develop at a later time).

In discussions abaut the emergence of “new™ diseases. considerable de-
bate has centered on the relative importance of de nove evolution of agents
versus the transfer of existing agents to new host populations (so-called
microbial traftic). It is sometimes presumed that the appearance of a novel,
discase-causing microorganism results from a change in s genetic proper-
ties. This s sometimes the case. but there are many instances in which
emergence is due to changes in the environment or in human ceology. In
tact. environmental changes probabhy account for most emerging diseases.

For example. despite the Tact that many viruses have naturably high rates
of mutation. the significance of new variants as a source of pew viral
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discases has been hard to demonstrate. and there appear 1o be relatively few
documented examples m nature. Influenza is probably the best esaniple of a
virus tor which the tmportance of new variants (e antigenic drifty can
clearty be shown, Vanants of the hepatitis B virus also have been shown
recently to cause discase. However, cases like these are greatly outnum-
bered by instances of new diseases or outbreahs resulting from microbial
traftic between species. Cross-species trunsfer of infectious agents is often
the result of human activities.

The evolution of viruses is constrained by their requirement Jor being
maintained in a host. It would therefore scem that new variants of nonviral
pathogens. such as bacteria. would be more common than new forms of
viral pathogens since nonviral organisms are fess constrained by host re-
quirements. However, most noaviral pathogens usually show a clonal ornigin
{Sclander and Musser, 1990 Musser et al.. 1991 Tibayvrenc et al.. 1991:a.b).
That is. they appear to be derived from a single ancestor, saggesting that the
evolution of a successtful new pathogen is a relatively rare event. When it
does occur, the new microbe probably originates in a single geographic
area and is disseminated through channels of microbial trallic. One implica-
tion of this model is that the control of “new™ discases may be more likely
it the pew varant is identitied carly (e.g.. by worldwide infectious disease
surveillancey and steps are taken 10 prevent its further dissemination.

It s likely that emerging pathogens generally are not newly evolved.
Rather. it appears that they already exist in nature. Some may have existed
in isolated human populations for some time: others. including many of the
most novel. are well established in animals. Infections in animals that are
transmissable o humans are termed Zoonoses. As discussed in Chapter 1,
throughout history rodents have been particularty important natural reser-
voirs of many infectious diseases.

The significance of zoonoses in the emergence of human intections can-
not be overstated, The introduction of viruses into human populations. for
example. is oftea the result of human activities, such as agriculture. that
cause changes in natural environments. These changes may place humans in
contact with infected animals or with arthropod vectors of animal diseases,
thereby increasing the chances of human infection, Argentine hemorrhagic
fever. a natural infection of rodents. emerged as a result of an agricultural
practice placing humans in close proximity to the rodents. Marburg. Machupo.
Hantaan. and Rift Valley fever viruses are also of zoonotic origin, as. argu-
ably. is human immunodeficicncy virus (HIV), Yellow fever. whose natural
cycle of tection takes place i1 a jungle habitat and involves monkevs and
mosquitoes in tropical arcas of Africa and South America. is probably an
ancient zoonosis, Jungle yellow fever occurs when humans interpose them-
selves i the natural cycle and are bitten by infected mosquitoes. Yet there
is also urban yellow fever. in which the same virus is transmitted among
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humans by other mosquitoes (e.g.. Aedes wegvpti) that have adapted to liv-
ing in cittes. 1ty generally believed that the movement of people through
the slave trade and maritime commerce disseminated yeltow fever, dengue.
and chihungunya viruses, as well as Aes wegapti, from Atrica to other tropi-
cal areas. Ao vegvpri as sull widespread in many urban arcas of the south-
eastern Unitea Stawes, althougi the Tust sellow fever epidemic in a mayjor
U.S. city was in New Orleans in 1905,

Although the odds are fow that a randomly chosen orgaonm will become
a successtul human pathogen, the great variety of microorganisms in nature
increases those odds. For example, field sampling and discase surveillance
efforts have now identified more than 520 arthropod-borne viruses. or
arboviruses (Karabatsos, 1985). The disease potential of most of these vi-
ruses Is unknown, but nearly 100 have been shown 1o cause human disease
{Benenson, 1990). In spite of the demise of the Rockefeller Foundation
arbovirus program in 1971, and although only a tew Jaboratories are ac-
tively searching tor new pathogens in animals and arthropods. new viruses
are being discovered every year (see Box 2-2).

One example of a recently discovered zoonotic virus is Guanarito. the
cause of Venezuelan hemorrhagic fever. In the fall of 1989, an outbreak of
an unusually severe and sometimes fatal disease was detected in the state of
Portuguesa in central Venezuela. Patients presented for treatment with pro-
longed fever. headache. arthralgia. diarrhea. cough, sore throat. prostration.
leucopenia, thrombocytopenia. and hemorrhagic manifestanons. Physicians
in the region initialiy diagnosed the disease as dengue hemorrhagic fever
(DHF). During onc peried, trom early May 1990 through fate March 1991,
tU4 cases of the disease were recorded. Slightly more than a quarter of
these patients. most of them adults, died (Salas et al.. 1991).

Al of the cases ot the DHF-like illness occurred in the Municipio of
Guanarito in Portuguesa State. or in adjoining areas in Barinas State. The
Municipio of Guanarito, population 20.000. is tocated in the central plains
of Venezuela, a major food-producing region. The outbreak was confined to
the municipio’s roughly 12,000 rural inhabitants. who either farm or raise
cattle (Salas et al., 1991).

In the fall of 1990, a virologist from the Venezuelan Ministry of Health
sent serum samples from several patients who were suspected to have DHF
to the Yale Arbovirus Research Unit (YARU) at Yale University School of
Medicine. No virus could be isolated after routine culture of the sera in
mosquito cells (the standard method for recovery ot dengue viruses).

In carly 1991, a member of the YARU staft visited Venezucla while en a
trip to South America collecting dengue virus isolates for an ongoing re-
search project. In Caracas. the YARU statf member was given spleen cul-
tures from two fatal cases of suspected DHF from the Guanarito area. Upon
inoculation into newborn mice and Vero (monkey kidney} cell cultures at
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BOX 2-2 Arboviruses

Worldwide, in 19300 only six viruses were hnown to be mamtained an
cveies between animal hosts and arthropod vectors lthe mosqurtoes, goats,
and ticks tKarabatsos, TYRS). Only one of the recogmyzed arboviruses (ar-
thropod-horne viruses), yellow fever virus, caused disease in humans, The
other five viruses were responsible for epizooties and major ceonomic
losses in domestic animals: bluetongue in sheep and catde. Narrobi sheep
disease. Lauping ] in sheep, vesiculae stomatitis in cattle, and Atrican
swine tever.

Later i the same decade. there was an explosion of newily emerged
arthropod-borne discases in North America. Western and castern equine
encephalomyelitis virases caused major outbreaks with high case tataliny
rates in both equines and humans. St. Louis encephalttis virus was associ-
ated with more than 100G cases and 201 deaths in residents ol Missourt,
Subsequent research demonstrated that cach of these viruses was main-
tained g evele dependent on mosquitoes and birds. When any of the
viruses invaded the buman population, an epidemic olten ensued.

Since the 1930s. 86 additional arhoviruses have been found in Nosth
Ameriea. Fortunately, only a tew, such as the Califormia encephalitis com-
plex. Colorado tick fever. and the dengue fever viruses, have been consis-
tently associated with human disease. However, all R6 viruses are distrib-
uted widely. and many have thus far been shown to cause only inapparent
wfections in humans. A shilt in the vigplence of the viruses or i human
susceptibility could potentially alter the present equilibriom. Some experts
warn that the arboviruses are “viruses looking for a human disease.”

The threat of arboviral discase is not Jimited to North America. The
V9SS International Catalogue of Arboviruses (Karabatsos, 1985) identified
504 arboviruses worldwide. 124 of which have been associaied with a
disease. It is of continming concern that nonindigenous viruses might be
introduced into the United States through travel and trade.

The rate of discovery of arboviruses reflects the intensity of the world-
wide search by the Rockefeller Foundation. government agencies. and uni-
versities from 1950 to 1980, There has been a significant deerease inactiv-
1y for such programs in recent years. as seen in the table below. Yet all the
while. new arboviruses continue to be tound whenever and wherever a
scarch is made.

Poriod Ixolations Period Isolations
Before 1930 6 1O60-6Y 209
19301-39 10 1970-79 129
1940-49 19 19K0-XY9 22
1950--39 104 Total S04

SOURCE: Karabatsos, TU8S.
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YARU. these samples subsequently yiclded two isolates of a previously
unknown arcnavirus, & family of viruses generally thought to be rodent-
borne. The organism was distinet from Lassa, bunin. and Machupo viruses,
the other arenaviruses that are known to cause severe hemorrhagic illnesses
in humans. The new agent has since been destgnated the Guanarito virus.,
and its associated disease has been labeled Venezuelan hemorrhagic fever
(Salas et al.. 1991).

Venesuelan health officials are now attempting to determine the risk
factors. geographic distribution, and clinical spectrum of Guanarito virus
infection and to update the incidence data on it. Studies are currently in
progress at the ULS. Army Medical Research Institute of Intectious Diseases
(USAMRIID) to develop an animal model for the disease and to evaluate
possible therapeutic agents. In October 1991, scientists from YARU visited
Venczuela to initiate a study to identify positively the radent reservoir(s) of
Guanarito virus.

Rodents have been implicated in a number of zoonotic intections, but
the zoonotic pool also includes marine animals. such as scals. porpoises.
and dolphins. which hke humans are susceptible to outbreaks of infectious
disease. Most such occurrences pass unnoticed. either because they occur
far from shore or because the number of animals affected is too small to
draw attention to the possibility of infectious disease. Occasionally. how-
ever, marine epidemics do attract attention. usually when large numbers of
dead carcasses suddenly appear on a popular beach.

The most recent major epizootic, reported inttially in harbor seals Jiving
in the waters off Europe and the United Kingdom. began in April 198K,
Thousands of the animals died. The hardest-hit arca was along Britain's
East Anglian coast. where more than hait of the native scal population is
estimated to have died. The outbreak peaked in August and tapered off
through late 1989, Few dead seals have since been reported in this area.

It now appears that the same or a similar disease was present in Siberian
seals somewhat earlier than the European epizootic (Grachev et al.. 1989).
The disease was also found in porpoirses (Kennedy et al.. 1988) and in
dolphins (M. Domingo et al.. 19903, Extensive study of the European out-
break resulted in the isolation of the causative agent. a virus. which is
similar 1o meastes. canine distemper. and rinderpest viruses.

Occasionally, marine viruses cause disease in terrestrial mammals or
humans. For example. a strain of influenza A virus (H7N7) led 1o epidemic
outbreaks in seals in 1980 and caused conjunctivitis in humans who handled
the affected seals (Webster et al.. 1981). It has been suggested that vesicu-
lar exar .nema of swine. a serious viral disease caused by a calicivirus, was
introduced into pigs through feed that contained material from sea tions.
Many caliciviruses of terrestrial mammals may have been introduced from
marine sources (Smith and Boyt, 1990). Among human viruses, hepatitis E
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virus (the enterically transmitted non- AL non-B hepatitis that i usually waterborne
and s widespread in tropical areas including parts of South Americay has
tentatively been classified as a calicivirus (Reves et al. 19940y,

There are also a number of established diseases whaose link to an infee-
tious agent has only recently been discovered. In addition 1 peptic ulcer.
mentioned in Chapter 1, other diseases with a newfound link to a microbe
include cervical cancer (associated with human papillomaviruses) and hu-
man T cell Iymphotropic virus (HTLV)-1-associated myelopathy or tropical
spastic puraparesis (resulting from infection with HTLV). Diseases for which
possible links to infectious agents are under investigation include rheuma-
toid arthritis (parvovirus B19. HTLV-D: atherosclerosis (eytomegalovirus
[CMV ], herpes simplex virus [HSVI-1T and HSV-2, or Chlamiydia paewnioniae);
and insulin-dependent diabetes mellitus (coxsackievirus BS). Scveral of
these examples are discussed later in this chapter.,

Rather than categorize emerging microbial threats by type of agent—
viral, bacterial. protozoal. helminthic. or fungal—this report classifics emerging
threats according to the factors refated to their emergence:

* Human demographics and behavior

+ Technology and industry

« Economic development and land use
* International travel and commerce

» Microbial adaptation and change

+ Breakdown of public health measures

The classification draws attention to the specific forces that shape infec-
tious disease emergence (see Figure 2-1). These forees (ie.. factors in emergence)
operate on different elements in the process of emergence. Some of the
factors influence the acquisition of an emerging microbe by humans and
other animals: others primarily affect the microbe’s spread among popula-
tions. Although 1t is a difficult. if not impossible. task to predict the emer-
gence of “new’ infectious discasesfagents, it is helptul 1o understand the
factors that facilitate the emergence and spread of infectious diseases in
general. We must focus on what we do know: the infectious discase that
will emerge or reemerge is likely to do so through one or more of the
“facilitative pathways™ diagrammed in Figure 2-1. An awareness of this
system of pathways constitutes the first step to reasoned prevention and
control of infectious discases.

Many of the diseases addressed in this report have emerged because of a
combination of factors. This s pet cwrpricine gjven the often ~omplex
interactions of microbes. their human and animal hosts, and the eaviron-
ment. As much as possible. however, the committee has attempted to illus-
trate specific causes of emergence with discases or agents whose emergence
is primarily due to that one factor.
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FIGURE 2-1 Schematic ot infectious disease emergence.

HUMAN DEMOGRAPHICS AND BEHAVIOR

In the complex set of interactions that result in disease emergence. the
human element—population growth. density. and distribution: immunosup-
pression: and behavior —plays a eritical role. Increases in the size. density.
and distribution of human populatons can facilitate the spread of infectious
agentst changes in the distribution of populations can bring people into
contact with new pathogenic organisms or with vectors that ransmit those

organisms. Immunosuppression. a by-product of aging. the use of certaim
medications, discases, or other factors. often permits infection by microor-
ganisms that are not normally pathogenic in humans. Individual behavior,
particalarly sexual activity and the use of illegal drugs. contributes to the
transmission of a number of diseases that hive a major health impact on this
and other countries.
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Population Growth, Density, and Distribution

tintil recently, most of the world's population lived in rural areas. In
1800, tor example, less than 1.7 percent of people lived in urban communi-
tics. By 1970, however, more than a third of the werld's people lived in
urban settings. By the year 2000, that fraction is expected to rise to one-half
{Dentler, 1977).

Not only are more people choosing to live in urban arcas, but the size
and density of many cities are abso mcreasing. in part because ot the overall
population growth rate- cach year the population of the world grows by
approximately 70 million. High binth rates in many cities contribute to ur-
banization. By the end of the century. there will be 425 cities with a million
or more inhabitants, an increase of 200 cites since 1985 (United Nations,
1985; World Resources Institute, 198631 Twenty-five cities are expected to
have populations that exceed T mitlion (Last and Wallace. 1992),

In many parts of the world. urban population growth has been accompa-
niecd by overcrowding. poor hygiene, madeguate sanitation (including
wastewater disposal), and insufficient supplies of ¢clean water. Urban devel-
opment, with its attendant construction, emergence ot slum arcas and shanty
towns, and infrastructure needs {e.g.. water treatment and waste disposal
facilitiesy, has also caused ecological damage. These factors have created
conditions under which certain discase-causing organisms and the vectors
that carry them have thrived. The dengue viruses and their primary mos-
quito vector, Ae. aegypr, are one such example,

DexaGt

There are four distinet scrotypes of dengue virus, cach of which can
cause a spectrum of ilinesses ranging from mild fever and general malaise
(dengue tever) to shock and fatal hemorrhagic discase (dengue hemorrhagic
fever/dengue shock syndrome [DHE/DSS]H. Dengue typically is a discase
of young children. although older children and adults can be atfected. Den-
gue viruses are transmitted to humans by Ac. aegypti mosyuitoes.

Although dengue fever has plagued tropical populations tor hundreds of
years, the more severe form of the disease. DHE/DSS. is relatively new.
The first recognized epidemic of DHE/DSS accurred in Manila in 1953
(Hammon ¢t al.. 1960), Dengue fever is usually the result of primary infec-
tion with one of the four dengue virus serotypes. DHE/DSS occurs i people
who have been infected with two or more serotypes. The global spread and
mixing of dengue scrotypes have been made possible by the movement of
infected individuals from one area to another.

Ovcer the past 15 years, outbreaks of dengue fever have become increas-
ingly numerous and severe, especially in urban centers in the tropics. At the
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same time, epidemics of DHE/DSS have spread from Asia to the Americas.
In the carly 1980s. the discase arrived in Cuba, where it Killed 158 Cubans
in a major outbreak in 1981, The most recent epidemic ook place in Ven-
ezuela in 1990; more than 3,100 cases of severe hemorrhagic disease were
recorded. as well as 73 deaths (Gubler, 1991). There are currently endemic
tocr of DHEF/DSS in the Caribbean and on the Yucatan Peninsula of Mexico.

Although the discase is concentrated in a small number of areas. world-
wide incidence rates for DHE/DSS have shyrocketed. Since ity appearance
in 1936, there have been an average of 29 803 cases of DHE/DSS reported
per vear. Between 1986 and 1990, the average number of reported cases
per year was more than 267.692 (Gubler, 1991). In Southeast Asia. DHE/
DSS ranks as one of the leading causes of hospitalization and death among
children.

Although the reasons for the increase in dengue activity and the chang-
ing discase pattern are not fully understood. the consequences of increased
urbanization, densely populated areas. and poor sanitation play a significant
role. These conditions favor the growth of mosquito populations. Dengue
virus, which is short-lived in the human host. is best maintained in densely
populated arcas in which Ac. aegypti is abundant and susceptible individu-
als are concentrated. The lack of effective mosquito control in many tropi-
cal urban centers—a by-product of ¢conomic and political problems as
well as indifference—has undoubtedly contributed to the dramatic rise in
denguce infection worldwide.

The United States experienced dengue fever outbreaks in 1922 and 1945
(Langone. 1990). No cases of DHE/DSS have been reported to date, but
imported cases of dengue fever occur annually in U.S. citizens who have
returned from travel abroad. In 1990, for instance. 24 contirmed cases of
imported dengue were reported 1o the Centers for Discase Control (CDC)
(Centers tor Disease Control. 1991¢). Although Ac. aegvpti and Ac. alhopicius
{4 secondary vector) have become tirmly established in much of the south-
eastern United States, epidemics of DHE/DSS. such as those seen in Cuba
and Venezuela, are unlikely. The United States is less vulnerable because
s standard of living is higher. houses are more likely to be screened. and
discarded tires (see Box 2-3) and other containers that can breed Aedes are
much fess common than in many cities in the tropics. At present. the only
effective way to limit the spread of dengue is 10 attack its principal vector.

Aeo gegypri. Government-supported pesticide application programs. and ef-
forts of private citizens to chiminate mosquito breeding sites (e, source
reduction) ncar their homes. have been shown to work. The success of such
source reduction efforts rests on public education programs.

Like the yellow fever vaceine, a reasonably priced dengue vaceine will
be an important adjunct to vector control in stemming the spread ot urban
epidemics. Dengue vaccine development. however, has been complicated
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BOX 2-3  Envirenmental Eyesore or Mosqguito Nursery?

Both! Discarded tires are an eyesore to most, but {0 souie mosquitoes
they offer an ideat location o deposit thesr coun Aedes wegypti and Ae.
albopicius. both vectors of diseases such as dengue fever. viral encephahi-
tis. and vellow fever. prefer to lay their cges in water that collects in
containers. Discarded tires. which hold water no matter in what position
they land and which do not typically harbor predators like fish or frogs are
perfect incubators tor the cggs of these mosquitoes. And cuch year. the
United States throws away a quatter of a billion tires and imports several
million tmosthy from Japan) 10 be retreaded and resold.

Not only do the mosguitoes find homes i discarded tires, bui they also
tind transportation. When old tires are transported around the country by
truch. mosquito cges often go with them.  Eggs then hatch hundreds of
miles from where they were laid, and populations of adult mosquitoes can
ostablish themselves in arcas they might never have reached. Ae. albopicries
actuadly “hitchhiked™ to the United States in 1985 from Japan in a ship-
ment of used tires. Already. this species has established itselt as a resident,

Tires are nat the only human-made accommodations favored by mos-
yuitoes.  Anyv container shat holds water—an empty beer or soda can. a
bucket. or tlowerpot—that is left outside during the warm spring and suni-
mer months is an attractive cgg-laying site for a female mosquito. Some
mosquitoes will cven breed indeors in a meist container in a4 basement.
garage. or shed it given the opportunity, This is in part why acrial spray-
ing ol pesticides is not an effective way to control mosquitoes: the insects
usually lurk (and lay their eggs) in damp hiding ptaces that the chemicals
vannot reach.

Thus. as innocuous as they may seem to many, discarded items ke old
tires and empty aluminum cans may play a role in the initiation and spread
of mosquito-borne disease. Eliminating human-made breeding sites is a
simple. logical way 1o reduce the chances ol such discase.

by the dengue virus's four serotypes. Scientists do not expect that a vaccine
will be available in the next 5 to 10 years.

Immunosuppression

Immunosuppression. a weakening of the immune system. can be caused
by a number of factors, including the following:

 Inherited discases
+ Aging
* Prematurity (neonales)
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+ HIV infection

» Radiation treatment

« Immunosuppressive medications for transplantation. therapy of malig-
nancy (chemotherapy), or treatment of autoimmune diseas

« Malnutrition

¢ Pregnancy

» Severe trauma and burns

» Other concurrent infections

« Mudignancy

Immunosuppression can result in disease in an individual who other-
wise would have been able to fend off illness. Infections caused by typi-
cally nonthreateming ocganisms that take advantage of a person’s weakened
state are called opportunistic infeciions.

Although opportunistic infections have reecived a great deal of attention
over the past decade with the onset of the HIV discase pandemic, they are
not new. During the pandemics of influenza in the early part of this century,
it was well understood that both the very young (who have immature im-
mune systems) and the elderly (who have waning immune defenses and.
often, concurrent discase) were in the greatest danger of succumbing to
this viral disease. New medical treatments and teclhinologies—tor example,
therapy for coltagen-vascular diseases ke rheumatoild arthritis and vasculitis,
cancer chemotherapy, and organ wransplamation—have created additional
openings for opportunistic pathogens.

There is good reason to believe that opportunistic infections will con-
tinue to threaten human health. The mean age of the ULS. population contin-
ues 1o rise. More and more people are survaving into their eighties and
nincties, when previously non-tife-threatening infections hecome common
killers. Suboptimul prenatal care for women of lower socioeconomic status,
which often results in premature and discase-prone infants, will tikely con-
tinuce to be the norm. The number of peoplc with AIDS will continue to
grow as those who became infected years ago develop full-blown disecase.
The HIV-intected population serves as a particatarly important point of
survetllance for emerging opportupishe infections because of 18 size and
because the immunosuppression that characterizes the discase is compre-
hensive.

In many cases. knowledge of the type and extent of a person’s immune
dysfunction makes it posaible to predict the kinds of infections that person
is Likely to acquire. When immune deficieney is acute and general in nature,
however, any number of infections are apt 1o results often simultancously
and often with astounding intensity. Such s the case for peaple with HIV
disease. It is not surprising that opportunistic infections account for 90
percent of all HIV discase-refated deaths (Double Helix, 1990).
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Opportunistic infections are often caused by naturally occurring organ-
isms that reside in most indiciduals, These organisms typically are kept in
check by a healthy immune system. and many of them—for example, cer-
tatn types of digestion-aiding bacteria in the intestine—are actually beneti-
ctal to normal body function. Disturbances in the integrity of the gastrointestinal
tract. often the result of chemotherapy or radiwtion therapy. can introduce
mitestinal bacteria into the bloodstream. which can ultimately lead to hife-
threatening infection. Prolonged therapy with antibiotics can suppress the
normal. resident bacteria that tend to keep tungal organisims like Cundida in
check. and the fungi can initiate a potentially dangerous infection.

The defimtion of an opportunistic infection should also include those
infections caused by organisims that are normally pathogenic in healthy
hosts but that are more common or induce more severe infections in the
immunc-impaired host, For example, although a nonimmune, healthy per-
son who comes into contact with varicelta virus might develop. and recover
from, chickenpox. a person with an impaired immune system has a good
chance of dying from the infection.

“Reactivated™ infections. another type of opportunistic infection, vceur
in people who were previously infected with an organism that the body was
able to suppress but not climinate complet:ly. When the immune systems
of these individuals weaken. the circulating organism has a chance to cause
discase again, or, in many cases, for the first time. For example. an estimated
80 percent of Americans are infected with eytomegafovirus (CMV), a herpes-
virus (National Institute of Allergy and Infectious Diseases. 1991h). The virus
typically does not produce serious illness in healthy adults. but for transplant
recipients, who receive immunosuppressive drugs to keep them from re-
Jecting foreign tissue, CMV can be a Bfe-threatening complication.

Tubcerculosis (FB) is another example of an infection that can be reacti-
vated during immunosuppression. The causative agent of TB. Myveobacte-
rinn tiwberculosis, usually persists in the body long after primary infection.
Although intection with this bacteriunt in a previously unexposed person is
usualty self-limiting. reactivated TB. which can oceur years later, can cause
lite-threatening lung disease. In recent years, TB has stricken HIV-infected
individuals with alarming severity, causing a rapidly disseminated disease
involving organs throughout the body.

After dechning steadiiy since the 1930, the incidence of TB in the United
States has recently begun to climb. Since 1986, reported cases have increased
16 percent tsee Figure 2-2) (Smider and Roper. 1992). This trend is fargely
attributable to cases of TB among those infected with HIV. TB is also occur-
ring with greater frequency among immigrants and refugees, substance abus-
ers. the homeless. the medically underserved. and the clderly. The majority of
the increase has been among raciai and ethnic minorities (especially blacks
and Hispanicsy. children and voung adults, and immigrants and refugees.
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heterosexuals who use crack cocaine (Centers for Discase Controf, (9921,
A pumber of tactors are assocted with this rise, includiy multiple-partner
sen 1o procure drugs. especrally crack cocame: inadequate health care among
croups at rishy and declining educational fevels among fower socioeco
nomic populations (Centers tor Discase Control, 1991g).

The origin of HIV, the lentivirus ta member of the retrovirus famidy s that
causes HIV disease and acquired immunodeficienoy syndrome (AIDS) i
not known, Viruses closely related to HIV have been present for hundreds.
if not hundreds of thousands, of years i African nonhuman primates. Simi-
lar comparisons of human and nonhuman leativirus olates strongly sug-
gest tha HIV-2, the variant of HIV found primarily in persons from West
Africa. may have infected humans followin © cross-species transmission from
nonhuman primates {Gao et alo i press o This transmisstion could have
occurred through bites of infected monheys that were hept as pets, captured
by trappers. or transported to other countries. Nucleotide sequence analy ses
show that HIV-2 and some isolates of simian immunodeticiency virus (SEV),
an HEV-like virus, belong i the same subgroup: there are no data at present
placing an SIV isolate from monkeys in the same subgroup as HEV-L How-
ever. an SIV virus belonging to the same subgroup as HIV-1 has been
i~olated from chimpanzees. Yet it HIV-1-like viruses are present in nenhu-
man primates, it iy possible that both HIV-1T and HIV-2 were occasionally.,
but infrequenthy | transmitted to humans and persisted in remote areas or in
isolated individuals or populations for centurics. Afthough the carliest docu-
mented case of HIV infection was obtained from a serum sample collected
in central Africa in 1939 (Garry . 1990), the country or continent in which
the HIV discase epidemic began is not known. What is clear i~ that HIV and
SIV arose through natural evolutionary processes.

The HIV disease pandemic mitially escaped detection because of the
discase™s long incubation period tthe time from intection to onscet of hite-
threatening discasel. After resernvoirs of infection had been estabhished in
African and Western countries. HIV spread to all parts of the globe. In
Africa. 1ty belweved that HIV was transported by the movement of tnfected
individuals from isoluted rural communities 1o rapidly expanding Cities.
This urbanization was accompanied by changes in sexual behavior. which
plaved a major role in the transmission off HIV among (primarily) hetero-
sexual populations i Alrica (Quinn ¢t al., 1986). Preexisting infection with
other sexually transmitted microorganisms. especially those that cause geny-
tal uleers and local gemital tract intlammation. probabls facilitated hetero-
sexual ransmission of HIV (Hillman et al., 1989,

The carly spread ot HIVL particularly in the United States and Europe.
was fargely the result of high-risk sexual practices of some male homosexu-
alscand it was in this population that most of the carly cases were seen.
Within a short peniod. however, another major group of HIV-infected indi-
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viduals emerged: intravenous substance abusers. The itroduction of crack
cocaine in the United States in the mid- 1980+ added another component to
the complex epidemiology of HIV infection. Many persons who abuse crack
COCAINE dse SN iy a carrency o support thens habie The result Las been
striking rise in heterosexually transmitted syphilis. chancroid, and HEV -
fection. Although in the United States. HIV intection occurs predominately
tn male homosexuals and intravenous substance abusers, the e of ifec-
tion among non-substance-abusing heterosexuals is increasing.

The tact thar HIV tiese established atsett in the Unied States nianly
among gav men has both negative and positive repercussions. On the nega-
tive side. tapid emergence was tactliated among those idividuals who
engaged in anal intercourse with multiple partners. On the positive side.
unusual discases related o HIV infection imially occurred i a specttic
subpopulation. and that speciticity probabhy hastened revogmition of dwe
syadrome and ity infectious nature. Had the first cases of AIDS occurred in
a more diverse population. it is likely that discovery of the exact nature ol
the problem would have been stowed. Once the disease was recognized as
new entity with the potential tor epidemic spread. the biomedical rescarch
community hegan a concerted effort to identify the ctiologic agent. Colabao-
rations were established between health care workers. who provided blood
samples from patients. and researchers. who i turn solated and detined
properties of the viras so that blood tests could be generated und the devet-
opment of drugs and vaccines could begin,

Unfortunaely. the ULS, political sector was not as responsive to the
crisis and by ity slow response may have contributed to the explosive growth
of the epidemic. A major reason tor this hesitaney appeared to be the an-
tipathy of some federal otficials o the behaviors of those persons itially
affected by HIV discase: gay men and substance abusers. [n some instances,
federul officials thwarted ettorts 1o curtail the eprdemic. For example. former
Surgeon General C. Everett Koop has stated. "Even though the Centers
for Discase Control commissioned the first AIDS task toree as carly s
June 1981, 1. as Surgeon General, was not alfowed to speak about AIDS
publicts until the second Reaenn werm. Whenever T spoke on a health issue
at a press conference or on a network morning TV show . the government
public affairs people told the media i advance that [ would not answer
guestions on AIDS and T was not 1o be asked any guestions on the subject.
I have never anderstood why these pecubiar restraints were placed on me.
And although T have sought the explimation. T still don™t know the answer”
(Koop. 1991

More detrimental, however, was the government’s continued resistance
to propased sex cducation programs designed 1o interrupt transmission of
HIV (Koop, 1991, The federal government’s recent revocation of tunding
for an approved five-year study of teenage sexual behavior (NMarshall,
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19911 indicates the continuing controversy and ambivalence that surrounds
many aspects of the nation’s response 1o HIV disease.

To date. no drog has been developed than can prevent or cure HIV infec-
tion and s no bikely that a vaccme will be avanlable soon. ITn many areas
of the world. particularly Eastern Furope. India, and Southeast Asia, the
numbers of cases of the discase are escalating rapidis - In Africa. the demo-
graphics of the pandemic are changing. with HIV-nfected individuals
moving away from cites and back o rural arcas (R. M Anderson et al,
199 Fy. To Africa. Latin America. the Caribbean. and North America, HEV iy
infecting increasingly larger numbers o heterosevuals, intrasenous sub-
stance abusers. and children (Centers for Discase Control. 19914y, In 1989,
HIV disease passed heart disease 1o become the second leading cause of
death in U.S. males aged 25 1o 440 behind accidental and unmintended injury
(Centers for Disease Control, 1991¢) Estimates now place the total number
of adults worldwide who have developed HIV disease at more than 1 mil-
lion and those who are infected with HIV at 10 mittion. The World Health
Organtzation (WHO) estimates that as many av 30 mithon people could
be infected with HIV by the sear 2000 (World Health Organizatnion, 1991).

TECHNOLOGY AND INDUSTRY

Notwithstanding all ot their benetits, wechnology and industry may di-
recthy or indirectly cause the emergence of infectious diseases. Modern
medivime has ereated situations that are deally suited tor the emergence of
infectious agents. The food and agriculiure industries work continually to
prevent the mtroduction of pathogenic organisms into our food supply. b
they are not always successtul. Waterborne pathogens are controlled by the
carctut treatment and disinfection of drinking water., but breahdowns do
oceur and sometimes result in the spread of infectious disease.

Modern Medicine

Geaerally, people who enter the hospital expect that therr health will be
improved by the treatment they receive. For at feast 1 out of 20 patienis,
howeser, this s not the case. Each sear, an estimated 2 million individuals
i the United States tabout 3 percent of the total number hospitalized)
suffer nosecomial intfecnions viral, bacterial, protozoan. and fungal intec-
nons that were not present or incubating at the tme of hospital admission
thuchs, 19790 Wengel, 19880 Martone, 19901, The rates of nosocomial in-
fections i developing countries may be 5 10 10 times higher (Wensel,
1OR87).

The health and tinancial impacts of nosocomial infections in this country
are ~taggering. More than 20,000 deaths annually are attributed to hospital-
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acquired infections, and patients who recover from these intections typi-
cally require 10 extra days of hospital care (Fuchs. 19790 Wenzel, 1988
Every vear. hospital-acquired infections account for between 85 billion and
$10 billion in additional medical-related expenses, most of which are due to
eacess hospital stavs (Wenzel, 19871 Schacechter et all 1989 Martone, 1990y,

Although hospital sanitaton has improved markedty since the late mine-
teenth century. when carbohic acid was first used as an antiseptic during
surgery. nosocomial infections continue to challenge efforts 1o control them
tFuchs, 1979y Medical advances and antimicrobial resistance are at the
heart of the struggle.

In February 1991, the CDCs Hospital Infections Division Jooked at 10-
vear trends i nosocomial infections using data collected through the Na-
tional Nosocomial Infections Survetllance System (NNISS) The 19808 saw
a tripling of the mcidence ol bacteremias (Ross, 199t and a shift i the
organisms that are most prevalent as the causes of nosocomial intections.
trom those that are generally susceptible to antimicrobials (e.g.. Prosens
mirabilis. Exchervichia coli. and Kiebsielta prueumoniaey to those that tend to
be more refractory o treatment (e.g.. Emterobacter. Pseudomonas. Eatero-
coccus, and Cundida species) (Schaberg et al., 1991), In addinon, there
appears Lo have been a significant increase in both the prevalence and vari-
ety of viral and fungal pathogens found to be causes of nosoconial infec-
tions (Ross. 19903 All of these observations implicate the hospital setting
as @ prime site for the emergence of microbial threats 1o health,

Many of the Tactors that imcrease the risk of mfection in a hospital are
inherent to any health care setting, Not only are persons with serious mtec-
tions frequently admitted 1o hospitals. thus providing an intrahospital source
of pathogenic organisms. but the proportion of people with increased sus-
ceptibility to infections is alvo greater in a hospital than in the general
population. In addition. because health care institutions are not completely
isolated from the community temployees, visitors, food. and supplies enter
daily b patients are exposed to the same pathogens that circulate an the
surrounding Tocale. Thus. nosocomial infections can be transmitted from
statt o patients, from visitors 1o patients, and from patients to other pa-
ticnts. Infections can also be acquired from contaminated surtaces, such as
floors. examining tubles, or improperly sterilized mstruments. and trom the
patient’s own normal microbial tlora. especially during imvasive procedures.

Antimicrobial resistance. a problem in the treatment of muany bhacienal
divcases, has particular relevance in the hospaal setting. By their very na-
ture, hospitals are fitled with people who have mcreased susceptibility to
infection. Also by nature. hospitals tend to use large quantities of antibiot-
s, CAbout a third of hospitasized patients receive such agents [Shapiro ¢t
al.. 1979]) The combination of an immunolegicaly vualnerable population
and the widespread use of antibiotics is potentially risky . sinee the selective
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pressure exerted on microbes by the constant challenge of antimicrobial
compounds favors the survival of organisms that are resistant to these drugs
{Holmberg et al., 1987

An organism’s development of drug resistance through scelective pres-
sure usually begins with exposure 1o an antimicrobial drug. Antimicrobiad
drugs and other compaounds designed 1o combat human pathogens work by
Kithng or inhibiting the growth of susceptible microorgamsms, Because of
genctic vanability, however, not every buactenium, virus, protosoan. hel-
minth, or fungus s paturally suscepuble o these drugs. The result is that
the drugs feave unteuched a small aumber of resistant microbes, effeciivehy
“selecting for™ those organismis that can survive attack by the drugs. These
resistiune organisms pose i potentially sertous threat 1o health, Although
the role of selective pressure i antinuerobial eesistance s clear, addr-
tional studies (using appropriate epidemiological and molecular bio-
logical methodologiesy are needed 1o wdentify and investigate the risk face-
tors that promote transmission of resistant pathogens in the hospital
setting.

Many standard hospital proceduares tacilitaie patient acquisition of
nosocomial infections. The use of conventional medical devices is respon-
sible for the greatest share of such infections: several hundred thousand
cases of device-related disease oceur cach vear. The most common of these
fand the most trequent of all nosocomial infections) is urinary tract infec-
von (UTh tHarding et al., 19913 The great majority ot hosprial-acquired
UTIs are the result of catheterization. In some cases. infection results {rom
nonsterile msertton of the catneter: more frequently. however, itis the entry
with the catheter of normal body bacteria (e.g.. E. colr and Staphylococcus
spectes. which are usually Kept out of the bladder by the mucosal barriers of
the urinary tract) that cause infection. Other devices, such as endotracheal
tubes wnd mechantcad ventitators, can couse infection in g similar tashion,

Pncumonia s the second most common hospital-acquired illness and the
lcading cause of death from nosocomial infection. Infections related to sur-
gical wounds are the thitd most cammon type. SKin provides one of the
body’s natural defenses against wicrobial wvasion. and 11 1s also home to
usually harmless staphylococcal bacteria. When the skin i~ broken, how-
ever. as happens during surgery or intravenous catheterization. staphyvio-
cacei tincluding antibiotic-resistant hospital strains) can gain aceess to deeper
tissues and cause infectton. Bloodstream infections. the tourth most com-
mon type of nosocomial condition. occur when microbes make their way
decp into the body—tvpically with the help of medical devices or the use of

mvastve procedures-—and onter the bloodstream. On rare occasions. blood-
stream infections, including transfusion-induced yersiniosis and HIV intec-
non. can also result from the use of contaminated blood products (see Box
2-3y (Cover and Aber. 1989 Martone. 1990).
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BOX 2-4 How Safe Is the Blood Supply?

Many of the 4 million people who receive a blood transtusion m the
United States cach syear have concerns about contracting a communicable
discase in the process. Like organs and other tissues thut are transplanted.
blood Is a brological product that can host discase-causing microorgan-
sy, Fortunately. however, blood that is donated today goes through a
hattery of tests designed 10 ensure that 1t is free of contamination by infec
vous agents. The American Red Cross (ARC) now tests donor blood tor
svphilis, hepatitis B and C, human T-lymphotrophic virus tvpes 1 oand 2
(HTLV-T and HTLV-1L HIV-1, und. recentdy, HIV-2 as owelll HIVS2
currenthy ranks as the primary cause of HIV disease only in West Afnica;
ver as of September 1991, 31 people in the United States had been diag-
nosed with HIV-2 1afecnon, making the virus o potentiol threat to the
satety of the biood supply in this country dJohnston. 1991

The Department of Detense (DODY and the American Association of
Blood Banks (AABB) recently took steps to protect the blood supply from
contamination with another microorganism, the leishmama parasite. Found
primarily in Atrica and Asia. the parasite was found late last year in the
blood of more than two dosen soldiers returning from the Permian Gult
War. Both the DOD and the AABB. as well as the ARCL plan 1o refuse do-
nations until at teast 1993 from all individuals-~mainly members ot the U.S.
arimed services-—who have traveled to the Middle East since August 1996,

Many ot the ctforts made by blood banks to tmprove the satety of the
hlood supply have been tremendousty successful. Thirty years ago. nearly
one in three people who received a blood transtusion contracted some form
ot hepatitis: today. that risk has dropped 1o less than 1 i 100 (Russell,
1991). The chances of contracting HIV from 4 blood transfusion are con-
stderably less than in the carly 1980s, when AIDS was first identitied.
Prior to 1985, when testing tor HIV in donor blood became widespread.
more than 4.300 persons were infected by the virus through blood transtu-
sions. From 1983 through December 1991, only 20 people have acquired
HIV through transtusions (Centers for Discase Control, 1992¢3. The risk
of HIV mfection from a blood transtusion has been estimated at from 1 in
40.000 to 1 in 150.000 per unit of blood transtused. depending on the
region from which the blood originated (Russell, 1991),

Safeguards against microorganism-contaminated blood unfortunately are
not foolproof.  As a result. doctors have become much more conservatinge
about using transfusions. Most encourage patients to contribute their own
blond prior to surgery whenever possible. and many doctors have sought
new alternatives to transtusions altogether. Auwtomated cell salvage tech-
niques that can be used either during or after surgery to recover, cleanse.
and return lost blood are one such alternative. Until the scarch tor an
etfective blood substitute is successful (several companies appear 1o be
close to developing a safe producty. protecting the blood supply and its
users from anfectious disease remains a top prionty.
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Complex invasive procedures, such as tissue or organ transplantation,
can also lead to nosocomial intection. The immunosuppressive drugs used
1o prevent the rejection of the foreign tissue or orguan have the undesirable
side effect of weakening the body s immune system. Often, these infections
do not involve hospital microbes but pathogens from the donor tissue or
pathogens that are already present in the recipient. Extensive testing of
foreign tissue prior to transplantation guards against transmission of most
such microbes. Latent agents, however, like the “slow™ virus that causes
Creutzteld-Jacob disease. are extremely difficult to detect and may be inad-
vertently transferred to the transplant recipient in the seemingly normal
tissue of the donor. Cases of HIV infection, hepatitis C. and CMV infection
resulting from organ transplantation have all been documented. as have
cases of Creutzfeld-Jacob. a degenerative brain disease. in recipients of
transplanted corneas and human growth hormone (Lorber, 1988: Pereira et
al.. 1991).

Hiattd Care DELIVERY

Changes in health care delivery over the past 20 years undoubtedly have
had an impac on nosocomial infection rates. Rising health care costs play a
key role. One cost-conscious health care strategy that appears 10 be contrib-
uting to the rise in cases of nosocomial infection is so-called industrial
management in hospitals. Industrial management is intended both to maxi-
mize the ratio of patients to nurses and to maintain pools of health care
workers-—particularly nurses—who can rotate frequently between two or
more units of an institution. From the hospital’s perspective. maximizing
the ratio of patients to nurses is desirable because it decreases health care
costs. At the same time. the practice can increase disease trunsmission by
reducing the time available for proper sanitation and increasing the number
of infected patients to whom a nurse is exposed.

Exacerbating the potential disease-producing quality of these problems
is the increasing bidirectional transfer of patients between acute care and
chronic care hospitals. The mixing of paticnts from acute care facilities
(who tend to be severely ilh with residents of chronic care hospitals {(who
tend to have decreased immung function owing to aging or chronic illness,
or both) is potentially risky. Compared with hospital-based programs. infec-
tion control programs in many long-term care facilities are rudimentary, at
best. Unlike hospital-based programs. there are no standardized criteria for
defining nosocomial infections in long-term care facilities: in addition, ad-
cquate studies designed to assess the efficacy of their surveillance and con-
trol measures have not been conducted. This state of affairs contrasts sharply
with such eflforts in acute care hospitals. which have received far more
attention and federal funding.
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The problem is likely to grow even more sertous with time, given the
Agency for Health Care Policy and Rescarch’s estimates that 43 percent of
all those who turned 65 years old in 1990 will enter a nursing home at seme
point in thewr hives (Ageney for Health Care Policy and Rescarch, 19900,

In xum. hospitals and long-term care facilities can no fonger be viewed
as xolated epidemiotogical anits but must be seen as part of a network of
paticnt care facilities. This network makes it possible for nosocomial and
community-aequired infections to be rapidly and widehy spread.

Privestion oF Nosocosiiat INFeetions

Studies show, surprisingly, that even under the most sanitary of condi-
tons, ondy about a third to a halt of all hospital-acquired infections are
preventable (Schacchter et all. 1989 Martone. 19901, Several tactors “stack
the deck™ against infection control efforts. Little cun be done to eliminate
most of these risk factors. which include age (newborns and the elderly
have limited tmmunity), severity of illness (related to length of stay. also a
rink tactor). and underlying discases (latent infections or immune deficien-
cies) thFreenuan and McGowan, 1978). Tacreased attempts at prevention for
high-risk patients may be the only weapon against infection in these cir-
cumstances.

Two recent approaches 1o controfiing hospital-acquired infections have
been remarkably successful: CDC’s 1987 “Universal Blood and Body
Flutd Precautions™ and hepatitis B vaccination. Under the universal precau-
tions. blood and certain body tluids of «ff patients are considered potential
sources of HIV, hepatitis B virus tHBV). and other blood-borne pathogens.
The guidelines are a revision of a 1983 document that recommended special
precautions (use of gloves and other protective barriers, and caretul han-
dling and disposal of needles and other sharp instruments) for blood and
body tluids of patients known or suspected to be intected with blood-borne
pathogens. The hepatitis B vaccine was ticensed in 1982,

Statistics demonstrate the impact of these two infection control mei-
sures. A recent study by the Hepatitis Branch at CDC documented a 75
percent decrcase in cases of hepatitis B among health care workers in four
sentinel counties between 1982 and 1988 (Alter ct al.. 1990). The study s
authors surnused that the decrease in cases was “probably a direct result of
immunization with hepatitis B vaccine and of wider implementation of uni-
versal blood precautions™ (Alter e1 ai.. 1990).

Although the hepatitis B story clearly can be counted as a victory tor
hospital infection control. new microbial threats are likely to surface in the
tuturc. Health care institutions are prime breeding grounds for new and
more virulent strains of organisms and may well represent one of the most
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important sites of surveiltance for new pathogens that will emerge to jeop-
ardize health in the future.

Food Processing and Handling

The potential for foods 1o be involved in the emergence or reemergence
of microbial threats to humans is great. in large part because there are many
points in the food chain at which tood satety can be compromised. This
chain of events begins wherever crops or animals are raised: it proceeds
through a complex system of manutacturing. distribution, and retailing and
ends with the use of a tood product by the consumer. Changes in any of a
number of aspects of the Tarm-to-consumer chain. or inattention to food
satety in general, can result in outbreaks of food-borne illness.

Although food containing viruses or parasites can cause illness (as can
chemical contamination). the majority of individual cases ot tood-borne
disease of known ctiology in the Umited States are caused by bacteria.
However, in more than halt of the outbreaks of food-borne illness. the exact
cause iy unknown (Bean and Griffin, 1990}, Although in many cases the
lack of an exact cause reflects an incomplete investigation. at least some
proportion of those outbreaks are likely to be the result of as yet unidenti-
ficd food-borne pathogens,

There has been a substantial increase in our Knowledge of food-borne
discases during the past 20 years. as reflected in an approximate triphing of
the list of known food-borne pathogens, An important component of this
increase in understanding s a better scientific grasp of the factors that
allow microarganisms. and bacteria in particular. to cause human discase.
Because of better methods of identifying food-borne pathogens. 1t has be-
come clear that only certain strains of a bacterial species may cause tood-
borne iflness.

For example. Eschierichia coli is part of the natural intestinal tlora of
humans: its presence in a water sample has been used as evidence of fecal
contamination by other pathogenic microorganisms. The majority of iso-
lates of £, coli pose no threat to humans as food-borne pathogens. Re-
scarchers. however. have identified five distinet groups of £, coli that cause
enterie disease. Based on the mechanism of pathogenesis of cach group.
they are designated enteroinvasive, enterotoxigenic. enteropathogenic,
enterowtherent. and enterohemorrhagic I coli (Archer and Young, 1988).
The ability to detect these pathogenie isolates has been greatly enhanced by
diagnostic tests that tdentity specitic virulence-related genes or gene prod-
ucts such as toxins, adhesins. and cell-surface markers,

Improved epidemiologic surveillance has also played an important role
in identifying microorganisms that cause food-borne disease. This was the
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case for four outbreaks of human listeriosis, a bacterial infection that oc-
curred in the United States, Canada. and Switzerland in the early 10 mid-
1980s. Careful monitoring of disease tncidence data by medical tacilities
allowed these epidemics 10 be detected. even though the actusl number of
cases was relatively low. Subsequent epidemiologic investigations impli-
cated cole slaw (Schlech et al., 1983 milk (Fleming ct al.. 1985), and solt
cheeses (Office of Federal Public Health, Switzerlund, 1988 Linnan et al..
198%) as the vehicle of infection. Of particular concern is that listeriosis,
caused by Listeria monocytogenes, is most often diagnosed in pregnant
wonen or their newborns and in immunosuppressed individuals, in whom it
can be tatal. The CDC has recently published recommendations for the
prevention of tood-borne listeriosis: for those at high risk (immunocompro-
mised individuals, pregnant women, and the elderly) the recommendations
cite additional foads to avoid (Centers for Disease Control, 1992h).

AGRICELTURAL CONDITIONS anD PRACTICES

Any change in the conditions or practices associated with the production
of agricultural commodities can affect the safety of the tood supply. A
virtually uncontrollable factor. like the weather. can have a substantial im-
pact. For example. drought can make grains more susceptible to mycotoxin-
producing fungi. and toxic fungal metabolites. such as atlatoxin. can threaten
the health of both humans and livestock. This particular risk has been sub-
stantially lessened by an ongoing U.S. Department of Agriculture (USDA)
program that monitors the status of major agricultural commodities. Once
identified. contauminated grain is destroyed.

New agricultural procedures can alse have unanticipated microbiological
effects. For example. the introduction of feedlots and large-scale pouhry
rearing and processing facilities has been mmplicated in the increasing inci-
dence of human pathogens, such as Salmonella. in domestic animals over
the past 30 years. The ose of antibiotics to enhance the growth of and
prevent illness in domestic animals has been questioned because of its po-
tential role in the development and dissemination of antibiotic resistance
(Cohen and Tauxe. 1986: Institute of Medicine, 1989). Approximately halt
the tonnage of antibiotics produced in the United States is used in the
raising of animals for human consumption. Thus. concerns about the selec-
tion of antibiotic-resistant strains of bactena and their passage into the
human population as a result of this excessive use of antibiotics are realistic
(Institute of Medicine, 1989), It is conceivable that surveillance of feedlot
animals for the development of resistant organisms might be a means of
early warming for the emergence of newly drug-resistant pathogens.,

Broad-bused socictal events indirectly related to agriculture may also
affect food safety. Recent concerns about bovine spongiform encephalopathy
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(BSLEY tllustrate this point. In 1980, in England. the combinwtion of increass-
ing Tuel prices and tighter restrictions on the use of organic solvents for
Hipid extraction led to changes in the processing ol oftal, the viscers and
triminings of butchered animals that are a major component of animal feed.
The new methods do not appear o inactivate satficiently the BSE agent. and
incredased incidence of BSE in domestic animals has been linked o oftal,
There iy considerable controversy. at Jeast in England, about whether the
BSE agent may also infect humans (Dealer and Lacey, 1990, 199]: K. C.
Taylor, 1991). To date. however, no human infections have been detected.

In addmon to moditications of traditional furming methods, the introduc-
tion of new types of agricalture can have an impact on the emergence of
mucrobial threats, Aquaculture and mariculture. For example. are rapidly
becoming important methods of producing fish and seatood. Yet there has
been relatively Tittle etfort to understand the potential microbial impact of
this new technology. As aquacuhture and mariculture farmers attempt to
mcerease their vields of freshwater and marine animals, the stresses of over-
crowding and overteeding create ideal conditions tor Aeromanas hvdrophila,
a common fish pathogen found in fresh and estuarine waters (Plumb, 1975;
Hazen et al.. 1978). Increasingly. A, hvdrophila, A. veronii (biovariant sobria),
Ao caviae. AL jundaei. A vrota. AL schabertin, and AL veronii (Blovariant
veroniny are heing implicated as causes of nosocomial, wound. waterbome,
and food-borne infections in humans (Daily et al.. 1981 Buchanan and
Palumbo, 1985: Hickman-Brenner ¢t al. 1987, 198%: Janda and Duffey,
1988 Carnahan ¢t al., 1989 Carnahan and Joseph. 1991: Joseph ot al.,
1991, Samuel Joseph. Protessor, Department of Microbiology. University
of Maryland. personal communication. 1992). These bacterial infections are
being found in immunocomprontised individuals and those in otherwise
poor health (W, AL Davis et al, 1978). Although there are & number of poten-
tial sources of infection with Aeromonds species, aquaculture and maricuiture
are probably the most common sourcees. since the incidence of these organ-
isms in the products of these agricultural methods approaches 100 percent.

The use of human and animal fecal material to enrich pond cultures in
parts of China and India raises additional concerns about the safety of some
imported aquaculture products (Ward. 1989). Such practices may enhance
the spread of pathogens transmitted by an oral-fecal route. In the Calcunta
region of India. where this method of enrichment is used to raise prawns, a
high incidence of non-O1 Y ithrio cholerae contamination has been reported
(Nair et al., 1991).

Foon PRocessinG asn Preservarios Teonsoroaies

The application of new food processing and preservation technologies
can have unexpected effects on the microbial safety of toods. Something
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as simple ax a change in pachaging can be important. For example, plostic
overwraps for packages of fresh mushrooms were introduc. d in 1967
because they enhanced the keeping-quality of this highly perishable food.
It was soon discovered, however. that the respiratory rute of mushrooms
is ~o dapid thate even with o semipermeable plastic film. the oxygen in
the pack is quickly depleted. This produces an anacrobic environiment per-
fectiy suited to Clostridinnm botufinun. the neurotoxin-producing bacternum
that causces botulism (Sugivama and Yang, 1973y The problem was
remedicd by punching two holes in the plastic ilm, which alfowed sufti-
cient oavgen transfer o prevent the growth of anacrobes and still per-
mitled enough carbon dioxide accumulation to retard spoibiage (Kautive ¢
al.. 1978),

Another example comes from China. It appears that the transportation of
brined musbrooms in plastic bags in that country provided conditions fuvor-
able to the growth of S. qurens (Hardi-English et al.. 19900, The resulting
presence of staphylococcal enterotoxin brought a halt twhich is still in foree)
i Novemoper 989 1o the importation of Chinere mushrooms into the United
States.

New food preservation methods. such as moditicd atmosphere packaging
(MAP), are beimg used with more frequency as ULS. consumers demonstrate
a preterence for frevh food products that have a minimum of processing and
preservatives. MAP uses combinations of gases to suppress acrobic spoilage
hacteria that create unpleasant odors and Havors (Seideman and Durland.
1984y, Unfortunately. these gases muy not discourage. and may even en-
courage. the growth of other pathogenic microorganisims that are not detect-
abic by smell or taste (Post et ad.. 19830 Himthan and Hotchkiss, 19806,
PIRT: Berrang et al, 19890 Ingham et al.. 1990 Wimptheimer ot al.. 1990:
Hart et al.. 1991,

One technology for ridding foods of microbial contaminants is 1onizing
irradiation. This approsch was used for many vears to sterilize medical
cquipment and supplies: ot fow doses. it can eli ninate or control pathogenic
bacteria, fungt, protozoa, and helminths in foods (Thayer. 199M, The tech-
nology is also highly effective for insect disinfestations. lonizing irradiation
to pasteurize or sterilize foods has been recommended as an eftective tool
for the control of food-borne diseases dJoint Expert Cemmittee on Food
Irradiation. 1950 Council tor Agncultural Scienee and Technology. 1986:
Thaver. 1990} It has been approved tor various applications in more than
30 countries: this includes, recenty. approval for chminating in 2cts from
frats, Trichinella spiralis from infected pork. and Safmonella from raw
poultry. One of the unique characteristics of irradiation s thai the appear-
ance ol toods processed in this way is not altered. Mach of the controversy
over the use of trradiation is the result of the misconception thae treated
foods are radioactive. Extensive research has unequivocally demonstrared
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that there is no induction of radtation in toods that are treated with isotope
sources of ™Co or PUCs xoray sources of up 1o 5 million electron volts
(MeV), or aceelerated electron beam sources of less than 10 MeV (Koch
and Eisenhower, 1967: Becker, 19833 Tt should be noted, however. that
irradiation 1> not 1 panacea. In dairy products, which contain Hpids sensi-
tive to oxidati-n, for example. taste ts affected. Furthermore, the wechnigue
is generally considered much less effectise for mactivating viruses, con-
pared with its effectiveness with bacteria and other more complex patho-

cens te.g.. fungi),

DivoorArHICS

There are several imporiant, oncoing demographic changes in the United
States that will have direct and indirect offects on the emergence ol new
tood-borne microbial discases Foremost is the fact that. at feast through the
carby twenty -tirst century, the population increasingly will be composed of
the elderby. a zroup particularly susceptible to food-borne pathogens.

Population ¢xpansion and the accompanying demands on infrastructure
can abso aftect the safety of the tood supply. For example. when estuarine
arcas are developed for residential or recreational purposes. water treatiment
capacity often lags behind requirements imposed by the population increase.
In some cases. potentially dangerous viral and bacterial pathogens are re-
feased ieto the water from sewage cefffuent and storm-drain ranott, where
they are concentrited by shelltish and subsequently harvested and consumed.
often with minimal processing. The closing of shellfish beds because of the
presence of these pathogens has become a major public health and eco-
nomic issue in g number ot coastal regions, The problem is compounded by
poaching from closed beds. Methods for testing water tor human cnteric
viruses fe.gl hepatitis A and Co Norwalk vives, and cadicivirusesy currently
are inadequate (he titote of Aedicine. (99 1h).

Cosst ek A e nes v Brinvior

fn gencral, particularly in the developed weorld. the public expects s
food supply to be sadel To a great extent this expectation has been met
through the ~afe manufacturineg and distribution ol prepared foods. The
extent o rraining that individuals meceive in proper food handling and prep-
aration ¢ declining. Oy ing to changes in tamily structure and the roles of
women. home coonot, courses wre being deemphasized in schools, and
the use of convenience foods and dining out is increasing. With these o angos,
assumptions abut food safeny may lead 1o complaceney. Consumer riatten-
ton to approprizte steps for maintaining food safety in the home caver Wy
overwhelm safeguards built into food production and processing.
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Cost R

Thstoricallv. moest foods huive been produced and consumed Tocally
The mernatonalization ol the food ndustry smee World War HL made
posstbie by the advent of retriverated freighters, has chameed this cimple
relationships Now dresh truss and vegetables that proviousty would hae
been wvarlable for ondy o ftow weeks cun be obtmined Wb vear tony
Wide-scale mmportation of tood products has greatly increased dictary op
tions for many consumers. At the ~ame tume. there s concern that these
Toods may come trom regions an which hvetenie praciices e not o
a par o with those e the Umited States. Wath this concern i maind, the
mevement of the South American cholera epdenme mto NMevcn s bemne
monitored closely by USC public health otticials, sice Mevaco sup
plies the Umited States with minch of s fresh produce duriny the wintes
months.

International trade has become sopernvasive that soe virtuadhy smpossible
to sereen most ot the food entering the countiy tor known micrebiad hay
ards. Tet dlene tor new microbiofogmical threats, This siwation s ke 1o
continue as political agrecments remove barriers between tading pasiners,
There is already virtoally unrestiicted movement of foods amony the mem
ber nations ot the European Economic Conmmunity . tor example, Simitlarty
the ULS.-Canada-NMexivo tree trade agreement as frihehy 1o dead 1o reducaed
inspection of imported foods. aosabject that s currently bemng hotly debated.
For toods entering the Untted States. as i Furope. there s hikels 10 he
incredsing rehance on inspecttons conducted by the country of origin. This
will necessitate the tuther development and implementation ol anterna
tonad standards, such as the Codey Almentarius of the Jomt Foed aid
Agvrorharal Orgamization/Workd Health Oreanization Food Stundards
Procramme.

Internationad commeree can wttect Tood safety. even when the tood iselt
is not bemge transported, This was the case in a0 FUSO outbreak ot shelitish
related paralyvtic porsongs in South Australiy and Tasman, The poison
ings wore catsed by Mevandi i catenellos Ao and Gropinosloicam
catcnating, three dinoflavctlate species not nonnally tound in that part of
the world, These manne plankton, which produce potent seurotonms, are
concentrated by sheltfish o as they tdter parbculate natter trom scavater
The tovins do nor atteet shellfisde but they can canse senous neurelosicad
problems when consumed by wari-bloaded ammiads. The DRelv ~omee ol
the orvanisims was the afoe water of ocean voiny trachiers Taopaeatly,
bilge water as changed while ships are i porte releasing the microscopi
stovaway o Swdies hase indicated thar entire mmature coosvstems are
rransported around the world i this manoer (Halleeractt and Bolch, 1991,
Jones. U9,
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Pyvr o Foon Prerakvion

New dietary futbits also have had animpact oo discase coergence Innng-
gratton to the Unnted States, i particudar, the setanivedy recent hieavy ainfius
ol peoples from Latin Amerca and Asie has ntoduced nuny £0S gese-
dents o new toods. Althowieh popular, some of these toods. o the wunvs
which thes are prepared. con caase discase as @ reselt of contammation by
any number of organisms or thewr tovie byproducts. Ceviches raw seatood
served o lemon quice - cand sushi s sadood and nice wrapped inosea-
weed —are perhaps the most obvious exvanples ot ethoe foods that hine
been assoctated with discase wansitission, 1 most cases cansed by antesn

nal worms chehmimths g,

Frichsosgy

Trichinosisg o gencradly sell-timiang but potentiably fatal discase caused
by an intestingd roundworme that migrates toowd enovsts 1 srated moscle
tssue, can be contracted from improperls prepared tood. Frchimosis
mcidence i the Untted States had dectined aearly every yvear since 1947
tBatley and Schantz. 19905, A aoresultmandy of o single farge outhreak of
terchinosis, however. the mcidonce of the discase increased in 1ovo. The
Largest recent outbreak in this countey occursed when uncoohed, contame-
nated commercial pork sousage was consumed at o wedding reception.
Ninety dividuads, most of whom were Southeast Asian munerants who
customaredy cat ran sausage, developed trichinoss iCenters for Discase
Control. 1991, Although the majority oF canes of nchimosis sull result
from cating raw or usutficiently coohed commercial perk. consumption of
insufticientls trozen or cooked wild came. particularly wabrus and bear. has
been mereasigly associated with the discase, at least sinee TO73 (A e Auley
ctal, 1901,

Airisakranis

Cuses ot human ansakiasis, o food-borne discase. geacrally e caused
by cither of two species of nematode wormise Pacadetcrranovi decipicns
and Anisakiy sompley. commonty referred 1o as codworms and hevmng worms,
respectively. Adult worms are found in marme mammabs and release cegs
that hatch moseawater: they are ingested by kel which are catenin tarn by
squid or fish, Lanval-stiage worms penetrate the bowed of the tish and ency st
in the muscle. Humans contract anisakiasis by cating raw o1 partiathy cooked
seatood contaiming nematode Tarvace.

Anisakrasiy ovcurs most commonhy in people bving i voastal arcas oy
arcas inowhich the consomption of raw tish s coustomarny . The tish most
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often responsible for amsakiasis are cod. pottock . huhibut. rocktish, thathish,
macherel, salmon. and herring. Although only 30 cases were documented i
the United States from 938 1o 1988 (MeKerrow et all, TYSX) these figures
probably underestimate the actuad madence ot ansabasis, which s not a
reportible disease. In countries in which the consumption ot raw scatoad s
common, anisiahiasis s more prevafents e 1984 i Japan. for example,
34T cases were reported (Oshuna, TOR700 Wath the current 1S trend o
cnvourage more people o car fish for dictany reasons s aimportant that
the consumer be remmded 1o thorouehly cook the Bish o prectade micection
with nematodes, such as those that cause anisakiasis,

Water Treatimment

Water that i~ untreated or that does nat recenve adeguate processime cui
pansmit infectious agents, such as bactersa Wbvro cholerac. Saiviondtla
rvphie. enterotonigenic Facheriehia colnyoviruses chepabis A svras and othes
enteroviruses. roliniruses, Norwalkh sastroentertis viruses) and protozoan
parasiies (Giardia larablia, Crvprosporidoon. Erdgnrocha histolyvieay. A pr
mary source for many ol these pathogens s fecal contamination of souice
water that s sobsequenthy madequately treated. or sivlar contanination
atter treatment, Leahage of wastewater trom septic fanks and other sewage
disposal facitities o groundwater van alsa transnit intection. Fortunately .
most water used 10 this country s etfectively processed by mmmapal wager
treatment tacibittes,

In some instances, water s not treated. This s often the case with water
from private wells or from patural springs. In 1USY Tar example. an ot
break of some Y00 cases of gastrocnterttis occurred ina nesw resort coimu
nity o nertheeentral Arzona, An unestication revedded that the source o
the outbreak was tap water obtamed from o deep well an the resort prop
ertv. A Norwalk-lihe virus was apparently mtroduced mto the well byoa
tastty ~ewage treaument factliny nearby s whose untreated sewage passed
through Tractures m the sandstone and hmestone hields sarroundime the weld
thavwson et al. 1991y,

Water used tor recreational purposes can ilso be the source of watay
horne mtecuous discase outhreaks. caused by pathozens such as hepatines A
virus (Brvan et all 1974y or Shieella iBlostemn, 19910 Partcabrhy e the
southwestern portion of the United States. water used for reereition
creasinghy s actually rechumed wastewater, Wastesater treated 10 remnve
undesirable orranic and inorgame contamimants s also bemng used tor
gatton. andustrial processing. and nonpotable restdential cwatenimg Lanens
and trees, ket flashing) and commuercral teolt coarses: tor examples apply
cations. Inadsertent ingestion of reclamed water. which has undergone the
wame hasie treatment as potable water tincluding disinfection). s not Iikelh




FACTORS IN D MERGENC "/

to cause waderborne discase. Rechiimed water used tor domkiny s more ol
a convern because of residual contammation,

Not unexpectedive the higher the quahity of source water entening water
treatment tactiines, the casier 10 s to produce sale water tor dimkimy Un
tortunately . high-quatiy sources ot potable water wre imcreasmely ditticuht
to docate and muaintwin, This s especiadly e tor arcas that depead on Lape
watersheds, suchas the Nississippr and Olio rivers, whieh are otten polluted
with chenucabs and tiological wastes. To treat such polluted water adequatels
puts o hemy burden o water freatment plants. e many urban areas, the
destgned capacities of munivipal water treatiment tacibities are bemy chal
fenged by the growth i population: i addition. cquipment or procedural
breakdowns may allow inadequdatedy treated water 1o reach the consamer.

Outhreaks of waterhorne discase i the United States are uncommon
becitse of the gation’s extensove pubhe health intrastrociure. Public bealhth
authorives, however, are espeaially nundiul ot poiential outbreaks tollow
my natural disasters, sach as carthquakes and hurmcanes, that can lead to
contiamimaton of muanicipal water supplies,

FECONOMIC DEVELOPMENT AND LAND USE

Dam Building and Rift Valley Fever

Unul relatively recemy Ritt Valley fever, which s caused by oo mos
gquito-borne virus, oceurred onby o Afrca south of the Sabara and was
primanty a4 discase of sheep and cattle. Penodic outbreaks were prevalent i
South Adricas Fanzania, Kenvae and. during the mid- 197050 the Sudan.

The first magor outbreak of human discase occurred in BEgyptin (977, An
estimatted 200,000 people became sick. and 398 died (Mecegan and Shope.
TON T Death was usually associated with acute hemorrhagie fover and
hepatitis. The outhreak also caused ubartons 1 sheep and cattle, which
resulted in o drasnie shortage o red mear i the Cairo marketplace.

The Exypnan epidemic has been linked by some 1o the construcnion of

the Aswan Dame Completion of the dam. in 19700 required  that 800,000
hectares of rechumed tand be flooded. The dam stabilized the water wble n
the Nile Vadiey . which caused water 1o puddle wnd 1o serve as brecdimg sites
tor mosquitoes. The mosquitoes. i turn. gy hay o ottered o conduit for the
virus to enter Egypt from Sub-Saharan Atrvica. although tis has never been
proven.

Avareness of the possible association of Riit Vatley fever with the ceo-
fogic chiange tolfowing completion of the Aswan Dam Jed seieniisis ooy
annne the potential for outhreaks of the disease in other areas of dam
construchion. Onie such eftorts started i 1977 by the UUS) Avency Tor Inter-
national Development (USATD). focused on the Diama Dam. then under
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construction i the Senceal River Basn. Althoueh Rie Valtey tever had
never been recognized in the region, surprisimgly, a third of the Tocal adalt
inhabitants were found to have antibodies 1o the virus ¢ hireet]l et al | 1usS),
The pattern of nfection indicated that the discase was endenne. Simtar
studies at the Tnsttut Pastenes Dabars reveaded widesprewd exposure 1o the
virus amony people and domestee aimimals i Mah and Maunitania, two ot
the countines bordering on the Senegal Rivers Barly i 19870 the imstitute
warned ot “a potentr mportnt sk ot aaplitication ot the vires
relation o the nugration ot domestic anmal herds and human populanions”
i southern Maurttana (b igoutte and Peters. T9N9y

Later in TUNT O atter the Drama Dam o was actnvated. an eprdennc ot Ratt
Valles tever occurred near the villuge of Keur Macene, gpstream from the
new dam. The eptdemic was assoaated with abortions m sheep and cattle,
and severe human disease 1 1.26:48 inhabitants, There were 244 deaths ouan
ot al.l TOXS). The association of this eprdemic with prior construchon ot a
dam paralicted the experience i Egypt 10 scars carlier. Whereas o Eoyvpr.
Rift Valley fever virus was imtroduced into an ammuanologically virem
poputation. e Mauntania it was almost certannly endemie 1w people and
fivestock living near the site of the dam. Prior o TUR7 . the virus Caused
cither mapparent infection or more serious discise 1 too fow people to he
recognized. Once the dam was activated. however. the ceology changed.
Nonmmmune people and their domestic animals who were already i, or
entering, the dareas became infected. Under these nvorable circumstances,
the disease rapidhy reached epidemic proportions.,

Mosqguitoes mdigenous o both Europe and North America are poten-
tiatly capable ot transmitting the Rift Valley tever virus. In Egypt. the virus
demonstrated its capacity to be transported. and in both Egypt and Maurn
tanta. the virus was able 10 cause epidennes when ccological changes ta-
vored mosquito breeding, In the Uited States. the virus could enter i the
blood of an intected peeson or by way of an anmal miported mto a wildhte
park or zoo. This s an admitted!y unlikels possibibity s pesertheless, should
Rirt Valley fever virus become established in vectors in this countiy s
control would require expensive, integrated efforts mcludimy saccmation ot
domeste livestock and oxtensive measures to kil vector mosquitoes.

Reforestation and Lyme Discase

The cmergence of Lyme disease. caused by the spirochetal bacterium
Borvelw buredorferi. i~ intumately tied 1o changing fand use paterns that
date back over the past two centuries. Early in the 1RO0S, the castern United
States was rendered virtually trecless when vast tracts of famd were deared
to mahe way for agoculture Qorgenson, 19710 Cronon, 198 3. Detorestation
was enhanced by the prodigious quantities of wood needed tor domestic
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fuct - av much as 20 cords were required cach vear tor o New England
home heated by open fireplaces. Additional wood was converted into char-
coal for smeluny ron and manutacturing ghiss. As the forests disappeared.
so. oo, did the deer population,

During the nud- 18005 agriculture i the United States began i mona-
mental transttion westward 1o the Great Plains, and the resutting abandon-
ment of tarms soon caused vast portions of the East to be retaken by farest.
Unhike the retatively apen primeval forest, however, this new woodlund
was choked wath undergrowth and contained no predators farge cnough o
regulate deer populations. Indeed. reforestation was so rapid that by 1980,
the region was blanketed by four times as much woodlund a.in 1X60. when
less than a guarter of the land was forested (Thomson, 19775 Not surpris-
ingly. deer tn the eastern United States proliterated as their woodland habi-
tat increased {Spielman. 19885 This rehound commenced during the carly
1900s and became explosive during the past decade (Southeastern Coopera-
tive Wildlife Discases Study. 1922-1988),

At the same time that decr populations were increasing. people began to
visit and to hive i forested. rural arcas. o trend that continues today. The
resulting proximity of people. mice. deer. and ticks promotes human infec-
tion by the Lyme spirochete. This microbe iy transmitted by the bite of
certain Lvades ticks isee Figure 2-3). The detinitive host tor these vectors is
deer: the reservoir tor the pathogen is the white-footed mouse.

Lyme discaxe is now the most commuon vector-borne discase i the United
States. Cases of Lyme disease have been ceported in all 30 states: 13 tates
reported more than 100 cases in 1990 (see Figure 2-3). Since 1982, 40,108
cases of Lyme disease have been otficially reported to the CDC (D). Dennis,
Chict. Bacterial Zoonoses Branch, Centers for Disease Control. personal
communication. 19923 Diagnosis of Lyme discase i~ so frequent an oceur-
rence tor physicians who practice in arcas in which transniission is intense.
however, that many fal 1o take the time to report cach case, and reporting
efficiency within an endemic site tends o decline with time. For this rea-
son. the official tally of cases of Lyme disease in the United States should
be vicwed as a highly conservative reflection of the actual state of atfairs,

Lyme disease was originally called ervihiema migrany or crvthema
chronicum migrans because of the distinetive rash that migrates from the point
at which the infecting tick attaches atself. Throughout the first halt of the
twentieth contury. the condition was rarely seen and was diagnosed solely in a
few residents of forested parts of northern Europe (Atzelius, 1921),

In the United States. the first case of what would fater be called Lvime
discase was reported g resident of Wisconsin in 1969 (Scrimenti. 19709,
Retrospective studies have since identified an even carlier apparent case,
acquired in 1962 on Cape Cod in Massachusctts (Steere ¢t al.. 1986). The
first recognized outhreak of Lyme disease occurred ia coastal Connecticut
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FIGU RE 2-3 Lae oyvele of the Lvme disease tick, Dvodes dammin
SOURCE: Spichman et al.. F985 Used with pernission,

e 1975 (Steere et al, 19773 In Y75 and 1976, 51 people Tiving in and
around the town of Old Lyme. Connecticut, suffered from a conditton that
was tentatively diagnosed as juvenile rheumatoid arthritis and later as Lyme
arthritis. 0 recognition of the focus of the epidemic. The Iimk between
Lyme arthrits and ervthema migirany was established snothe mid- 1970«
(Steere et al, 1986). In recognition of the enlarging spectrum ot the discase.
the term Lyme discase soon replaced Lyme arthritis.

Because Lyme disease imnalfy was thought to be endemic only in south-
central Connecticut. travel to that part of the country was considered. until
the carly 1980~ 10 be an essential eriterion Yor diagnosis. Thus, residents of
other states who presented with symptoms consistent with Lyme discase
were not diagnosed as such unfess a redevant travel history could be docu-
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mented. The tronie result was that Lyme disease was not considered 1o have
occurred in Massachusetts until the case eniterie were changed in 19820 This
confusion resulted in an mordinate number of diagnoses of spider-bite duy-
ing the 1970s, before these shin fesions were correctly attributed to the bites
ot spirochete-infected xodes ticks.

Once deer and infected ticks become well established in a populuted site,
the risk of human Lyme discase increases rapidly. Such was the case in the
New York vacation communities on Fire Islund. which became notorious
toci of Lyme disease during the late 19705, registering an annual incidence
of about | percent (Hanrshan et al., 1984). A similar rise in cases occurred
between 1975 and 1983 on Great Iland. Massachusetts, where the annual
incidence came to exceed S percent (Steere et al., 1986). An epidemic out-
break in Ipswich, Massachusetts, began in 1980, the vear after Lvodes ticks
were first discovered on the carcasses of deer. By 1986, the annual inci-
dence of Lyme disease in that community came to exceed 10 percent (Lastavica
et al., 1989), Similarly explosive growth in the trend of human cases of
Lyme disease has been noted elsewhere. particularly in parts of New York,
New Jersey, Pennsylvania. Wisconsin, and Minnesota.

_ Zero cases L3 501-900
i 1-200 3 so1-1200
® 201-500 > 1200

FIGURE 2.4 Distribution of Lyme discase i the United Sttes, 1991,
SOURCE: D. Demwis, Division of Vector-Borae infectious Discases. Centers for
Disease Control.
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Epidemic Lyme discase is an increasing probiem in Europe, tueled by a
post-World War 11 trend of reforestation and proliteration of deer. Epidemic
Lyme disease was first diagnosed in Europe in the mid-1980s, a few years
after the epidemic was recognized in the United States (Matuschha and
Spictman, 1989). Reports of Lyme disease in Europe rose rapidiv. unnl by
1988, twice as many cases were reported there as in the United States
(Matuschka and Spielman, T[98 At least 1000 new cases occur annuadhy
in Sweden Jaenson, 1991, and similar icidence levels have been reported
in Switzerland and Austria. The comparable annual estimate of new cases
tor Germany is much higher—between 300000 and 60.000 cases (Matuschka
and Spichuan. 1989y, Indeed. Borrefia-specitic antibody i said to be detect-
able in some 7 percent of German restdents. This extraordinarily high fre-
quency of Lyme disease may be related to the large number of Central Euro-
peans who live in forested areas and visit the forests for recreational purposes.

Lyme discase has been reported tn many temperate parts of the world.
including northeastern China, Japan. South Africa. and Austrabia tJuenson,
1991). Unconfirmed. anecdotal reports of Lyime disease have been received
from tropical Atrica and South America.

A variety of etiologicatly distinct infectious agents are transmitted by the
same ticks and maintained in the sume rodents that perpetuate the agent of
Lyme disease (Spielman. 1988). in the United States, babesiosis, a malaria-
like disease caused by Babesiv microti, has been diagnosed m people living in
or near the same arcas in which Lymie disease is prevalent. In human hosts.,
both of these infections can be fatal. Simultancous infection is common.

Global Warming

Although it is still a controversial issue, the potential effects of global
warming on discase transmission must be considered. This s particular]y
true for diseases caused by mosquito-borne viruses, since temperature in-
creases in cooler climates mayv enlarge arcas suitable for mosquito breeding.
Unfortunately. it is currently impossible to predict accurately the effect of
warming on disease emergence. This does not mean. however. that the issue
shouid not be addressed. It is thus disturbing to note the apparent Tack of
interest in global warming as a possible contributor to pubhic health crises
on the part of funding agencies and environmental groups.

According to the best estimates obtatinable from mathematical modeling.
the earth’s temperature could increase by as much as 5°C by the yvear 2050
{National Research Cooncit, 1992). Should this occur. the distribution of dis-
ease vectors and the organisms they transmit might very well change. Re-
search has shown that replication of virus in the mosquito is temperature
dependent (Hardy et al., 1983 A warmer planet would fikely enhance the
transmission of some viruses, while slowing or halting the transmission of
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others. For example. in the western United States. the geographical distribu-
tion of St Louis encephalitis virus might expand north o arcas i which
transmission ypically is blocked by cool temperatures thess et al.. 1963). At
the same time, the range of western equine encephalitis vicus might shift from
the southern part of the country northward, to cooler. more wemperate habitats,

Othier possible effects of global warming. such i~ increased precipitation
or a nise in sea level, could attect the distribution o vectors that rely on
water 1o complete their lite coveles. For example. some mosquito species
might alter their range and thus come into contuct with new viruses or
hosis: other species might become extinet in certain areas.,

A change in climate can also atfect the survival of infectious agents,
particularly viruses, outside their hosts. Humidity can favor or hinder the
transmission of pathogenie agents. The scasonality of some human viral
discases (such as influenza Ay may be due to chimatic actors that exert an
influence on the organism. its hoste or both: sudden alterations in the clhi-
mate could dramatically affect disease meidence.

The ability of infectious agents to adapt to changed conditions is consid-
erable. Whether global warming occurring over an extended period of time
would have any appreciable effects on these organisms., their distribution,
or their ability to cause discase is unknown. Based on current knowledge,
however. this commitiee believes that the impact of population growth (par-
ticularly whien it leads to high population density) 1s Tikelyv to have a more
predictable effect on the emergence of intectious diseases than the projected
changes in global temperutures.

INTERNATIONAL TRAVEL AND COMMERCE
Travel

Travel, which involves the movement of people and microbes from one
region ta another. has always contributed 1o the emergence of infectious
discases. Whether new discases emerge depends on the novelty of the mi-
crobe being introduced. its transmisstbility. and the existence of an environ-
ment suitable Tor maintaining the disease and ity agent. Tt is important to
distinguish hetween transient introductions or acquisitions of novel dis-
cases. which are common, and the estabiishment and propagation ot 4 new
pathogen, which are rare. Two examples of such establishment are sy philis
and smallpov. According to the view that is still most widely held, syphitis
is helieved 1o have heen introduced into Europe by sailors returning from
the New World (Ampel. 1991, European explorers are believed to have
introduced smallpox to the Americas (Crosby L 1972).

Until its global cradication in 1977, smallpox was trequently spread by
travel. In 1940, nine years before the disease was eradicated in the United
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States. there were nearly 2,000 cuses reported in this country (Fenner et al..
1988), all of which occurred in or were the result of transmission from
infected foreign travelers. The same pattern holds for dengue (see the cur-
Hier discussion), which s currently hyperendemic in parts of Asia and the
Caribbean. In 1990, the U.S. Public Health Service (PHS) reported 102
suspected cases of imported dengue. although only 24 cases could be con-
tirmed (Centers tor Discase Control, 1991¢).

Muany other diseases common in other countries are periodically introduced
into the United States by travelers. Lassa fever, an acute viral iflness, is en-
demic to West Africa. Tt first came to the attention of U.S. health officials
because of a series of epidemices in Africa between 1969 and 1974 (Carey et
al.. 1972 Monath et al.. 1973 Fraser et all, 1974 Many of the original out-
breuks. including almost all of the secondany cases. imvolved health care per-
sonnel who had cared for infected patients. The best known ol these instances
was an outbreak at an American mission hospital in Jos. Nigeria (Frame
et al.. 1974y which ts the subject of & popular book, Fever! tFuller, 1974y,

Because Lassa tever is endemic to parts of Africa. sporadic introductions
into the United States by travelers returning from that country are likely (see
Box 2-5). However, since the virus is maintained in a rodent species not
normally found in the United States. it is unlikely that the discase will become
established in this country (barring the vmergence of a suitable rodent host in
the United Stites or changes in the host range of the virusy, Nevertheless.,
cach imported case of the disease has the potential to be tollowed by sig-
nificunt number of secondury infections among close contacts.

Mararia

Malaria. considered one of the greatest contemporary Kitlers among in-
fectious discases. is no longer endemic to this country but is one ol the
discases that i most trequently imported. The CDC reported 1173 im-
ported malaria cases in 1991 (Centers for Discase Control. 1992by. Figure
2-5 shows malaria incidence data for 1930 through 1990, During this pe-
riod. there were four major peaks of malaria, including one that began
1980, During this latest peak. virtuatly all of the cases were impaorted.

Blood transtusions are an occastonal source. Spread ot the discase as o result of necdle
sharing by hieromn users led to s outbreak of 47 cases an California i 1971 chniedman o sl
19731 In addition, two imported cases in 1990 were wtrogenic, occurrmy i paticnts with fate
stage Lyine disease who went to Mevico for malaciotherapy, Malariotherapy s not recognized
tn the United States but s avalable in some toreign countries as an snconventional treatmient
for sprrochetal mtections teog o syphidis and. i tus cises Lvime diseaser i which patients are
mocufated with blond contammy Plavmaodium vivay, one ot the tour species of nradarna paa
sttes (Centers tor Discase Control, 199020 The fever resulizng frome the onfana intecion i
supposed to cure the indivrdual by Kitiing the sprracheres, but serentific proot of the ettioencs

ot this procedure has not been demoenstrated.
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BOX 2-5 Imported Lassa Fever

In early 1989, a4 man who had visited Nigenia for a funeral became sick
after returning to the United States. The patient was a 43-year-old me-
chanical engineer living in a Chicago suburb. Shortly after his return from
Nigeria, he walked into a health clintc complaining ot fever and sore throat.
The arca was in the midst of a winter intluenza epidemic, and he was
advised 1o take acetaminophen for the fever but was not otherwise treated.
The symptoms worsened. and when he returned three days fater, swollen
Iymph nodes and a phlegm-covered throat were noted. for which he was
eiven penicilling Five days later. his condition had deteriorated: his symp-
toms now included bloody diarrhea and tacial swelling, and he had cf-
evated hver enzymes.

An attentive specialist who saw the patient at a local hospital suspected a
viral hemorrhagic fever after reviewing the patieat’s history. That history
revealed that the patient had been in Nigeria for his parents” funerals until a
few days before his illness began. His mother’s death. of a febrile iliness.
had occurred two weeks before the patient’s symptoms appearcd. and was
followed by his father's death from a similar illness 10 days later. The
travel and discase history made the clinician suspect Lassa fever, a discase
known to be endemie to Nigeria, and he calied the CDC in Adanta. The
CDC was later able to confirm the diagnosis of Lassa fever by virologic
methods. Ribavirin, the onty drug presently available {or this infection, was
ordered for the patient. but he died of cardiac arrest before the drug arrived.

A tota] of 102 people had come into contact with the patient when he was
likely to have been infectious. High-risk contacts (in this instance, immedi-
ate family who had had intimae contact. washed soiled linens, and shared
utensils) were also placed on prophylactic ribavirin, Medium-risk contacts
included a laboratory technician. the patient’s nunse. and a physician who
was not wearing gloves when he inserted an intravenous line into the patient.

None of the contacts became infected. a somewhat unusual circum-
stance in the case of this discase. The patient was undiagnosed for almost
two weeks, during which time the virus could bhave been passed to the
patient’s care givers, to other natients of these eare givers, and to family
members. Transmitted primarily through direct contact with the blood or
other badily (luids of an infected person, Lassa has been suspected in some
cases 10 be spread by airhorne transmission. Had this been true in the
Chicago case, the number of direct and indirect contacts in Jdanger of con-
tracting the discase could have been much greater.

The case with which people can travel around the world today means
that “exotic™ discases can move just as gquickly. Physicians must be con-
sistently aware of mfectious diseases that originate in other parts of the
world, and vigilant about obtaining a travel history for patients with undi-
agnosed illness, especially il it is accompanied by fever.

SOURCE: Holmes et al.. 1990,
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FIGURE 2-3 Incidence of malaria in the United States. by vear, 1930-1990.
SOURCE: Centers for Discase Control, 1991h,

Until the mid-1970s, most cases of imported malaria in the United States
oceurred in war veterans who had acquired the discase while on overseas
duty.

Outbreaks of nonimported tindigenous) cases ot malaria, which appear
1o he associated with infected migrant workers, have occurred in southern
California (mostly in San Dicgo County) and Florida (Branati et al., 1954:
Centers for Discase Control. [991f). These outbreaks have been small and
so far refatively isolated, but the potential exists for the discase to become
reestablished i the United States. since competent mosquito vectors are
present in abundance. In fact. secondary cases in local contacts of individu-
als with imported discase are periodically recognized (Maldonado ct al.
1990 Centers for Discase Control. 19911

In the arcas of Califormia and Florida where malaria outbreaks have
oceurred. santtary facilities and housimg are often substandard, a fact that
can complicate vector-control efforts as well as medical treatment. Finding
and treating illegal migrant workers infected with the malaria parasite arc
especially hard. The demand for cheap migrant Jabor and the himited avail-
abihity of housing and health care for these workers may mean that the

‘—




FACTORS IN EMERGENCE &1

scenarios in California and Fiorida will be repeated i other areas of the
country, One recent report documented two cases of malaria in New Jersey
1n which neither individual had traveled outside of the state (Malaria Branch,
Centers for Disease Control, unpublished report, 1991). States in the South-
west and along the Gulf of Mexico are at particufar risk for malaria because
of their proximity to the border with Mexico. where many of the illegal
immigrants gain access to the United States.

Commerce

The international transportation of goods has indirectly led to the emer-
gence of @ number of infectious diseases. Most often it 1s not the goods
themselves that pose the problem. Rather, it is infected animals in the cargo
hold of a plane or ship, or bilge water contaminated with potentially patho-
genic microbes that can hitch a ride from one part of the world to another.
As discussed later in this chapter. the current cholera epidemic in the West-
ern Hemisphere appears to be the direct result of mternational shipping.
Transportation also played a significant role in the emergence of plague in
the United States in 1900 (see Chapter 1),

YViruses are a particular problem because of their wide distribution. the
ecology of their vectors, and their potential tn cause human discase. The
current fateraational Catalogue of Arboviruses (Karabatsos, 1985) lists more
than 00 separate viruses, about a fifth of which are capable of causing
human disease. In general. viral discases are hard to diagnose becuause of
their variety and the ditficulues associated with working with them in the
laboratory. Viruses are often maintained in nature through enzootic cycles
of transmission. Human infection is not essential to their long-term sur-
vival; in fact, humans often represent i dead-end host. There are undoubt-
edly undetected viruses in rural arcas of the United States and in remote
corners of the world that could cause human disease. With continued move-
ment of people into rural areas. environmental damage caused by develop-
ment, and the transport of people and products between remote areas and
more developed parts of the world. the stage has been set for the emergence
of "new” vira) discases.

Havtsay avo Retaten Havtas oses

The Hantaan virus and related hantaviruses are some of the most re-
cently recognized causes of an emerging discase. This group of viruses
causes hemorrhagic fever with renal syndrome (HEFRS). which is knowan as
cpidemic bemorrhagic fever in China and Korean hemorrhagic iever in
Korea. The prototype virus, Hantaan, was first solated in 1976 (H. W. Lee
et al, 197%¥) from the lungs of its natural reservoir host, the striped field
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mouse, Apodemus agrarins, Subsequent studies have dentihied antr-
genicadly related viruses that are abso capable of causing acute. hife
threatening human discase. These mnclude Scoul virus, maintained in the
domestic rat, Rattus norvegrcns (Lee et ab, 1982y, and Puumada virus. main-
tamed by the bank vole. Clethrionomys glarcolis (Brammer-Korvenhontio
etal.. 198,

Scoul virus causes a ess severe form of HFRS. while Puumalya virus iy
the cause of nephropathia epidentica. a discase commonly seen in Scandi-
navia. in the western portion of Russia, and. with increasing frequency, in
Western Earope. Scoul virus is distributed vittually anvwhere in the world
where there are large, uncontrolled populations of B, norvegicny (LeDue et
al.. 19861, This virus has been isolated and human infections documented
in both North and South America (LeDuc et all, 1984, 1985: Childs ¢t al.,
1987: Glass et al.. 19901, Undoubtedly. the present-day distribution ot Scoul
virus had its origin in international commerce and its unwanted rodent
passenger. K. norvegicus,

The hantaviruses have also found their way into laboratory rodent colo-
nies, in which they cause chronic. asymptomatic infections (LeDue, 1987).
Serious human disease and death have been documented in animal handlers.,
scientists, and others who unknowingly have been exposed to hantavirus-
contaminated rat cotonies. These problems continue to enist today. espe-
ctally in Asia. where quality control of rodent breeding tacilities is not s
rigorousiy monitored as in the United States (Lmenai et al.. 1979: Desmvier
ct al.. 1983: Lloyd et al., 1984,

The viruses have been spread in laboratory animals in several ways.
Inbred strains of infected rats have been distributed to investigators around
the world. Transplantable tumors, traditionally maintained in laboratory
rats. have been the source of additional rodent and some human intections
(Yamanishi et al., 1983). Continvous cell lines may also harbor the viruses,
although examination of all rat-origin cell lines held by the American Type
Culture Collection failed to identify any hantavirus contamination (LeDuc
et al.. 1985). The nisk of contamination to reagents, such as monoclonal
antibodies produced in infected rodent hosts. is currently unknown but
clearly plausible. Recent studies have demonstrated that the common house
mouse, Mus musculus. may harbor hantaviruses. Hantaviruses have been
isolated from domestic mice in Texas (Back et al.. 1988) and in Yugoslavia
(Diglisic et al.. 1991 T. Avsic-Zupanc. Microbiologist, Institute of Micro-
biology. Medical Faculty of Ljubljana, Sloveniia. personal communication.,
1991y,

Stopping the distribution of hantavirus-contaminated laboratory animals,
celt cultures, or reagents s difficult. since there is no readily avaiiable
commercial test for screening animals for infection. This issue is discussed
more fully below.
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Ty Fliovikuses

In the fate 19608, a group of nonhuman primates was shipped from Uganda
to Marburg, Germany. for use in vaccine development. The monkeyvs were
infected with what was then an unknown virus, later to be named Marburg
virus in recognmition of the site of its discovery. Several animals died during
shipment or immediately after arrival. and animal handlers and technicians
were infected with this new virus. The resulting human disease was espe-
clatly virutent. secondary cases occurred. and many people died (Martini,
19649).

Several years fater, epidemices caused by another virus, later shown o be
closely related to Marburg virus. occurred in Zaire and Sudan. These out-
breaks claimed neacdy 200 lives and almost completely eliminated medical
support for the affected arcas. The virus was Later named Ebola virus, after
the Ebola River which passes through the epidemic region. Marburg and
Ebola are now recognized as members of the Filoviridae. a distinet family
of viruses (Pattvn. [978),

In 1989 the scenario of Marburg virus threatened to be repeated again,
but this time in the United States. Scientists at the U.S. Arnny Medical
Rescarch Institute of Infectious Diseases (USAMRHD) at Fort Detrick in
Frederick. Marviand, were notified of excessive mortality among nonhuman
primates recently imported from the Philippines to a tacility in nearby
Reston, Virginia, just outside Washington., D.C. USAMRID sttt had re-
cently investigated an outbreak of simian hemorrhagic fever. a discase known
to cause substantial mortality among infected nonhuman primates, and the
Reston officials suspected that the sume disease was present in their colony,
However. when virus isolates were obtained from sick or dead monkeys
and examined by electron microscopy. virus particles of characteristic
flovirus morphology were observed (Geisbert and Jahrling. 19901, Public
health officials were immediately notified. since preliminary attempts to
identify the virus suggested that it was the highly virulent Ebola virus
Jahrling et al.. 19901, Only alter considerable study was it determined that
the virus iselated was a distinct, new filovirus, later named Reston virus,

Several people were infected with Reston virus during the epizootic:
however. to date. none has suffered overt clinical symptoms. At present. the
notential of the Reston virus to cause human disease is uncertain. Regard-
less of the characteristics of this particular virus, the episode clearty dem-
onstrates the critical role played by international commerce in introducing
an cxotic pathogen into the United States.

Perhaps the greatest problem associated with international commerce and
its relation to discase emergence 18 the lac! of appropriate. widely available
diagnostic tests to allow effective sereening of animals {and products made
in animals) that are destined for investigational use. In contrast to arthropod
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vectors ol disease. which can be controlled through the judicious use of
pesticides, it is not desirable to kill potential animal reservoirs of discase
when the research being pursued requires that the particular animal remuain
alive. Those who work with imported biotogical materials aced to be aware
ot the potential for conmtamination by infectious agents. Although it iy gen-
erally not done, screening imported laboratory animals, cell hines, and trans-
plantable tumors (ncluding hybridomas used to make monoclonal antibod-
ies) for exotic pathogens probably is the only effective mechanism to reduce
the risk of emerging diseases.

MICROBIAL ADAPTATION AND CHANGE

Microbes are exceedingly numerous and diverse, but only a small frac-
tion are capable of causing disease in animals or humans. To survive. most
microbial species. whether pathogenic or not. must be well adapted to a
particular ecological niche and must compete effectively with other micro-
organisms. Their small size and high surface-to-volume ratios facilitate rapid
growth and extensive impact on their environment. Microbial pathogens can
colonize animals, humans, and arthropods because they have acquired (or
evolved) a number of genes and gene products that enable them to do so.
These gene products are extremely varied, but they include tactors involved
in transmission from one host 1o another, m cell-surface attachment and
invasiveness, in countering or suppressing specific and nonspecific host
immune responses. in persisting or surviving inside and uutside a host or-
ganism, and in resistance to antimicrobial drugs. Nonpathogens can become
pathogens (a rare event), arrd low-virulence pathogens can become highly
virulent through mutation. rccombination, and gene transfer.

Because of the relativery small amount of DNA or RNA. or both, that
they carry, their rapid growth rate, and large populations. microbial patho-
gens can evolve and adapt very quickly. These evolutionary mechanisas
(Table 2-2) allow them to adapt to new host cells or host species, produce
“new’ toxins, bypass or suppress inflammatory and immune responses, and
develop resistance to drugs and antibodies. The ability to adapt is required
for the successful competition and evolutionary survival of any microbial
form. but it is particularly crucial for pathogens, which must cope with host
defenses as well as microbial competition. There are. for example, a number
of determinants that can exert an influence on viral evolutionary events
(Table 2-3). In fact, although hosts can help to drive the evolution of their
parasites. the opposite is probably also true (Hamilton et al.. 1990). Co-
evolution of pathogens and their animal and human hosts will continue to
be a challenge to medical science because change. novelty, or “newness™ is
built into such relationships.
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TABLE 2-2  Exampics of Vieal Dvoluten.ry Mechanisms
Mechanism Example Reference

Point mutanons A single amino acid Kawaoka and Websier. {988
change can affect virulence:
lethal chicken influensza

intramolecular recombination  laxernion of piece ot Huhn et al.. 198K
genome: castern equine
encephalitis virus and
Sindbis-tike virus = western
equine encephalitis virus

Genetic reassortment Origin ot pandemic Scholussek et al.. 1978
mfluenza viruses ot 1957
and 196K, external proten
gene(s) from animal virus

Recombination and mutation Evolution of live polio- Kew and Nottay. 1984
virus vaccine following
admingstration
Biased hypermutation Evolution of SSPE virus Cattenco et al.. 1989
(uridine to cvtosine from measles virus

transitions)

Genetic rearrangement Evolution of rubella virus Dominguez et al.. 1990
Recombination between Regeneration of func- Allison et al., 1990

deletion mutations tional plant virus genome

NOTE: SSPE = subacute sclerosing panencephalitis.
Adapted from Kilbourne, 1991, Used with permission.

Natural Variation/Mutation
RNA VIRUSES

RNA viruses confront us with a paradox. On the one¢ hand. their muta-
tion rates are cxtraordinarily high (because unlike DNA viruses. RNA vi-
ruses have no mechanisms for correcting errors made during replication).
On the other hand, the clinical expressions of the diseases they cause (such
as poliomyelitis and measles) have remained constant for centuries. Never-
theless. analysis of RNA virus genomes reveals that each “virus™ comprises
a heterogenous mixture of mutants in variable proportions. Thus. any given
strain or isolate is, in fact, polymorphic or represents a subset of the quasi-
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TABLE 2-3 Evolution of New Viruses: Constraints and Opportunitics

Consirinnts
Extreme viral alterations are lethal
There may be reguirements tor co-evotuion of viral ceilulir projeins
Virus survival requires a eritical level of virulence
Propagation 1 alien hosts tenas 1o by attenuating
Adaptabion to ecologieal miches is exquisitely specific
Penetration of human inmunotogic barnier usually requires major
antigenic change
Infection with nonhumiin (700N01ic) VITUses Is somtetines but not
always contagious
Opportunities
High viral mutation rates
Interviral genetic interiction
Ecotogical change increasing opportunity for contact of man with vecton
OF ViTuses
Changes in human behavior (eog., seauab)
Altered behavior of viruses in immunocompromised hosts

Adapted from Kalbourne. 1991, Used with permission.

species (E. Domingo et al.. 1978). A virus, then. is identitied as a consensus
that reflects the predominating mutant(s) in a mixed population. Because
predommating mutants seldom change. only unusual sclective pressure by
the host’s immune response o other factors, cuch as host adaptation. will
allow new mutants to gain ascendancy. resulting (rarely) in the emergence
of distinguishably new viruses.

Infliuenza A Virus

Although influenzoe viruses mutate at a rate similar to other RNA viruses.
they are unique in that they also evolve (undergo meaningful changes) rela-
tively rapidly in nature. This is due to selective pressure on the virus from
the large population of partially immune people, who have antibodies to the
virus as a result of previous infections. To survive, the virus must undergo
some degree of genetic mutation (or “antigenic drift™). This process is con-
tinuous and results 1 regional epidemics of influenza.

Much dess frequently. the surtace proteins—called hemagglutinin (H)
and neuraminidase (N)—of the influenza virus undergo a radical change (an
“antigenic shift™) that creates a virus so different that no person possesses
immunity to it. A pandemic of life-threatening disease results. Interestingly.
the radical changes that have produced pandemic influenza viruses are rooted
in the virus’s acquisition of genetic material from animal influenza A vi-
ruses. Scientists have hypothesized that agricultural practices in Southeast
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Asta (where most new strains of influenza arise) that put duchs, pigs, and
farmers 10 close proximity may fucilitate genetic shiftin the virus {Scholtissek
and Noaylor, 1988: Langone, 19906 Morse, 1990). This theory is based on
the idea thiat pigs have been infected by both an avian influenza virus and a
human influenza virus, These viruses. while imside the pig. exchange ge-
netic material. potepnally resulting in a more virulent virus capable of init-
ating a pandemic if passed to humans.,

To date. 14 distnet H and 9 distinet N oinfluenza A antigens hase been
wdentificd in birds and animais. Only three subtype comhbinations (represent-
ing three Hoand two N antigens) are known to cause disease in man: HINT,
H2N2, and H3N2. There have been two antigenic shifts in the influenza A
virus since 19138: the firstoin 1957, produced the H2N2 cubty pe: the second,
in 1968, the HAIN2 subtype. Antigenic drift and antigenic shift both chal-
lenge the immunity of human populations and require constant changes in
the composition of influenza vaceine. Predicting the direction of these changes
{hased on worldwide surveillance datay is difficult.

Human Impumaodeticteney Virus

A second example of RNA variability is HIV, HIV-1 and HIV-2.! the
two known HIV viruses. exhibit extensive genetic variability and exist in
infected individuals as a complex mixture of closely related genemes. or
quasispecies. These quasispecies undergo rapid genetic change such that
the magor viral form present in chronically infected persons ditfers over
time. This continual change can result in alterations of those parts of the
virus recognized by the human immune system: the effect of such alter-
ations is to make the immune system less able to chiminate or suppress
the virus,

[t is likely that the extensive genetic variabitity of HIV-1 and HIV-2 will
present major problems in the development of an effective vaceine, Becuuse
the difterences between HIV-1 and HEV-2 are significant. a vaccine against
one will probahly not he effective against the other. More worrisome is the
possibility that an HIV-1 or HIV-2 vaccine will not be effective against all
quasispecies within that one subgroup, The quasispecies in any one person
are closely related to each other but are different from those in someone
else. raising the possibihity that vaccines of ditferent antigenic composition
will be needed to prevent anfection or discase in different individuals. Of
additional concern is the fact that the majority of HIV isolates from other
countries, such as Thailand and countries in Africa. differ substantially
from strains found in the United States and Europe. 1t is highly probable
that a widely effective HIV vaccine will need to be a composite of viral
antigens from different regions of the globe or that multiple vaccines. tar-
geted for specific regions, will nced to be developed.
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The mutability of HIV has been mentioned repeatedly during the HIV
disease pandemic, raising questions about iow broad a biologieal change
the virus might undergo (Vartanian et al, 1991 [t s important to make a
distinction between point mutations—-to which THV is prone--and changes
in pathogenic properties, such as initiation ot infectton. that wouid intlu-
ence host range and mode of transmisston. HEV dees undergo trequent pomt
mutations, especially in regions of the genome that are hikely io be targcted
by vaccines (Phillips et al.. 1991). Although it is theoretically possihie
that such a change could alter ity infective properties. the stability of other
RNA vireses, with regard to host and organ specificity, indicates that this
possibility is unlikely. Also reassuring is the general experience that evolu-
tionary adaptation of pathogens tends toward lesser virulence.

DNA Vireses
Hepatitis B Virus

Hepatitis B is a DNA virus, but because it uses reverse transcriptase (o
replicate. it shares with RNA viruses the tendency to undergo signiticant
and rapid genetic change. In recent vears, a number of rare viral variants
have been identitied in patients infected with hepatitis B. These have gener-
ally fallen into two categories: variants with truncated protein products
{precore” and Tpre-ST variants) and vaccine escape mutants.

The precore and pre-S variants have mutations in regions of DNA that
immediately precede the coding sequences for certain viral proteins (core or
surface protein. respectively). The mutations cause a truncated product to
be manutactured and also appear to alter pathogenesis, espectally in the
case of precore variants (Neurath and Kent. 1988: Carman et al.. 1991:
Liang et al., 1991: Omata et al.. 1991). The precore region of the hepatiis B
virus is not required for the production of viral particles. Precore mutants
thus are viable but lack the viral antigen known as HBeAg. which is a key
component of some diagnostic tests. This variant was first isolated in pa-
tients in ftaly and Greece who had an unusual form of severe chronic hepa-
titis but were negative for HBeAg (Carman et al., 1989: Carman et al.,
1991). Since then. the precore vartant has also been isolated from patients
with futminant acute hepatitis B infection (Carman et al.. 1991: Liang ct al..
1991: Omata et al.. 1991).

In one study in Japan (Omata et al.. 1991, nine patients with either
acute fulminant hepatitis B infection (five patients) or severe exacerbation
of chronic hepatitis B (four patients) were tested. Hepatitis B virus was
successfully recovered from seven of the nine patients. and a precore vari-
ant with the identical nonsensc (terminating) mutation was isolated. This
variant was not found in 10 controls with acute, selt-limited hepatitis B. In
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another study. the precore variant was found in sera from eight ot nine
paticnts who were negative for HBeAg and had fulminant hepatitis B infec-
tion, but not in sera from siv other patients who had fulminant hepatitis B
but were positive for HBeAg, Finally. & nosocomial outbreak of tulminant
hepatinis B with five fatahities occurred in Haita, Israel, in 1989, The out-
break was traced to an antravenous heparin flush bottle that had been
contaminated atter use 1 a patient who was a chronic hepatitis B carrier,
The same hepatitis B oprecore varnant was detected in cach of the patients
(Liang et al., 1991y In addition to the single nonsense mutation at nucle-
otide 1896 (seen i all the precore isolates that have been identified to
date). there was an addinonal mutation at nucteotide 1901, which the au-
thors speculated might be related to the especially high mortality caused
by this varant.

A vaccine escape mutant, by contrast, gencrally does not cuuse altered
pathogenesis but lacks a particular antigenic site. allowing it to infect hosts
protected by immunization or passively acquired antibody in much the saime
way that antigenic drift occurs in influenza A, Hepatitis B vaccine has been
used in Ttaly since 1982 to protect infants born to mothers who are chronic
carrrers of hepatitis B. The hepatitis B vaccine escape mutant was found
during follow-up studies of this population (Carman et al.. 199y, Of 1,590
vaccinees (infants and tamily contacts), 44 became positive for hepatitis B
surface antigea, indicating that they had become infected with hepatitis B
Jdespite immunization and prophylactic hepatitis B hyperimmune globulin.
Another 7 patients were identified later. Viral DNA from a patient (in the
original group) chosen for detatled study demonstrated a variant that lacked
a major antigenic determinant and was therefore no longer neutralized by
hy perimmune globulin or (presumably) by vaccine-induced antibodies. The
foss of the antigenic site was due to a point mutation that altered a single
amino acid. The other apparent vaccine failures were not as thoroughly
imvestivated. Although it is not known conclusively whether this mecha-
nism accounted tor the other cases. there were indications that at least some
of the other vaceine tuilures were due to an escape mutant. The localization
of these mutants to a particular geographic region (the Mediterrancan) was
puszling. This may have been due to host immunogenctic factors or subop-
timal immunization schedules, or to the use of both vaccine and immuno-
elobulin. which increases selective pressure favoring an escape mutant.

Bacteri

Bacteria cause discase because they produce so-called virulence factors.
Virulence tactors have several roles in bacterial pathogenesis: they atlow
the bacteria to resist nonspecific host clearance mechanisms: they help the
bacteria acquire nutrients necessary for growth and survival; they assist the
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bacteria to resist specitic host immune mechamisis and they prosade the
bacteria with a competitinve advantage by intubiting other microorgantsnis
in the host,

The evolution. b inirio, of virulence by mutations would be an extraor-
dinarily complex chain of events and is more often inferred as a natural
process than aobserved in the faboratory. Resistancee to anttbioties and 1o
serum bhactericidal factors, however. Is & unit step often seen e exper-
ments. Maore often. virulence genes can be charactenized by thewr transms-
sion from one cell to another.

Virulence factors vary from oraanisn 1o organism and can otten be trans-
ferred among receptive bacteria by bacteriophages and plasonds. This
movement of genetic materiad is one way that bacteria cope widi changes in
their surroundings. such as the presence of antibodies or phagocstic cells.
Bacteria may possess more than one virulence fuctor, including toxins
(neuro-, entero-, endo-. cyto-. envthrogenie, ete.h enzymes, colomzation
factors, adhesins, bacteriocins, hemolvsins, and cell mvasion und drug
resistance factors (see Table 2-4).

In addition to the versatility afforded by gene transfer. an uneypected
plasticity has been found in bacteria that amphifies particular genes related
to rapid growth or virulence (Terzaght and O Hara, 1990). Henee, salmoncellae
growing rapidiyv in rich media are genotypically difterent from those starved
for specitic carbon sources (Sonti and Roth, 1989y, The same is true for
cholera vibrios in their host environment compared with agueous reservoirs
{Mekalanos, 1983).

This plastcity has introduced new complications into the evaluation of
pathogenicity of bacterial strains that have been stored in the tfaboratory .
supporting the intuitions of a prior generation of medical bacteriofogisgs.
The undertving genetic mechanisms are stili ander study 1t is not set known
whether they involve more than intense natural selection operating on large
populations subject to modest rates of spontancous mutation. Whatteser
the mechanism. the emergence of enbanced virulence potential *s observed
within time intervals measured in days or hours.

Brazilian Purpuric Fever

The most recent exampie of the emergence of a new disease that is likely
to have been the result of a mutation causing enhanced virulence accurred
in 1984, In that year. an outbreak of severe discase in 10 children, aged
three months to cight vears, occurred in a sigle town m Sao Paulo State 1w
Brazil. Symptoms included high fever. vomiting, and abdominal piain. tol-
lowed by the development of purpura and shock owing to vascular collapse.
All 10 children died within 48 hours of the onset of the fever.

It was thought at first that the children had contracted meningococcal
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TABLE 2-4  Rcepresentatine Examples of Virnlence Factors Encoded by
Bacteriophages, Plasmids, and Transpasons

Mabile Genete lement Groanism Vairnlence Facnar

Bacienophage NHLCPCc ey ey Ervthroceme tosm
P tierecding s Shiva ke wovn
Nrapdi o aan dier e fotcrotonins VD E

Staphs nkinase
ISSNT 1 rtovin

¢t adiaens et ey Ncurotonms C D
Cornncbag et dipdirine i Diphthera tovin
Plasmind focdinrionne oo | aterotonis [N

Prin Colomzation b tor
Hemody s
Liease
Serunm resisaee Lactor
Ndhercnoe L tors
Cell v ason tachnes
Bos il cporiong oy Feng tactoy
ettt fackar
Pratecine antreen
PohvD-vluranmice acnd capsule
Yoot speaies Intiacetintar grovah Lot
Capsute production Lacton
[ RN RS IVISITRN S Conpahase
bihrimedysen

Munine fovin

Pratisposon oo ding ond, Heat stable erctotosins

Aerobacrm suderaphores
3

Nt ated l\l}: ST OTS

Ninsedt dusenionan P o

Vil ide s e Chotera b
/0T toun
A tovan

NOLE ISST Eotove shock syndrome tovm BT Bear Labile cntorotonn ST heat stable
cateroton, Z0 0 sonicoccldens tonm VCE = aucessony dhadera eitvroton, Tthe PIN A st tare
sty suzeests a tansposone but actua! tansposimon has not heen demoenstrated

SOURCT 1 Mekalanos, Departnient of Ahcrobmtooy and Meleoubar Genenos, Harvard
Medicad Sohool

meningitis. Microscapic examination and culture o cerehrospmal thad
CCSE)Y, howevero were negative for Nesoserta menmgrindes cCenters tor Ths-
case Control, 19851 Wathin the next iwo years, addinionid outhreaks and
sokited case were renarted i nine other 1owns in Sao Paulo State. T was
also determimed that o simdar outbresk had occurred in May 1984 in the
neighbormg state of Parana (Centers for Disease Control. 1985, 1986; Bra-
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silian Purpuric Fever Study Group, 1987a.by, Subsequent epidennologie -
vestipanon rescalcd that the magonty of the children had developed
purident compunctivits (from anfection by the bacteriume Huemaophilas
tnflucnzae. bogroup vdegvprasy, which had resolved prior 1o the acute onset
of the high fever. vomiting. and abdominal pam.

No pathogenie organisms were cultured trom blood or CSE in the tirst
reported outbreak. probal v beciuse antibiotnes bad been admimistered be-
fore culture material w  obtained (Centers tor Discase Control, 1985), In
subsequent outheeo o however ML ofluenzac, blogroup aeeyprins. was iso
Lated from biead or bloody CSE (Centers tor Disease Control, 980; Brazil-
tan Purpeac Fever Study Group, 1987b: drino et al, 19870 This was the
first time this bactenium had been shown o produce invasive discase.

the discases which became known as Brazihan purpuric fever, has since
aeen reported i Central Austradia. In one of two reported Australian cases,
the organism was cultured from blood but not CSE (Mcentvre et al. 19870,
Other cases muy have occurred. but because ot the high prevalence of men-
ingococaal diseose in that part of the country. they were diagnosed as
menngococcacmia, Brasatian purpunc fever may in tact have a wide geo-
graphc distribution. Parts of the world in which Haemophilis conjunctivitis
i~ common, such as northern Atrica (Mcelntvre et al, 19873 are potentrally
at risk tor epidenmics of Brazihan purpurnic fever,

Selective Pressure and the Development of Resistance

The emergence of resistance e a hknown infectious agent may be a greater
threat to pubiiwe health than the emergence of o new disease. This s espe-
crably true b the agent causing the new disease is susceptible o currently
avarlable antinicrobial drugs oroaf a vector is ivalved in transmission, the
vectar s suscepttble to control strategies. IF an emerging disease agent is
resistant to carrently avatlable antimcrobials, the problem of control s
constderably magnitied. as 1t would he itoan insect vector developed pesti-
crde resistance. Thus, resistance to antmmicrebials or pesticides s a cnitead
tactor in the emergence of intecthious diseases,

Risistaner 1o ANisiones

Anancreasingh important contributor to the emergence of microbial threats
to health s drag resistance. Microbes that once were casihy controlled by
antimicrobial drugs are. more and more often. vausing intechons that no
Tonger respond 1o treatinent with these drags, Nmost alwavs, this resistiney
s the result of selective pressure.

Phere has always been resistance o antrthiotios, No drug is universathy
cltective against all bacteria, and as a drug s used. resstant organisms
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cmerge from the mitially susceptible population Jacoby and Archer. 1991).
For example. the fluoroquinolones. when first introduced. were broadly ef-
fective and had low tovicity. With increasing ase. most metlicilhin-resistant
Staphylococens durens (MRSA) have become quinotone resistant. as have
nicreasing numbers of Paetedomonas aeruginosa and other gram-negative
nosocomiad pathogens, The onts available drug effective against MRS A und
other methicttim-resistant staphy lococct is vancomyain. About the only path-
ogenic bacterium that has not developed resistance to at least one antibiotic
s Lreponcoa pallidion, the spirochete that causes syphidis. Treating resis
tant mfections requires the use of more expensive or more tonae alternative
drugs and Tonger hospital stasso mowddinon, it frequently means a hgher
rish of death tor the patient harboring a resistant pathoger. Estimates of the
cost ot antibiotic resistance i the United States annually range as high as
N30 bithon Phelps, 19895 Even with the continutng development of new
Jdrags, reststance 1o antibiotios is e increasingly important problem with
certain hactertal pathogens.,

Drug discovery programs have been crucial to the development of more
citective antibioties, N reeent sunvey of vice presidents st major U.S. and
Fapanese pharmaceutical companies. however, tound that about half ot those
companies lave decreased or recently halted their antibiotic rescarch pro-
srams. These decisiens were reportedly based on pereeptions that market
needs ror antibacterial products nave been Usatistied™ and that the market s
“saturated T oShlaes et all j99 .

Prcumococd

SIreproceec ds PICHPIonde I~ the commonest cause of commuimity -ac-
quired bacteriad pocumonia and s alsoimpheated momeningitis, ottis, stnusitis,
bronchitis. and peritonitis, among other mfections, For many vears, pneu-
mecoccus was consistenthy susceptible to refatively fow doses of penicillin
cmimmad dnbtory concentrations |MICT ot 001 mircrogram per millihiter or
lesson T the past 25 years, mereasing numbers of pemicillin-resistant iso-
lates hase been reparted. O the more than 3,000 S pircumomae tsolates
sabnutied o the CDC between 1979 and T987 as part of o 35-hospital
~upverllanee system S pereent had MICS greater than or equal to D01 micro-
vram per midhilitcs (Spika et all 1991 In other paris of the world, the
frequency of resistance is even higher: more than 20 percent in Chile. South
Atocas and parts of Spain (Klugman, 19907 and as high as 53X pereeant in
Hungary «Marton ctal.l 19910 Patients infected with such strams can tail to
respond to pemcilin reatment. and some penicdlin-resistant strains are also
resistant 1o chloramphemicol. clindamycin, ersthromycin, tetracyveline, and
trimethopnm-saltamethosazole. thus leaving tfew options tor therapy. To-
day, n some areas. pneumococeal susceptibility to antibiotics can no longer
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be assumed. Isolates obtained from blood and spinal fluid samples of sen-

ously il patients need to be tested 1or drug sensitivity,

Staphylococci and Enterococdd

Infection with Staphiviococcus awrens can cause a number of serious
conditions, including bacteremia. endocarditis, meningitis, ostcomyelitis,
pneumonia. and urinary tract infection. Beta-lactamase -producing S, wwrcus
emerged soon afier penicillin came it chaical use and now constitutes Y0
percent of isolates. Beta-lactamase gives the organism the ability to inact:-
vate beta-lactam antibtotics. Beta-lactams that are not inactivated by the
staphyvlococcal ensyme. like methicitling nateillin, oxaciliing cloxacithing and
many cephalosporins, provided etfective therapy until methicitlin-resistant
S. aureus appeared. In 1990, 15 percent of all S, awreuws isolates in the
United States were resistant to methicilling and in critical care units the
trequency was often higher (Wenzelt et al.. 1991). These resistant orgianisms
are just as virulent as their methicillin-susceptible counterparts and can
cause life-threatening infections.

Although §. vureus is a frequent cause of infection associated with medi-
cal devices (artificial heart valves. jJoint replacements and other prosthetic
devices. and venous catheters). the coagulase-negative staphylococcei have
become the most common cause of these infections in the past decade (Mandell
et al., 1990). Most of these organisms make beta-lactamase. and 40 percent
are resistant to methicilhin and other beta-lactams, making vancomycin al-
most the sole effective agent for treatment (Jacoby, 1991).

Although a few vancomyein-resistant, coagulase-negative staphylococ al
isolates have been reporied in Europe and the United States. vancomycin-
resistant enterococci may represent an even greater threat as an emerging
nosocomial pathogen. Outbreaks have been reported in several U.S. cities
within the past two years. Some strains (also resistant to ampicillin, gentamicin,
and teicoplaniny are resistant 1o all currently licensed antibiotics that are
recommended for treatment of serious enterococcal infections. This finding
is particutarly worrisome. s* ce these organisms are becoming a major cause
of nosocomial infections in this country,

Pseudomonas aeruginosa

Pscudomonas aeruginosa is an important cause of nosocomial infec-
ttons, especially in the immunocompromised patient {Schaberg et al.. 1991).
This organism has an outer cell membrane that can exclude various antibi-
otics. and it has many inactivating and modifying enzymes 1o counter
aminoglycosides. beta-lactams, and other antimicrobial agents. Although P.
aeruginosa is frequently susceptible to ceflazidime, resistance can arise by
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mutations that result in the overproduction of its chromosomal beta-lactamase.
Resistance can also emerge to imipenem and other carbapenems through
production of a plasmid-madiated beta-lactamase (Watanabe et al.. 1991 or
by mutational loss of an outer membrane protein that is the major channel
for imipenem entry (Trias and Nikaido. 19901 Other mutations atfecting
drug uptake confer resistance to virtually all aminogly cosides (Maloney ¢t
al.. 1989). whereas resistance to fluoroguinolones can evolve through muta-
tions that affect drug accumulation or DNA gyrase (Robillard and Scarpa.
198%).

Mycobucterium ruberculosis

After a decline in rates of infection over several decades, the United
States is experiencing a disturbing increase in wberculosis (TR, Compared
with the incidence of many other discuses, 28.000 excess ULS. cases of TB
in a seven-year period seems a relatively low figure (Fox, 1992} Because
TB is highly contagious. however. it poses a profound threat to public
heaith. TB bacteria are casily passed from person to person in airborne
droplets formed when a person with active TB sneezes or coughs,

Even more alarming has been the rise of multidrug-resistant tuberculosis
(MDRTB). Prior to 1984, about 10 percent of TB bacteria isolated from
patients in the United States were resistant to even a single antibacterial
drug. In 1984, 32 percent of patients were infected with tubercle bacilli
resistant to at least one drug. and 32 percent were resistant to one or more
drugs (Marwick. 1992). Quibreaks of MDRTB have been reported in 13
states. Ten percent of the recorded MDRTB cases to date have occurred in
previously healthy people whose mortality rate—70 to 90 percent—has been
nearly the same as that of immunosuppressed persons with MDRTB (Snider
and Roper. 1992).

The CDC has released preliminary results of a joint study with the New
York State Health Department showing that cases of drug-resistant TB have
muore than doubled since 1984 (Goodstein. 1991y CDC data from the first
quarter of 1991 show that many of these drug-resistant strains are resistant
to both of the frontline TB drugs. rifampin and isoniazid (Centers for
Disease Control. unpublished data. 1992). Outbreaks of MDRTB have oc-
curred in hospitals in Miami and New York City. as well as in the New
York State prison system. In one hospital in New York City. the median
interval between diagnosis of MDRTB and death was only four weceks.
Additional clusters of MDRTB were reported to the CDC in 1590 and 1991
from Mississippi. Missouri. and Michigan (Centers for Discase Control,
1992¢).

There are five frontline drugs known 1o be highly effective agaimst My-
cobacterium tubercudosis and five second-line drugs that can be used when
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resistance W one or more of the trontline drugs s detected. Tronically, in
the United States, until April 1992, there were shortages of antituberculosis
drugs. some of which are crucially needed when resistance to the trontline
drugs rifumpin and isonazid is present (Centers for Disease Control, 1991
Marwick, 1992y, These shortages had occurred because several pharmaceu-
tical companies had ceased production of these drugs.

Because of its persistence in the body. the tubercie bacitlus is a notori-
ously difficult pathogen to control. Although bacille Calmetie-Guerin (BCG)
vaceine protects against severe tuberculous meningitis and disseminated TB
m children (Benenson. 1990y, its efficacy against pulmonary TB in adults
has varied widely in different parts of the world. Treatment of conventional
TB is effective, but expensive, requiring daily treatment with multiple drugs
for 4 minimum of six months, There is a universal tendency among TB
patients o stop taking their drugs when the drugs begin te have their ben-
eficial effect or 10 take the medications only intermittently. When this hap-
pens. relapses are trequent and very often are caused by drug-resistant tu-
bercle bacilli that have survived the initial course of treatment. The emergence
of drug-resistant M. ncherculosis is in many ways an index of individual
compliance with antituberculosis chemotherapy and of the inability of the
health care infrastructure to ensure adequate treatment. Many public health
agencies that once could play key roles in this process have had their bud-
gets cut drastically in recent years and hence are unable to perform this
crucial service.

MDRTB is extraordinarily ditticult to treat. and a majority of patients
do not respond to therapy. Total treatment costs for an individual with
MDRTB can be as much as $150.000. ten times the cost of traditional
treatment: the cost of the treatment drugs alone can be as much as 21 times
as great (see Table 2-5). In an outbreak of MDRTB in 1990 in Forth Worth,
Texas. the cost of treating 10 patients was $950.433. The budget available
that year 1o the Fort Worth/Tarrant County. Texas, Tuberculosis Control
Program was less than one-fifth that amount (Centers for Disease Control.
1990b).

The preferred treatment for classical TB consists of iseniazid. rifampin,
and pyrazinamide. For patients whose tubercle bacitls are thought to he
resistant to isoniazid. a fourth drug. ethambutol, should be added to the
regimen until drug susceptibility results are known, Isolates of tbercle
bacilli resistant to both isoniazid and rifampin. now representing about 20
percent in some citiea, require specialized treatment with additional medica-
tions. which may include streptomycin and ciprotloxacin for almost two
years.

The tuberele bacitlus is a stow-growing organism. Three to six weeks are
needed 1o grow the bacteria in the clinical laboratory, and an additional
three to six weeks are needed to screen for antibiotic resistance. Such ex-
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TABLE 2-5 Drug Costs per Course of Treatment for One Individual with
Either Susceptible or Varying Levels of Drug-Resistant Tuberculosis

Lesel of Resistance and Course of Cost of Drugs
Drugs Used for Treatmem Treatment 991 %y

Classical, susceptible tuberculosis

INH, RIF, PZA 2 maonths
tollowed by INH, RIF 4 months 277
or
INH, RIF, PZA 6 months 495
{INH or RIF resistant tuberculosis
INH. RIF. EMB, PZA 2 months
followed by RIF. EMB. PZA 1) months 2013
ar
INH, EMB, PZA 16 months 2769
INH + RIF resistant tubercutosiy
INH, RIF. EMB. PZA 2 months
tollowed by EMB. PZA. STR. CIP 22 months 6033

NOTE: INH=isomazid: RiF=rifampin; PZA=pyrazinanmide: EMB=cthambutol. STR=utreptomyain;
CiP=ciprofioxacin,

SOURCE: D. Snider. Jr., Division of Tuberculosis Control, Nattonal Center tor Prevennon
Services, Centers for Discase Control,

tended laboratory procedures can result ina delay in diagnosis, which means
that pattents with unrecognized drug-resistant TB may be treated ineffec-
tively and remain infectious for a longer period. In HIV-positive individu-
als. MDRTB usually causes death within 4 to 16 weeks after being diag-
nosed. which is often before laboratory tests on drug susceptibility and
resistance can be completed.

There is no evidence that mutation rates in M. fuberculosiy organisms
have increased or that increased virulence is to blame for the recent deadly
outbreaks of TB (Weiss, 1992). It s likely that drug-resistant forms of
tubcrculosis arose because of patient noncompliance with the 6- to 12-
month regimen of antibiotics required to treat TB. Ineffective treatment
regimens also play a role in the rising inctdence of TB. To address noncom-
pliance. some states with high TB rates are considering approaches to out-
reach. such as expanding directly observed therapy (DOT:) others may rees-
tablish inpatient facilities similar to the TB sanatoria of the first half of this
century. Standard treatment regimens for TB have also been updated. In-
stead of taking two or three antibiotics, TB patients now take four. Still. as
noted carlier, the current shortages of antituberculosis drugs in the United
States have made even standard treatment difficult.
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RESISIANCE 1O ANEIVIRALS

Some viral infections can be successtully controlled with currently avail-
able untiviral drugs. Unlortunately, as has been the case tor antibiotios,
resistance to antiviral drugs has been reported (see Table 2-6). Two ex-
amples of resistance are discussed below. Potentially effective new drugs
undergoing preclinical and clinical testing may replace some antivirals that
have been rendered unusable as a result of excessive patterns of resistance.

Despite the eftorts ot rescarchers 1o discover new. effective antiviral
drugs, very few ever reach the point at which they become available to
those who need them. Thousands of compounds may be screened before o
single candidate with desirable antiviral properties and acceptable wlerance
is found. Drugs that are potentially useful against viral infections it into
three categories: those that inactivate viruses (virucides): those that inhibit
the replication of viruses within their host cells antivirals): and those that
work indirectly by augmenting or modifying the host’s immune response
viral invasion timmunomodulators) (Hayden and Douglas. 1990y, There are
no climcally practical viruaidal drugs at this time, since those currently
available are toxic to host cells as well as viruses, Unlike those antibiotics
that are bactericidal and can rid the patient of the organism. current antivirals
only suppress viral replication. Ultimately. control of the viral infection
relies on the individual's immune response.

TABLE 2-6 Antiviral Drugs for Which Resistance Has Been Demonstrated

Antiviral Ageot Antiviral Specteum

Auyclovr Herpes stmpley viros
VariceHa-zoNer virus

Amantadine/rimantidine Influenza A

Drdeovyeytidine Human immunodeticiency virus-|

Prideonyinosine Heman immunadeficieney virus-1

Foscarnet Cytomegalovirus

Herpes simpley virus
Ganciclovir Cytamegalovirus
Herpes simplen virus

Idosuridime (tapicals Herpes simplex virus
Trifluridine ttopreah Herpes simples virus!
Vidarabine Herpes simples virus?
Zidovudine Human immunodeticiency virus-1

YResistance 1o these drugs can be demonstrated an the lahoratory but has not et been
documented i chimcal solates,

SOURCE: F. lavden. Associate Professor of Internid Medicine and Pathology . Department
ot Internal Medicine, University of Virginia Hospital.
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Antiviral drugs can interfere with viral invasion and rephcation at sev-
eral specitic points. For example. the drug can prevent the attachment of the
virus to the host cell. or it may interfere with the assembly of new viruses
within the host cell. Although many compounds that have antiviral activity
exist or can be synthesized, most cannot be used because of toxienty, be-
cause they adversely atfect a host cell function. or because they fail to reach
concentrations required for antiviral activity i humans (Havden and
Douglas, 199,

The emergence of antiviral resistance is not well understood. Primary
resistance. which exists even before first exposure to a drug. is uncommon,
although virus populations appeuar 1o consist of heterogenous mintures of
mutants with varying drug sensitivities. Emergence of resistant subpopula-
tions. or de novo mutations creating drug resistance. oceur because ol selec-
tive drug pressurc. The frequency and speed at which this occurs varies
among virgs-drug combinations and is heavily influenced by the type of
infection and nature of the host. The usetulness of drug sensitivity assays in
such situations s limited. The clinical significance of in vitro resistance
is often unclear, a factor that complicates therapeutic decisions.

Antiviral resistance is linked to critical amino acid changes in viral pro-
teins that are targets of drug action or responsible for drug metabolism.,
Individuals who are immunocompromised. with chronic or recurrent viral
infections (particularly herpesvirus infections). often develop drug-resistant
viruses. Because resistance to antiviral drugs appears to occur quite rapidly
in such individuals. appropriate use and availability of drugs with alterna-
tive mechanisms of action are important. Sufficient data are not yet avail-
able. however. to recommend limitations on the use of antiviral drugs.

Acyclovir and Herpes Simplex Virus

Acyelovir, an antiviral that inhibits viral DNA synthesis, is the agent of
choice for managing infections with herpes simplex virus (HSV), Resis-
tance to acvclovir was a relatively uncommeon event prior to the onset of the
HIV discase pandemic. Previously. occasional resistance to acyclovir was
seen in cancer patients or transplant recipients who were receiving treat-
ment for HSV infection. Acyclovir-resistant HSV in HiV-infected individu-
als with advanced disease can cause extensive uleerative lesions that may
lcad to progressively more serious HSV discase (Laughtin et al.. 1991),

The occurrence of resistance does not appear to be tinked 1o dosage or to
treatment schedule. Even initial exposure to acvelovir can induce resis-
tance. Most commonly. resistance is caused by o mutation in the virus that
results in an inability to produce thymidine kinase., the enzyme toward which
acyclovir is targeted. Foscarnet. an antiviral drug that inhibits viral DNA
polymerase. is used in the treatment ot acyclovir-resistant HSV (Laughlin et
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al., 1991). Currently, there is no evidencee of person-to-person spread of this
drug-resistant virus.

Zidovudine and Human Immunodeficiency Virus-1

Zidovudine. also known as azidothymidine (AZT). is effective in pro-
longing the survival and improving the quality of life oi those infected with
HIV-1, including those with AIDS. those with sympiomatic HIV infection,
and HIV-infected asymptomatic individuals. Zidovudine works by inhibit-
ing the viral enzyme reverse transcriptase (RNA-dependent DNA polymerase)
(Hayden and Douglas, 1990).

Unfortunately. resistance to the drug has been documented and appears
to be associated with length of treatment (most isolates demonstrate re-
duced drug susceptibility after six months of treatment) and CD4-lympho-
cyte counts of less than 200 per cubic milliliter (Laughlin et al., 1991).
Resistance develops gradually as the result of point mutations in the gene
for reverse transcriptase; multiple mutations are necessary to conter high-
level resistance (Laughlin et al., 1991).

RESISTANCE TO ANTIMALARIALS

Over the past 15 years, there has been a tremendous resurgence of ma-
laria around the world and an increase in the percentage of cases caused by
Plasmodium falciparum, the most virulent of the four human malaria para-
sites (Institute of Medicine. 1991a). Worldwide, as many as 2 million people
will die from malariz in 1992, most of them children in Africa.

The seriousness of the worldwide increase in malaria incidence iy
heightened by the spread of parasites resistant to the available assortment of
antimalarial drugs. Malaria parasites. like bacteria and viruses, can develop
resistance to the drugs used to prevent or treat infection. And. as is the case
with antibiotics. resistance is often the result of overuse or misuse of anti-
malarial drugs. However. unlike the case for antibtotics, the development of
antimalarial drugs is not a high priority for U.S. pharmaccutical companies.
Within the United States. this task is almost entirely the domain of the
Walter Reed Army Institute of Research. Globatly, the Special Programme
for Research and Training in Tropical Diseases. a joint project of the United
Nations Development Programme. the World Bank, and the World Health
Organization, is an important participant in antimalarial drug development.

Resistance to quinine, the first antimalarial drug ever marketed. was
initially reported in 1910 in Germans who developed malaria while working
in Brazil (Peters. 1987). Since then, a number of other antimalarials have
been developed, the most notable of which is chloroquine.

Resistance to chloroquine in P. falciparum was first reported in 1961 in
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two Colombian workers (Young and Moore, 1961) and has been partly to
blame for the resurgence of malaria. Soon after this account. similar reports
were received from Thailand. Vietnam. Cambodia, Malaya, and Brazil. By
1970, nearly 20 percent of all malarious regions had recorded cases of
chloroquine-resistant P. falciparunm malaria (Lepes. 1981). Today, there are
only a few areas in the world where chloroquine is effective against this
parasite.

Resistance to the newer antimalarials, such as mefloquine. is also occur-
ring. In Thailand. for example. there is evidence of considerable P. fulciparum
resistance to the drug (Peters. 1990: Institute of Medicine, 1991a). This is
of great concern, both because this drug has not been on the market for long
(demonstrating the rapidity wiui which these parasites can adapt to the
presence of the drug) and because the development of new antimalarial
drugs to which the parasites are susceptible is not a rapid process: metloquine
was originally synthesized in the late 1960s and underwent 17 years of
testing to demonstrate efficacy before being licensed (Institute of Medicine.,
F99 1),

Although P. falciparum causes the most severe type of malaria and is
increasing in prevalence. P. vivax is responsible for the majority of malaria
morbidity worldwide. It is of considerable concern. therefore. that P. vivax
has also developed resistance to chloroquine. which was first reported in
1989 in Papua New Guinea (Rieckmann et al.. 1989). Chloroquine-resistant
P. yivax malaria has also been diagnosed in Indonesia (Schwartz et al.,
1991). No one knows for certain how quickly and how far this resistance
will spread. Because of the problem of resistance to chloroquine. travelers
should seek the latest guidance on prophylaxis before going into malaria-
endemic areas.

Given the distributicn of malaria cases throughout the world. drug resis-
tance is of much greater concern outside the United States than within it.
Sull. the potential for the reemergence of malaria in this country. and the
role of drug resistance in such a scenario. cannot be overfooked. In the
United States, as recently as the carly 1900s. up to 500.000 cases of malaria
occurred cach year. most of theny in the South (Institute of Medicine,
19910y, Currently. some 1.200 total cases of malaria both drug susceptible
and drug resistant are reported each year in this country, almost all of which
occur in individuals who have been infected in other parts of the world {so-
called imported malaria). Small outbreaks of nonimported malaria, the re-
sult of mosquito transmission from imported cases, have also been reported
(Maldonado et al.. 1990: Centers for Discase Control. 1990¢, 19911). Thus
far. the outbreaks have been yuickly and easily contained. A continued
increase in drug-resistant malaria throughout the world. however. may in-
crease the number of cases of imported malaria. thereby improving the
chances for malaria to regain a foothold in the United States.
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Vecior Resisrancr 10 Pesucines

Agriculture accounts tor about 75 percent ot the pesticides used in the
United States. In 1987, approvimately 407.000 tons of pesticides were ap-
plicd in agricultural settings throughout the nation, of which about 89.500
tons were insecticides. About 10 percent of the pesticides used worldwide
are applicd for public health purposes, mainly to control malaria, tilariasis,
schistosomiasis, onchocerciasis, and trypanosomiasis (Moses, 1992),

This high volume of pesticide use for agricultural purposes has con-
tributed to the development of resistance in infectious discase vecton,
particularly mosquitoes. Public health use of insecticides has also played a
role in the emergence of resistance. although not in the United States. where
public health use of insecticides 18 not sutficiently regular to elicit the
development of resistance.

Resistance, in the field. to a number of pesticides belonging to orga-
nochlorine. organophosphate. and other insecticide groups has developed in
vector arthropods. In addition, recent evidence trom laboratory studies points
ta the emergence of resistance in mosquito larvae to the delta endotoxins of
the commerctalized micrabial control agents Bacillus thuringiensis israceli-
easiy (Georghiou, 1990) and B. sphacricus (Rodcharoen and Mulla. in press).
Although resistance to these agents has not yet been demonstrated in a tield
situation, the laboratory tinding illustrates the strong potential tor the de-
velopment of such resistance.

New Understandings:
Microbes as Cofactors in Chronic Disease

Although medical science has been able to discern the causes of many
aiseases. the etioiogy ot some that have a significant impact on the health
of the U.S. population is still speculative. even after decades or more of
research. The recognition that an “old™ discase. with heretofore unknown
causes, is associated with an infectious agent is vne of the more interesting
ways infectious diseases emerge. A number of diseases are now thought to
be caused by microbial infection or to involve microbes as cofactors in
pathogenesis. These include. but are not limited to, atherosclerosis, rheuma-
to1d arthritis. insulin-dependent diabetes meHitus. Reye's syndrome, Kawasaki
disease. systemic lupus erythematosis. and Alzheimer’s discase. The final
chapters on these diseases have not been written: 1t remains to be seen
which. if anv. will be determined with certainty to involve microbial agents.
The examples below illustrate the relationships between some of these dis-
eases and the infectious agents associated with them.
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Hovas T-crie Letkesna Vires Tyees T asp 1

Isofation of the first pathogenic human retrovirus was repocted in 1980
(Poiesz et al.. 1980) and was soon tollowed by the isolation of a second,
closely refated but distinet virus (Kalvanaraman et al.. 19823, These viruses
subsequently became known as human T-cell leukemia virus types Tand 11
(HTLV-1. HTLV-1D: they are sometimes reterred 1o as human T-Ivmphotropic
viruses. Multiple isolates of the HTLVs have now been obtaimed. novel
regulatory properties identitied. and arcas of endemicity throughout the world
detined by seroepideniolagical studies.

Although HTLV-I1 has not been linked definitively 1o a specitic discase.
HTLV-1 has been shown to be etiologicatly associated with two very difter-
unt diseases. The first, adult T-cell leukemia/lymphoma (ATLL). for which
the virus is named. was first described in southern Japan (Uchiyvama et al.,
1977). where the virus is endemic. ATLL is a malignancy primarily of
CD4+ (T-helper/inducer) Ivmphoeytes, and in the leukemic phase. the
HTLV-I provirus is monoclonally integrated into the DNA of ncoplastic
cells. The onset of disease occurs many vears after the initial infection, and
the most severe forms of the discase are characterized by generalized
lvmphadenopathy. visceral and cutaneous involvement, and bonc lesions
(Kuefler and Bunn. 1986). Effective treatment is not available, and death
usually occurs within one vear of diagnosis. Fortunately. onfy 2 to 5 percent
of HTLV-I-infected persons develop ATLL (Murpby et al.. 1989).

The second HTLV-T-associated disease is a neurological condition called
tropical spastic paraparesis (TSP which was first described in the Carib-
bean iGessain ot al.. 1985), The same svadrome was subsequently described
by doctors in Japan. who called it HTLV-T-associated myelopathy (HAM)
(Osame ¢t al.. 1986). This discase. which is now usually referred to as TSP/
HAM. begins with difficultics in walking and weakness and spasticity in the
legs: it can afso nclude back pain. sensory disturbances. urinary inconti-
nence. and impotence in men. Disability progresses over several years, and
eventually victims may become confined to a wheelchair. Because afflicted
individuals have high concentrations of HTLV-I-specific antibodies in se-
rum and spinal tlutd (Osame et al.. 1990). sometimes in association with
an human leukocyte antigen (HLA)-linked high immune responsiveness to
HTL V-1 (Usuku et al.. 1988). some investigators feel that TSP/HAM is an
immunological discase triggered by the virus. As with ATLL. TSP/HAM
occurs 1n a small percentage (about 1 percent) of HTLV-{-infected persons
(Kaplan ct al.. 1990),

Interest in HTLV-I increased with the in vitro observation of several
investigators that the efficiency of replication of HIV, the virus that causes
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HIV discase and AIDS. increased in cells ranstormed by HTEV-L The
subsequent identification of persons in endemic wreas, many with AIDS,
who were infected with both HIV and HTLV-L (Cortes ¢t al.. 1989: Hantori
et al.. 1989) led 1o the speculation that interaction of these two viruses may
potentiate discase progression. The prevalence of infection with both HIV
and HTLV-1 or HTLV-IL is increasing in populations of intravenous drug
abusers in the United States (Lee et al. 1991). This increase offers the
possibility of a study group. albert an unwanted one. in which to assess
this additional risk tor discase.

HTLV-I has also been implicated as a factor in other discase svadromes,
including polymyositis, arthritis, infective dermatitis, mycosis fungoides,
and multiple sclerosis (although the latter iy controversialy, In addition,
HTLV-11 was recently linked to chronic fatigue syndrome (DeFreitas et al..
1991, It is probable that the full spectrum of diseases and immunological
abnormalities associated with the human retroviruses has vel to be delin-
eated. [t s also probable that additional buman retroviruses exist but have
not yct been discovered.

ATHEROSCLEROSES

Atherosclerosis. commonty known as hardening of the arteries. is the
result of an uncontrotled proliferation ot arterial smooth muscle cells. which
eventually can block the flow of blood through the vessel. This discase is
the underlying cause of strokes and myocardial infarctions and results in
more deaths in the United States (and in other industrialized countries) than
any other single disease. The burden on the U.S. health care system s
estimated to be in excesy of $60 hillion per year (Levi and Moskovitz,
1982: Kannel et al.. 1984).

Although it iy well known that smoking. high cholesterot levels, and
elevited blood pressure are major risk factors for atherosclerosis, viruses
can generate the pathologic events—cell destruction, metabolic changes within
cells, and cell transformation—that precede the appearance of atheroscle-
rotic lesions. This observation has led some researchers to conclude that a
virus or viruses may play some role in the disease. Supporting this theory
are reports that chickens can develop atherosclerotic lesions as a result of
infection with an avian herpesvirus (Fabricant et al., 1978, 1980: Minick et
al.. 1979). In humans, two similar virases, herpes simplex virus (HSV-1 and
HSV-2) and cytomegalovirus (CMV), infect infants and voung children
worldwide. During infection, the viruses are often found in the blood ves-
sels, potentially exposing the smooth muscle cells to their effects. In one
recent study. CMV infection was demonstrated in patients with atheroscle-
rosis: there was no evidence of either HSV-1 or HSV-2 infection in the
same individuals (Melnick et al.. 1990). Other studies have implicated
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CMV.as wellas HSV-1 and HSV-2 in huinaa atherosclerotic disease (Benditt
et al., 1983 Yamashiroya et al.. 1988: Hendrin et al., 1989, 1990),

Recently. a bacterium, Chlumydia pneunioniae. was reported (o play a
potential role in the pathogenesis of atherosclerotic disease. The investiga-
tors examined the consequences of human infection with C. puewmoniae
and tourd evidence, wn the torm of persistenthy elevated fevels of ant-C
pucumonive antibodies and immune complexes contining chlamydial h-
popolysaccharide. that chronic infection with this bacterium was assoctated
with increased niskh for coronary heart discase. This rish was shown 1o be
independent of those factors—age. smoking, totai cholesterol 1o migh-den-
sity -lipoprotein-cholesterol ratios, and hypertension —most often associated
with atherosclerosis (Satkku et al, 1992y Because C. pucumoniae intection
is tairly common and can be treated wath antibiotics. o proven association
of this organism with atherosclerosis and subsequent myvocardial infarction
could have a signiticant public health impact.

Hi v Pariirovavikes

Papillomavirases were described and assoctated with discase in the carly
to nud-1900<. Rescurch on these viruses. however, suffered trom the inabil-
iy 1o grow them in cells in the luboratory. Bt was not until the TYSOS that
techniques to identity and characterize human papillomavirus (HPVYy be-
came readily avairlable (deVilliers, 1989 In the past 1O yeurs. more than 67
HPV types have been defined: the molecular hiotogy of the vires has been
developed i exquisite detail: and knowledge concerning molecular mecha-
nisms of infection and discase has emerged (Reeves et al., 1989y,

Epidemiologicat studies have shown that HPY intection (with HPV types
16 and 1¥) s the magor risk factor tor cervicat cancer (Reeves et al.. 1989,
an important public health problem in the United States and the developing
world. The American Cancer Society estimated that 13.000 new cases would
occur in the United States in 1991, resulting in about 4.500 deaths (Amen-
can Cancer Society, 1991y Maost of these cases and deaths could hinve been
prevented by appropriate screening and control programs. Cervical cancer is
uniguely amenable to secondary prevention by screening and carty treat-
ment sinee 1t evolves through surgicatly curable premalignant stages to
mvasive disease over a 10- 1o 20-year perrod (Tabbara et al.. 1992),

Other tactors besides HPV infection, however. play u rele in the devel-
opment ot cervical cancer. For example. a4 woman™s risk of cervical cancer
is directhy refated o the number of sexoal partners she has had (the greater
the number ot partners the greater her risky and inversely related 1o age o
First intercourse (the younger her age. the greater the rish). It has only
recently been recognized that male sexual behavior also influences cervical
cancer risk. Spouses of women with cervical cancer are more likely to
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exhibie hegh-risk sevual behavior than spouses of women without the
discase (Brinton et al, 1Osuy Fhese behaviors undoubtedhy mmarease the
chunce that the men swall be exposed to seveally transmited agents such as
HPN . There is groving evidence that other venercal discase agents, such us
HISV -2 and HEV Onteract wath HPV ina multiplicaty e fashion 1o boost 1he
rishs tor cervical cancer dHitdeshem et al. 1991,

Women mtected with HIV have at least a HO-fold ancreased risk ton
active HPV infecuon and o F2-1old ancrease m sk of cervical neoplast
tLaga et als 1992 HPV ifecnon and cervical discase also progress more
rapidly and are more retractory o treatinent in women with HIV infection,
A~ the prevalence of heterosesually transnutted HIV imcreases amaong
women., HPV anfection and cervical discase will continue to emerge as
magor oppartanistue vompheations, The strony assoctation between HEV aond
HPV mfection may imvoblve interactuons between the proteins ol HPV and
HIV . maddinon to general immunosuppression.

For all of the apparent Hinks between HPV intection and cervical disease.
the relationship s not o simple one of cause und effect. For example. no
study has found HPV i all cervical cancerss and avariery of studies have
shown that 10 1o 50 pereent af headthy women are intected with HPV (Burk
ot ab, 1986 Cos et al, 1UR6: Toorn ot all, 1986 and Reeses et alll TUNT )
HPY infection can onbs he extimated by detecting vival DNAL and there s
no single aceepted eriterion tor judging the results of such testing. In adds-
ton, there s no climealls usetul serological assay that can mdependently
estinate past HPV intection, Well standardized commercial Kits can be used
to draznose HPY mtection. but antection alone 18 nether sutticient nor
necessary dor cervical cancer. The condition appears 1o be brought on by g
comples mteraction of antections and demographic. behavioral, and hor-
monal risk factors: The only currently efficacious cenvical cancer control
strateey s secondary prevention detecting and ablaning premmyasine
cervicdl mtraepithehial neoplasea 1CENG Testons, New sanategies based on
HPN detection and Pap smear screentng may be possihle.

BREAKDOWN OF PURBLIC HEALTH MEASURES

[he controb of many intechious ilnesses has occurred as socreties them:
selves have hecome more advanced. Improvements in medcine, saence.
and pubtic beadth have come only as resubt ot the complen growth and
maturation of woderm conhization, Mans ot the protections now i place.
such s vacomation. proper hverene. water and sewage reatment. and sate
tood handime and distnbution practices have vasthy amproved our abhim
tor control antectious disease outhbreaks,

Dospite the appedrance of secunity, however. there s only o thin venceer
protecting humankind from potentially devastating infectious discase epr-




FACTORS IN EMERGENCE 147

demies. Alone or in combination, ceonomice collapse. war. and natural di-
sasters, among other societal disruptions. have caused cand could again
caused the breakdown of pubhic heatth measures and the emergence or re-
cmergence of a number ot deadly diseases.

Inadequate Sanitation: Cholera

Cholera. a sometimes rapidly fatal diarrheal disease causea by the bacte-
riwm Vebrio cholcrae. reached epidemic fevels in South America in January
1991 for the first tme in almoest a centary. Inadequate samitation played a
role in s reappearance. which occurred mitially i several coastal cities in
Peru: then thie disease spread through much of the cantinent. A scattering of
cpidemic-related cases were reported later in the vear in Central America
and the United States. As of December 1991, there had been 366,056 re-
ported cases of the disease and 3894 deaths 1 these three regions (Pan
Amencan Health Qrgantzation, 19971,

10 in hefieved that Vo cholerae was it intreduced into the harbor at
Lima Perus through the dumping of bilge water by a ship arriving from the
Far East. Once in the water. the bactena rapidly contaminated the tish and
shelltishe which were then consumed totten in the torm of ceviche. a dish
made with rav scatood that is popular in that part of the world). Following
the initiad scatood-related cases in humans, the organisms are thought o
have been spread by tecal contamination of the water supply.

Eprdenuologic investigations in Peru have implicated such contam-
mated munmicipal water supplies as the principal means by which the
discase s now bemg transmitted. Based on a ostudy by the U.S0 Environ-
mental Protection Agency (EPAY that showed a possihie link between chlo-
rinatton and cancer. Peruvian otficials apparently ceased treating much of
the cowntry '~ drhing water an the carly TY98R0s (Co Anderson. 1991 A
paucity ot hyvgienie tood preparation practuices also appears 1o have
plaved a role

The epidemie s travedling northward ar o rapid rater several cases have
Aready heen reported in the United States, originating from contaninated
toadstutts. UUS public heafth authorities are maintaining a close watch on
foads wmported trom South and Central Amenca (the magonity ol fresh frus
and vecetablos imported o the United States during the winter come from
Aevico In February 1992, at keast 31 of 3536 passengers and crew aboard
thieht trom Buenos Nares. Argenting. 1o Loy Angoes, Calitornia owith a
brict stopover i Linen were diagnosed with cholera ¢IX i Califorma. Y
Nevadas 3o Japan, and Tin Argenting 1 person died) A east 34 other
pisseneers reparted havine diarrhea of unknown ctiologs. This tlustration
demonsirates the case with winch this disease can be tinsported worldwade
rCenters tor Disease Control, 1992¢0,
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Cholera can almost always be treated successtully wath oral rehyvdration
therapy, which cepliaces uirds and ossential salts Tost in diarrheal stools,
Discase survertlance and maintenance of a clean water supply are the most
effective methods of prevenung discase spread. Currently avarlable vac
cines are of limited cftectiveness.

Extensive transmission of cholera and other waterborne ifectious dis-
cases in the United Stades is highly unlikels. oming to the gencraliy high
standards required of U.S0 muaicipal water and sewege treatment facilities.
Qutbreaks could occur. however, in arcas with sub~standard water supplies
and inadequate sewage disposal. Oveasional cholera outbreahs in the United
States are most often caused by Tecal contamumnation of estuanne waters.
Inadequately treated sewsge can be taken up by the fin fish and shetltish
harvested from these waters: therr consumption can intect humans 1t the
tish are prepared improperly . As coastal arcas become increasingly crowded
and water treatment tucilities are osverwhelmed or poorly mamtained. o nse
in cases of Vibrio infection is tikely.

Complacency

There can be a delicate bakince between maintaining control of o disease
and the initiation of an epidemic. 1t is one thing to have this balance dis-
rupted by essentially uncontrolable elements: s quite another to hine it
go awry as a result of individual or organizational complacency.

Sometime in the 19508, the attention given to acute infections
discases by public health and medical officials. physicians, researchers,
and others began to wane, and a shift in focus 1o chronic. degenerative
discases occurred. Much of the reason tor this shift was the notion that
infectious discase problems were becoming a thing of the past- science,
medicine. public health, and an improved standard of hving had brought
most ol these diseases under controtb. People were Tiving longer and
developing more chronic illnesses as a resulis The emergence of HIEV dis-
case and AIDS swung the pendulum back to infectious discases. HEV
discase and the host of opportunistic infections that accompany it have
severely chalienged the scientific, medical. and public heatth communities,
as well as politicians. Infectious diseases clearly are not a problem ot
the past.

Measles is highhghted here as an example of complacencey regarding the
control of infectious diseases. Tuberculosis s yet another example that has
already been discussed in other sections ot this report. There are certanly
other discases: however Gincluding typhoid. diphtheria, whooping cough.
tetanus, and louse-borne typhusy that may pose significant threats to heahth
when complacency sets .
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INADEQU e LevErs oF Isnusizarion: Miasins

Immunization against infecnous diseases is one of the most effective
wavs of improving oserall public health, Medical researchers have devel-
oped dozens of vaccines. a number ot which have been mcorporated into
childhood vaccination programs. These programs have ercatly reduced the
health-related and financial impacis of & pumber of previously devastating
diseases. However, if such programs talter or are carried out incompletely,
diseases that are now relatively rare can reemerge as the Rllers they onge
were. This phenomenon is a danger to all countries. particularly those with
pooT OF inactive immunization programs (see Table 2-7).

The incidence of measles. a highly communicable vural discase. declined
rapidiy i the United States after the mitroduction of an etfective vaccine in
1963, There were some 300,000 reported cases cach vear during the 1950,
a number that had dropped to less than 2,000 by the carly 19805, In 1989,
however. the number of meastes cases began o climb, and by 199G, more
than 26.000 cases were reported. the largest number sincee 1977 (Athinson
and Marhowits, 1991, What happened?

TABLE 2-7  Percentage of 1-Year-Olds Immunized Against
Measles in the Americas in 1990

Country Percentage Countiy Percentaye
Panaima R Belire N1
Angurlia R Nicdaraging X1
Briosh Vireon Isfands R Furks and Cajvos X1
NMontserrat 90 Brasst o
SRS Nevis 94 Paragadgy o7
Chile a8 El Sahvador 78
Donumcan Repubhie B Jamua 4
Argentinu 94 Suraame 4
Cuba 04 United States’ 70
Honduras DX Cruattenneda 6N
Antrgua Ry Moo Ho
Barbados N7 Peru 6
Bahamas Nh Nenesucka Hd
Costa Rica NS Girenada 61
Colambia N2 Fouados 6
St b N2 Bohivia s
Uruzuag N2 Han 4

Dt e tor 2vear-obds

SOURCE: Berner, 1991,
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Measfes vaccine induces immunity in more than 95 pereent of individu-
als over one vear of age (R. M. Davis et all, 1987). The requirement that
school-age children in the United States present evidence of measles vacei-
nation 10 order (o be admitted 10 school was Jargely responsible tor the
dramatic reduction in the incidence of measles in the 19605, 19705, and
carly 19R0s. Vaccmnation levels in preschool-uge children. however. were
tower than for those attending school (Orenstein et al.. 19900 Atkinson and
Markowitz, 1991).

In 1990, there were large outbreuks of measles in Dallas, San Dicgo, and
Los Angeles: cach city reported more than 1.000 cases. In New York City,
an outbreak that started in March 1990 continued through 1991, with more
than 2.000 cases reported in the first five months of 1991, Epidemiologic
data from the New York outbreak revealed that a majority of cases were
among preschool-age black and Hispanic children who had not been immu-
nized. Vaccination gouls in this population were not being met (Centers for
Discase Control. 1991d).

There have also been additional outbreaks among vaccinated school-
age groups. indicating that in some cases the one-time vaccination was
insufficient to prevent disease. In response. the American Academy of Fam-
ily Physicians, the American Academy of Pediatrics, and the Immunization
Practices Advisory Committee (ACIP. a committee of experts convened
by the CDC) recommended. in 1989, that a second dose of measles vaceine
{as part of the trivalent meastes. mumps. and rubella vaccine) be given
(Atkinson, 1991). In early 1991, the National Vaccine Advisory Commuttee
issued recommendations to improve the availability of childhood vaccines
and urged a two-dose schedule for the measles-mumps-rubelta (MMR)
immunization (National Vaccine Advisory Committee. 19914).

Available data for 1991 indicate that the trend of rising measles inei-
dence is reversing itself. As of November 1991 there were 60 percent tewer
cases than had been reported during the same period in 1990 (Cotton. 1991).
Although efforts have been made over the past several vears to redoce
the number ot people. particularly children. who have not been vaccinated
against measles. the present decline in cases is too great to be attributable (o
better vaccine coverage alone (Cottan. 1991). At this time. however. a full
explanation is not available.

War

When deployed outside of this country. LS. military forces are at high
risk of being exposed to a variety of infectious disease agents. In past
conflicts, infectious discases have produced higher hospital admission rates
among ULS. troops and. untif World War 11 higher mortality rates, than
battle imjuries (Gordon, 1958: Reister, Nud.: Washington Headquarters Ser-
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vice Directorate for Information, Operations. and Reports, 198%5). Table
2-8 shows the types of infectious diseases that have accounted tor the
greatest morbidity among American soldiers.

The relative mportance to deployed forces of any particular intectious
disease depends on a number of environmental factors and operational ¢ir-
cumstances, including. principally. the geographic arca of deployvinent. the
time of year. the mission and composition of the foree. and the mensity of
the conflict. For example, military operations generally result in Large num-
bers of susceptible individuals Tiving in close proxinnty . circumstances that
can facilitate the transmission of respiratory discases. Under field condi-
tions. food and water sanitation services may be rudimentary and subject to
disruptions. opportunitics to excrcise good personal hygiene are diminished.
and there may be exposure to the bites of infected arthropod vectors of both
human and zoonotic diseases. In addition. wartare usually creates some
degree of soctal disruption. which can produce refugee populations that are
trequently subject to epidemics of infectious discase. Troops mayv be at
added risk of infection to the extent that they become involved in the super-
vision and care of the refugees. Because troops are frequentiy hiving under
relatively primitive field conditions. there is also the potential for acciden-
tal transmission of previously unknown zoonotic diseases. The return of

TABLE 2-8 Infectious Diseases Causing High Morbidity in V.S, Forces in
Past Conflicis: World War 11 Korea, Vietnam. and Operation Desert Storm

Disvase Categony Contlict

Acute resprratory diseases wnd influenza All

Acute drarrheat discases Adl

Malur WWIL Korea, Vietam
Hepatis WWIL Korea, Vactiam
Sexvuadly transmited discases WWIL Korea, Vietnam
Arthropod-harme discases’ WWIE Vietnam
Richetistal disease” WWIE, Vietnam
Leptospiroses WWIL, Vietnam
Lershninnas WWIHL Desert Storm
Sohistosomiasis Wwil

NOTE: WWH=World War 1l

“Eepecially dengue fover, sandfhy fever, hemorrhagac fevers, and encephalitides

/'l’rlnup.lll} seruh typhus, whose distrtbution s Timired 1o parts of Asiaand northern Aus-
tralia.

"Poocipalty an engmeer bridge-building umis in Luzon, Phifippines,

SOURCE: 1), Legters. Department of Preventive Medicme. Dnvsion ot Tropcal Public
Health, Untformed Services University ot the Health Sciences. Bethesda, Marviand.
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U.S. troops trom toreign soils offers a umque opportunity for the introduce-
tion or reintroduction of infectious diseases into the United States.

The following examples describe intectious diseases that have emerged
inassociation with military operations. some of which involved U.S. troops,

» Epidemic tvphus, caused by Rickerisia prowazekti, has been a frequent
accompaniment of warfare in Europe. dating back 1o the siege of Naples
by the French in 1528 (Zinsser, 1935). The disease. which is acquired by
contact with the feces of infected body hice. was a major problem in World
War 11

o Trench fever, caused by Rochalimaea quintana (Richetisia quintana),
which are transmitted by body lice. made its first appearance i troops
during World War 1 (Fuller. 1964y

« Eptdemic hemorrhagic fever. now hknown to be due to a zoonotic in-
fection caused by Hantaan virus. was reporied in Japanese and Soviet troops
in Manchuria betore the onset of World War H and was later (1951 recog-
nized in United Nations treops in Korea (Benenson, 1990).

« Scrub typhus. caused by a rickeitsia transmitted by the bite ol un
infected larval mite of the genus Leprorromhbidinm. was a major medical
problem (surpassed only by malaria in some arcasy in the Pacific Theater in
both World War Il (Philhip. 1948) and the Vietnam contlict (Berman et al..
19723

¢« A massive outhbreak (nvolving 30,000 1o 50,000 casesy of acute
schistosomiasis, caused by Schistosoma japonicuni. 1s reputed to have oc-
curred in Chinese troops in 1950, The troops were being taught to swim in
infected canals in southern China in preparation for what, because ot the
outbreak. became un aborted invasion of Taiwan i 1930 (Kiernan, 1959).

o Leptospirosis. caused by Leptospira interrocans. was fiest idennficd
as an important military disease in British troops during jungle operations
against Communmist terrorists in what was then Malava in the late 19308
(UUS. Army Medical Rescarch Units Malava, 1962,

o Leishmamasis, due to Leisimnania tropica. was known to be endemic
in the Persian Gult region befare ULS. troops were committed in Operation
Desert Shield. Known to cause cutancous lesions, the capacity of L. tropica
1o "viseerahize” Gioel invade bone marrow. fiver, and spleen) was not welt
documented betore its discovery in returning ULS. troops, The apparently
atypical visceral eapression of the disease may not be unusual at all but
merely a natural conseguence of the exposare of more than S00.000 suscep-
tible troops to infected sand fIv vectors iy an endenie arcas A totad of 26
cases of Teishmaniasis i ULS, troops—-17 cutancous and 9 visceral --had
been diagnosed as ot April 1992 M. Grogl, Chief. Fesshmamia Section,
Division of Expertmental Therapeutios. Walter Reed Army Institute of Re-
search, Washington, D.C.. personal communication, 1992),




Addressing the Threats

The process by which an infectious disease emerges and is recognized
and responded to can be complex. Chapter 2 dealt with the many factors
involved in emergence. This chapter addresses disease recognition and in-
tervention and provides specific recommendations for improving the ability
of the United States and the global community to respond to future micro-
bial threats to health. The relationships between and among recognition
activities and tnterventions are diagrammed in Figure 3-1.

Chapter 3 is divided to two sections. The first, on recognition, ad-
dresses domestic and international surveillance. The recommendations in
this section, if implemented. would strengthen ULS. surveillance activities
and encourage efforts to develop a global infectious disease surveillance
network. The second section, on interventions, is divided into subsections
that address the U.S. pubtic health system, rescarch and training, vaccine
and drug development, vector control. and public education and behavioral
change. Each subsection includes one or more recommendations directed at
improving the current U.S. capability to respond 1o outbreaks of emerging
infectious discases.

RECOGNITION

The key 10 recognizing new or emerging infectious discases. and to track-
ing the prevalence of more established infectious diseases, is surveillance,
Surveillance and rapid response to identified disecasc threats are at the core
of preventive medicine. A well-designed and well-implemented infectious
disease surveillance program can provide a means to detect unusual clusters
of disease. document the geographic and demographic spread of an out-
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RECOGNITION ACTIVITIES

Health care providers
Chirical jaboratones
State tocal health gepts
Centers tor Disease Control

GLOBAL

Heart care prowders
Megicar researchers
RESEARCH Minstries of heaith countnes
& World Heath Orgars zaton ;
TRAINING Pan Amencan Heaitd Orgarzaron
U S Department of Agrcutun:
U S Depanmenrt of Detense

PUBLIC HEALTH MEASURES

« Control of antibiotic usage RESEARCH |+ Antincrobiais for treatment
« Immunization & 2 ¢ Passive immunizatior
* Vector controt TRAINING |« Supportve Lare

U S Natonat Irstiutes of Heaeh
U S Centers tor Dicegse Contr

SURVEILLANCE ACTIVITIES

DISEASE
MANIFESTATION

ZOONQTIC
HOSTS

L——» MICROBIAL
PCPULATION

LS
HUMAN SPREAD OF INFECTION

™~

DISEASE
MANIFESTATION

CLINICAL INTERVENTIONS

+ Eoucation & behavonal change l * Antricrobals for prophylaxs
i

« Envirormenta!l management
» Case finding
« Isclation

PESTICIDE DEVELOPMENT

VACCINE & DRUG DEVELO

RESPONSE ACTIVITIES

FIGURE 2-1 Recogmipon of and snterventions for emergimg itections discases.
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break, estimate the magnitude of the problem, describe the natural history
of the disease. identify factors responsible for emergence. tacilitate fabora-
tory and epidenuological rescarch. and assess the success of specitic inter-
vention etforts,

Untfortunatelv, there is insuftficient awareness ot and appreciation tor the
value of comprehensive surveillance programs. Even among public health
personnel, mvolvement i surveillance activines is often lmited to collect-
ing and transmitting disewse-rebated datas a viewpoint that can mask the
objectives and signtficance of the overall etfort. Some health care and pub-
ic health professionals are untimmiliar with sunveidbance methods. nannly
because the topic is covered madequately in medical schools and ¢ven in
schools of public health (Thacker and Berkelman, 1988). The result i in-
complete. underrepresentative. and untimely disease reporting. Poor sur-
veillance leaves policymakers and practitioners without a basis tor develop-
ing and implementing policies for controtling the spread of infectious discases,

Surveiltance can take many forms. from compley international networks
imvolving sophisticated laboratory and epidemiological imvestigations. o
smatl. community -based programs or a single astute chnician. Discase sur-
verllance often is a passive process that is based on individual health care
workers who report instances of unusual or particularly contagious hunman
illnesses. usually o a government health ageney. In other instances, more
formal surveillance can take place. in which public health workers actively
seck out cases of discase and report their findings regulurly to a central data
collection point,

The importance of surveillance to the detection and control of emerging
microbial threats cannot be overemphasized. Active monitoring of such tac-
tors as population growth and migrabon, vector abundance. development
projects that disturb the environment. and nateral environmental factors
tespectally temperature and precipitation) is an essential component of sur-
vetllance and caninfluence the spread of emerging infectious discases and
the effectiveness of efforts 1o control them.

Sunverllance is important to any discase control eftort; it is absolutely os-
sential iF that effort’s goal iy eradication. Without the information obtained
tiroogh discase surveillance. it is not posaible to know bov and where disease
control efforts should be focused or to analyze the impact of ongoimg ctforts,
The smallpoy eradication program. discussed below, is an excellent example
ol the use of surveillance for case finding and program monitoring.

Surveillance in Action: The World Health
Organization’s Smallpoy Eradication Program
An often overlooked but very steniticant contributor to the success of

global smallpoy eradication was discase sunveillance. OF course. smallpox
eradication would have been impossible had there not been an effective
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vaccine and a simple. inexpensive means of delivering it——the biturcated
needle. The fact that humans were the only known reservoir tor the small-
pox virus also simplitied the tuask of eradication, since no inseet vector or
nonhuman animal hosts were involved in discase transmission.

Smalipox is trunsmitted by the respiratory route, by contact with pox
lesions, or by infective material, such as bed linens, recently contaminated
with discharge from lesions, A distinctive rash and skin lesions develop
within {Q to 14 days in virtually all who are infected by the smallpox virus.
Because those infected are contagious only from the time the rash appears
to the time the resulting scabs tall off. and because subclinical cases play no
role in disease spread. tracing the chain of transmission is fairly straight-
forward. During the eradication period. when a case of discase was located,
the affected individual was isolated and potential contacts were vaccinated.
At the same time, an effort was made to find the person from whom the
patient had presumably contracted the disease. and that individual's con-
tacts were similarly vaccinated.

Perhaps the most ditficult part of the eradication effort was the develop-
ment of adequate national surveillance programs. since they were either
nonexistent or nearly so in all participating countries when the program
began. At the outset, it was evident that most smallpox cases were not being
reported even though smallpox was. by international treaty, a reportable
disease. It has been estimated that less than 1 percent of cases were being
reported when the World Health Organization’s (WHO) global smallpox
eradication program got under way in 1967 (Henderson. 1976a.b).

Thus. one of the early steps in the eradication campaign was 1o establish
discase reporting systems in countries that did not have them and to up-
grade the quality of reporting systems in countries that did. It was a tormi-
dable task. In African countries and in Brazil, this was often done by as-
signing teams of two to four persons to an administrative area that en-
compassed a population of trom 2 million to 5 million. The teams were
charged with regularly visiting health centers and hospitals to encourage
health personnel to report cases (or the absence of cases) each week. with
investigating and containing outbreaks. and with distributing vaccine and
vaccination supplies.

Theve teams plaved a vital role in the development and success of the
reporting system. Not only did they discover unreported cases, but their
prompt response 1o smallpox outbreaks also served to encourage case-
reporting by health workers. As the incidence of the disease fell, periodic
searches were conducted on a house-by-house basis. In some countries,
such as India. Pakistan. and Bangladesh, rewards were oftered for reporting
cases.

Another key feature of the smallpox surveillance effort. and one that is
common to all effective surveillance initiatives, was information dissemina-
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tion. Those taking part directly in the eradication effort. as well as others
with 4 “"need to know.” were regularly supplied with surveillance reports.
The reports contained weekly tallies of cases from each reporting unit,
comments, and other items of interest, such as specimen collection
procedures or information about other smallpox programs.

In 1971, teur years after the global campaign had begun. the number of
countries reporting smallpox cases had tallen from 34 to 16 (Henderson,
1976a.b). By 1975, only one country. Ethiopia, remained endemic for the
disease: two years later, the last known case of naturally occurring smallpox
was diagnosed. Finally, in 1979, after long and careful review, the WHO
certified the world free of smalipox.

Lessons FROM THE SMaLLPOX EXPERIENCE

Because every disease is ditferent, in terms of how it is diagnosed. whom
it affecis. and where it occurs, surveillance efforts must be individually
tailored. The experience with smallpox eradication was unique in several
respects. Most important. eradication is not the goal of most public health
activities that use surveillance. The fact that vaccination was the primary
tool used to combat the disease also sets smallpox apart trom most other
situations in which surveillance plays a role. Nevertheless. the eradication
campaign illustrated a number of important principles about surveillance
that might be applied to other efforts to monitor and control the spread of
infectious discases.

Onc of the most fundamental is that a reduction in disease incidence is
the ultimate measure of success in disease control. In the case of smallpox,
for example, tallying the number of vaccinations performed in order to
vauge the campaign’s success would have been of little value because the
immune response to the vaccine was not the same for all who were vacci-
nated. Not evervone to whom vaccine was administered was effectively
vaccinated in terms of protection from contracting smaltpox.' In addition,
as the eradication campaign developed. it became clear that special efforts
to vaccinate those at high risk. particularly contacts of infected individuals.
were the most effective strategy. By focusing on discase incidence. it was
possible to identify the epidemiological tactors responsible for cases of
discase that occurred despite ongoing efforts to prevent them. Once these

'Fatlures mrght be attributed to substandard vaccine (prior 1o 1970, when all vaccine used in
the eradication program met international standards tor potency and stability) or to poor (or
absent) host immune response. Many other vaccines are Jikely 1o be somewhat less effective
than smallpox vaccine (vacciniar nevertheless, they may be important and useful tools for
disease control.
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factors had been identified. disease control ctforts could be moditied ac-
cordingly.

The importance of flexibility in surveillance activities was underscored
carly in the cradication campaign. The initial strategy had been o conduct
mitss vaccimtions in every endemic country and at the same time improve
surveillance capabilities. It was felt that once 80 pereent of a country s
population was immunized. any remaining tfoct of nfection could be rapidly
identitied. contained. and ¢liminated.

Once the cantpaizgn was tnder way however, it became clear that schieyvine
the 80 pereent immunization goal might not be necessary, A more targeted
approach, called surveillance-containment. was tried. Infected individuals
were located and isolated, and known or suspected contacts were vacci-
nated. thus preventing the discase from spreading to others. The new strat-
egy worked because smallpoyn infection is never silent. because it spreads
slowly compared with many other infectious discases, and because vaccing-
tion could produce immunity within the incubation period for the discase,

Current U.S.-Supported Surveillance Efforts

Current ULS. surveillance eftorts include both domestic and international
components. Although the domestic program. in which a number of federal
government agencies participate independently. is fairly comprehensise,
LLS. international surveillance activities at this time are fragmented and
imadequate to detect emerging infectious disease threats on a tmely basis.

Doststic Errorys

Survetllance of infectious diseases in the United States is a passive pro-
cess. Berelies on physicians, hospitals. and other health care providers to
report cases to state and local organizations that arc responsible tor discase
surveillance. The Centers tor Disease Control «CDC) works in cooperation
with the states in monitoring the domestic incidence ot specific infectious
diseases (such as measles. mumps. rubellal pertussis, diphtheria, and hepati-
tis By, Each state has its own regulations regarding the reporting of specific
discases. These “nontiable™ diseases may duplicate or expand on the hist of
49 discases that are reportable to the CDC (see Table 3-1).

Notifiable Discases Surveillance

The bulk of the tederal reporting requirements are implemented through
the National Notifiable Diseases Surverllance System (NNDSSy. established
n 1961, The list of nationally notifiable discases s maintained and revised
as needed by the Council of State and Territorial Epidemiologists in col-
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TABLE 3-1 Discases Currently Reportable to the Centers for

Disease Control

Acquired immunodeficiency ssndrome

Anthray

Botuhism, toed boroe
Botudisa, wound
Brucellosis

Chelera

Diphthena

Encephalitin, post mumps
Encephahitis, primary
Granudoma mguwinade
Hepatits A

Hepatites, non-A, non-B
Legtoneliosis

Eayme disease

Makiaria

Memngococaal mtections
Pertussis

Poliomychns, paralstic
Rabies, anmal
Rheumatic fever

Rubelia

Shigeflosis

Syphibs. primary and sccondary
Fetanus

Trichunoss

Tularemin

Yellow fever

Amebiasia

Asepuy memngibin
Botwwhisnn mant

Botwutism_ unspecitied
Chancroend

Congemtal rabella syndrome
Encephalitis, post chichenpos
Encephalitis, post other
Gonorrhea

Hansen discse

Hepatins B

Hepattts, anspecitied
Leptosprrosis
Eymphogranuloma yenereum
Measles

Mumps

Plague

Paittacosis

Rabices, hunwn

Rocky Mountim spotied fever
Salmoneiloss

Syphalis, all stages

Syphilis. congental

Tosie shoek syndrome
Tuberculosis

Fophosd tever

SOURCE: Wharton et al.. 1990,

laboration with the CDC. Reporting of diseases on the hist is voluntary, with
the exception of the diseases that require quarantine: yellow fever, cholera,
diphtheria. infectious tuberculosis, plague, suspected smallpox, and viral
hemorrhagic fevers. Regulatory authority for disease surveillance in the
United States is provided through state legislation,

Reportable discase data are provided to the CDC on a weekly basis by
state health departments. New York City, the District of Columbia. Puerto
Rico. the Virgin Islands. Guam, American Samoa. and the Commonwealth
of the Northern Mariana Islands. Since 19840 disease reporting has been
accomplished through a computer-based telecommunications system, the
National Electronic Telecommunications System for Surveillance (NETSS).
The CDC analvzes the data and disseminates it an its Maorbidity and
Mortality Weekly Report. As of June 1990, aggregate or case-specific data

O

for a total of 49 intectious diseases were being reported to the CDC %y Gl
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ULS0sntes and termories, Individual states require reporting on more than
100 additional mtectious discases or mtectious diseise related conditions
(Centers tor Discase Control. 1991k

Data on discase incidence obrained through the NNDSS are anportant
tor public health deciston makimg. Data supphied by private physicrans and
laboratories. the points of contact within the health care system tor mdy
viduals who become il are corttical clements i this process. In those m
stances iy which a patient is diagnosed with o reportable discases this intor-
mation is supposed to be transnitted to the tocal or state health depariment,
Untortunately . this does not alway s happen. Laboratories may not have
sutficient resources tor reporting or may decide that reporting is unimpor-
tant. (Some states, however, require laboratories 1o report specific discases.)
Some physiciuns may be unaware of the requirement to report the occur-
reace of a specitic discase or may not appreciate the importance of such a
requirenient.

Gutbreah s of any discase that is not on CDC'S current list of notitiable
inesses may go undetected altogether or may be detected only after an
outbreak is well under way. In fact. except tor food-borne and waterborne
discases. the United States has no comprehensive national svstem for de-
tecting outbreaks of infectious discase. Emerging intectious discases also
are not usually detected and reported through estabhished survelllance ac-
tivities. Instead. private physictans who see small clusters of unusual cases
may report them in the medical Dteratare. What is needed 18 i@ way 1o bring
these small clusters to the attention ot the appropriate agencies i a timeh
manner.

The committee recommends the development and implementation of
strategies that would strengthen state and federal efforts in U.S, sar-
veillance. Strategy development could be a function of the Centers for
Disease Control (CDC), Alternatively, the strategy development and co-
ordination functions could bhe assigned to a federal coordinating body
(e.g.. a subcommittee of the Federal Coordinating Council for Science,
Engineering, and Technology's [FCCSET] Committee on Life Sciences
and Health,” specifically constituted to address this issue. Implementa-
tion of the strategies would be assigned to the appropriate federal agen-

“The CCOSET 1w a tederatly appomnted bods of experts that senve on seven stainding commu
tees and aot as i mechanmism for coordimating saence. engineenag, technoloey s and retated
actvities of the tederad covennent that involve more than one aeency Inaddion to condudt
mg cross-omhing anabyses of programs and badgets, the various conmustiees and then subcom-
mitees tmteragency working groupsh exannne wide ranging topres wath the zoal o reaching
consensus on tundamental assumptions and procedures that can gonde the = vaps ot the par
ticipatmg agencies 1 achieving therr nussion objectives more cftectinely.
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cies (e.g., CDC, National Institutes of Health, U.S. Department of Agri-
culture). Approaches for consideration could inctude simplifying cur-
rent reporting forms and procedures, establishing a telephone hotline
by which physicians could report unusual syndromes, and using clec-
tronic patient data collected by insurance companies 1o assist in infec-
tious discase surveillance.

The commuttee behieves that an exeellent example ot appropriate coordi-
nation of surveilance tand othery activities related 1o the emergencee of a
mucrobial threat 1o the ULS0 popalation s the recent eftort spearheaded by
the CDCL Recognizing the sertousness of the emerging mubtidrug-resistant
TB (MDRTB) epidemic. the CDC convened o federal tash foree in De-
cember 1991 at the request of James Mason the Assistant Secretary for
Health, This eftort resulied in the Narional Xcoon Plan 1o Combat Multidrug -
Resistant Taberculosis iNatonal MDR-TB Task Forcer 1992y The plan
Livs out a series of objectives, in the arcis of eprdemiology and surveil-
lance. Taboratory diagnosis. patient management, screening and presentive
therapy . intection control, outbresh control, program evaluation, informa-
ton dissemmation/traiming and education. and rescarch. These objectives
are hased on speaific problems identificd by the tusk force 10 meet these
ohjectines. The plan specitios a sertes of activities. responsible organiza-
tons. and tme trames forimplementation. The committee feels that o sinu-
Var sk Torce vould be convened to implement the above recommendation,
as well as the one presented later in this chapter on US. international
cltorts i surveibuance.

Nosocenntal Dapections Surveillance

A second nunor domestic disease surverlfance eftort is the Nationad Noso-
comial Intections Surverllance System (NNISS O which gathers data from
approvimately 120 sentine] hospitals, The NNISS 1s operated by the CDC's
Hospral Intections Program (HIPY i the nation’™s only database desoted
1o trackime nosocomial itections, which annually affect some 2 million
hospitalized panients. The svstem allows estimates 1o be made about the
merdence of nosocomial infections i the United States. and it provides data
that help o detect changes i patterns of incidence. distribution. antibiotic
drog resistance, sites of infection, outcomes of infection. and risk factors
tor nosocomuil infections,

Fach years the HEP reccives more than 5.000 nquinies about nosacomial
infectionss imdluding a small number that imvolve the management of acute
outbreaks, In the past 10 vears, HIP statt have imvestigated approvimately
F20 hospital outbreaks of imfectious disease (Centers for Discase Control.
199 1h).
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Hospials must apply tor membership an the NNISSD and ther ideniny
renons confidential, Membership s approved hased on adeguacy ot pe
sontiel support tor mtection control, avibabihiy o1 o computer compatibie
with the NNIESS software. and agreement of the hospital admimstation. The
sustem has several binntations, For example, ot cannot vorredt tor ditter
cnces among partiapating hospitads o diagnoste westing intensity o sur-
varllance. and provisions tor post dischuarge sunvedbunce. Phe requirement
that NNISS member hospitals have at feast 100 beds and the tact that a
relativeby smatl sample ot hospitds s imcluded i the system are potennal
sources of bias 1Gavnes ot alo 19900 Even soo the NNISS s the onby
nattonal database Tor nosocomad infections, and tis o onncal ¢lement in
the CDOS program to monitor discase incrdence.

The system is sull evolving, Carrent plans cadl tor naprovements i the
dissenumation ¢ NNISS datie the inclusion of o sunvalllanee component tor
imnunosuppressed paticnts. and the addinon ot more senunel hospitals.
among other cttorts tGaynes et al, 19970 These improvements should fead
to better detection ot outhreaks and widespread trends i the emercence of
resistitee among nosovormiad pathogens, The himned parbapation of hospt
tal~ i the NNISS. however remams a problem: as o result hittle mmprose-
ment will occur m nosoconual ~urvedlance o the more than 6,000 hospitals
that are not NNISS participants. Simce hospital survedbanee acuvities are
not incoms gencrating. there is hitde tmanciad momation tor hospatals 1o
become mvolved. Toas hikely thae acerednme agencies sl have o mandare
greater tull-time-cquuvadents betare the survertlunce and control ot these
pathogens witl improve in the majority ot hospitais,

The committee recommends that additional resources be allocated to
the Centers for Disease Control to enhance the National Nasocomial
Intections Surveillance System (NNISS) in the following ways:

1. Include data on antiviral drog resistance,

2. Include information on morbidity and mortality from nosocomial
infections,

3. Increase the number of NNISS member hospitals,

4. Strive to make NNISS member hospitals more representative of
all U.S. hospitals,

5. Envaluate the sensitivity and specificity of nosocomial infection sur-
veillance activities performed in NNISS member hospitals,

6. Determine the reliability of antimicrobial susceptibility testing
performed in NNISS member hospitals,
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Outhreak Survertlance

Since 19880 the CDC has participated with a number ot states ina pilot
project to develop a system tor computerized surveillance of outhreaks of
discases that are not currently notitiable. For food-borme or waterborne
outbreaks. reporting s required when two or more cases ocour: far other
outbreaks. the threshold for reporting is three cases. During o tnve-month
period i 1990, mine participating states reported 233 outhreaks nolving
6241 mdividual cases of discase tCenters for Discase Control, 1OV TR, Fhis
imitiatine should also provade data to help wdentify factors that increase the
rishs of outbreaks and mahke it casier (o assess the eltectiveness of
outhreak prevention and control measures.

Influenza Surveillance

To monitor influenza incidence and the prevatence of particalar virus
strains i thas country, the CDCLin addition (o participating in the WHO'S
global influenza surveillance network (see the Later discussion), operites a
domestic influenza sunscillance program. Data for the program come 11om
state and territorial health departments, U.S-hased WHO collaborating
laboratories (see Figure 3-2)0 P21 key ULS, cities. and “~sentined™ ULS, physi-
ctans, The epidemiological information these sources gather s analyvzed
and refeased to public health oft siads. physicians, the media, and the public.

Veoeas ro Surveillunce Information

Considerable etfort and resources are being expendded on the various
surverllance activities in which US. covernment agencies and the private
sector participate. Much ot this mformiation, however, is not readily acees-
sibic. There iy currentdy no single database from which o physician, re-
scarcher, health care worker. public health official, or other interested party
can obtain mformation on discase icidence. antibiotic drug resistance. drug
and vacome avatlabiliny . or other topics that might be refesant 1o intectious
discase surveitlance. prevention. treatment. and control. The need for such a
database s strongs given the current communications capabihities ot per-
~sonal computers and the relative case with which imtormation on a4 multi-
tude of topies can be accessed. a database 15 not only technologicatiy fea-
sible but could be o valuable addition to TS, surveillimee elforts,

The committee recammends that the U.S, Public Health Service develop
a comprehensive, computerized infectious disease database. Such a da-
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tabase might consolidate information from more specialized sources,
such as the National Nosocomial Infections Surveillance System
(NNISS), the National Electronic Telecommunications System for Sur-
veillance (NETSS), and the influenza surveillance system: it could also
include additional information, such as vaccine and drug availability.
As an alternative, expansion of currently available databases and provi-
sions for easy access to these sources should be aggressively pursued,
Also included in the implementation of such a program should be ex-
panded efforts to inform physicians, public health workers, clinical
laboratories, and other relevant target groups of the availability of this
information.

INterRNAIONAL Frroris

U.S.-supported overseas infectious discase laboratories huve plaved a
historic rele in the discovery and monttoring of infectious discases. The
United States and other nations first created these disease surveillance posts,
many of them in tropical and subtropical countries, i an eftort to protect
the health of their citizens who were sent 1o settie or administer recently
acquired territory. During and after World War I1 there was a second blos-
somting of ULS. government-supported international discase research and
surveillance activities. Several overseas laboratories staffed by Department
of Defense (Dob)y personnel were estublished. The Middle America and
Pacitic Research Units of the National Institutes of Health (NTH) were founded.
and Jater terminated. The Gorgas Memorial Laboratory. in Panamia, was
until 1991 supported by the United States. Privatels funded activities, fike
those of the Rockefeller Foundation Virus Program. were important con-
tributors to surveillance efforts. Other private foundations and universities
also played a role in surveillance overseas.,

Over the past two decades. the number of such facilities has declined.
fargely as a result of shifts in program prionities. This trend iv of concern to
the committee. particularly in view of the many important achicvements of
the Taboruatories that have been closed. The loss of these facilities has left a
major gap in LS. overseas infectious disease surveitlance, rescarch. and
training capabilities. Briet histories of some LS. -supported overseas labo-
ratories. several of which no longer operate, appear below. (See also the
section on research and training later in this chapter)y Table 3-2 s a hist of
current US. government-supported overscas infectious discase laboratories.

Pust Successes

The Gorgas Memarial Laboratory . The Gorgas Memorial Laboratory
(GML) in Panama. founded by the Gorgas Memorial Institute in 1928, was
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TABLE 3-2 Sponsors and Locations of Current VLS. Government-
Supported Overscas Infectious Disecase Laboraterses

Department of Detense
Brasil
Eeypt
Indonesia
henya
Peru
South Korea
Thanland
U8, Pubbe Health Serviee
Natonad Institate of Allergy and Infecuous Discases e NTATD L Nationad Distitutes ot Health
International Centers tor Tropreal Disease Research
Internattonal Collaboraton in Intfecthiots Diseases Research (1CTDR
Brasil  with Comell University
Brast  wath Harcard 1 ooversan
Brazib  with University of Virgimn
Brasil---with Vanderlt Universaty
Ineael -with Cotumbng Vonversaty
Sudan -with Brigham Young University
Venesuela wwith Albert Bainstemn College of Medicme
Tropical Medicine Research Centers (TMRO)y
Colombia —at Centro Internacional de Entranamiento ¢ Investigaciones
Medicas
Braszil at Federal Umisersity ol Bahia
Phitippines - at Rescarch Institute for Fropicast Medivine
Intermational Collaborations m AIDS Research (ICAR)
Brazil- with Cornell Universiny
Maiawi- with Johns Hopkins University
Mexico- with Harvard Universin

Sencgal-—with Harvard University
Uiganda —-with Case Western Reserve Univerany
Zaire - with Tults University
Centers for Disease Control
Cote d'Ivoire
CGuatemala
Kenya
Swerra Leone
Thailand
Zaire
Lo, Avencey for International Development
International Center for Diarrheal Discase Research— Bangladesh
A Shams University -Egypt cadministered by N1ATD)
Hebrew Universinn-- Israel tadministered by NIAID)
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throughout its existence funded directly by the ULS. Congress. although the
Panamanian government donated the facilities in which the laboratory was
housed. Named for General Withiam C. Gorgas. o UGS, Army physician and
engineer credited with controlling malaria and yellow fever during con-
struction of the Panama Canatl, the facility nitially concentrated its rescarch
elforts on malaria, feishmaniasis, and yellow fever, Later. in fruitful col-
laboration with the Middle America Rescarch Unite an NIH field station
(seve below), the GML conducted studies of many arboviral infections indig-
cnous to the American tropics. More recently . Gorgas scientists became
known for their work on sexualhy transmiatied diseases. human papilloma-
virts and cervical cancer. and hepatitis AL

In 1989, Congress decided that the money that historically had been
given to the GML on a noncompetitive basis should be awarded through an
open. national competiton (.S, Medicine, 1991y, The faboratory was un-
able to enter the competition for tunding, mainly because of s difficulty in
retaining protfessional staft as a result of the political situation in Panama.
The GML managed to survive through fiscal vear 1990, while atempts
were made to obtain tunding through a cooperative U.S. Agency for Inter-
national Development-Pan American Health Organization (USATD-PAHO)
effort. or through the CDC. When these attempts failed. the Gorgas Memo-
rial Institute relinguished the laboratory and its equipment to the Panama-
nian government and dismissed the staft. The Panamanian government has
mauintained the laboratory with a small cadre of scientists who survey den-
cue and leishmaniasis. and it is attempting to obtain funding from other
sources to expand the faboratory™s activities.

US. Army Medical Research Unit—Malavsia Tovestigations into the offi-
cacy of chloramphenicol for the treatment and prophs laxis of scrub 3 phus
were initiated by American military scientists in Malava in 1948, From the
tme it was formally established five yewrs later. the VS0 Army Medical
Rescarch Unit in Kuala Lumpur not only anvestigated discases o impor-
tance to the LS. military but also frequendy assisted the Malaysian govern-
ment in the investigation of discase outhreaks ot known and unhnown ctiol-
ogv. Over more than four decades of scientific studies, the Taboratory was
involved in research on serub typhus. typhaoid fever, Teptospirosis. malana,
and other tropical diseases (Oaks et al.. 1983). Much of what iv known
about the vector ot serub typhus (the Leprotrombidivm mite) was the result
of collaborative efforts between the ULS. Army Unit and the Institute for
Medical Research, Kuata Lumpur, i which the unit was housed (Ramanathan
et al., 1976). Despite these achievements, this Dob laboratory. which had a
strong rescarch record (particularly in the arca of vector-borne discases).
was closed in 1989 because of lack of funding,
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Rocketeller Fowidation Vires Program The Rockefeller Foundation Virus
Program was established in 1931 to investigate arthropod-borne viruses of
vertebrates (Theiler and Dowas, 1973) A number of foreign governments,
including India. Braszil, Trinidad, South Africa, Colombia, and Nigeria, joined
the effort. The program established @ virus laboratory in cach country in
collaboration with a local university or government health agency. The costs
of the rescarch were split about equally between the foundation and the howt
country.

The program. through its surveillunce of febrile and hemorrhagic dis-
eases, was responsible for finding und characterizing scores of new infec-
tous agents. In Belem. Brazil, for instance. more than 50 new tropical
viruses were discovered. incluamg cighy in Groaps C and Guama tha were
responsible tor debilitating. nonfatal jungle fevers common in those hising
in the Amazon region. Kyasanur Forest disease was discovered at the Rocke-
feller laboratory in Puna. India. Crimean hemorrhagic feser in the former
Union of Soviet Socialist Republics and Congo disease in East Africa were
linked through studies by the Rockefeller arboviras reference unit at Yale
University (YARLU). Several viruses related 1o rabies were discovered in
Africa. Program scientists also searched for viruses in healthy wild animals
and arthropods, an innovative approach to discase surveillance that identi-
fied a number of agents, such as the Oropouche virus in Trinidad and Brazil
(Theiler and Downs. 1973). Oropouche virus in later vears caused several
major tropical epidemics (Pinheiro et al., 1981 1.

Once of the deadliest of the agents identified by the program was Lassa
virus, which was isolated in 1969 at YARU from the blood of a sick mis-
ston nurse who had been air-evacuated from Atfrica (Buckley and Casals,
1970y, The discovery of this virus was the direct result of a surveillance
program to find new agents that were infecting African missionaries.,

The Rockefeller Foundation withdrew tunding for the virus program in
1971, based on a policy decision of its board of trustees. During ity two
decades of operation, the program was an outstanding catalyst for interna-
tional surveillance wnd rescarch. YARU continues with support from the
NIH. DoD. and WHO. Host country governments and international agencies
assumed financial support for cach of the tield Joboratories when Rockefelter
withdrew its support. In most countries. these Taboratories are now central
national resources for disease surveillance and wfectious disease research
(R. Shope. Director. YARUL personal communication, 1992),

Nuational Institutes of Health  In TOS80 the NIH established the Middle
Amcrica Research Unit tMARTU) to study tropical infectious discases. espe-
cially those of viral origin, in the U.S. Canal Zone. (A component of this
eftort was the U.S Army Medical Research Unit—Panama, which was charged
with research on histoplasmosis and other tungal discases of military im-
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portance.) Some of the MARU field studies were collaborations with the
Gorgas Memorial Laboratory. MARLU researchers conducted definitive studies
on Bolivian hemorrhagic tever, Venesuelan equine encephalitis in Central
America, and several viral infections that are transmitted by tropical
sandflies. In the mid-1970s, as a harbinger of decreasing ULS. government
commitment to international health research, MARU lett the NIH 1o become
part of the Gorgas Laboratory.

i 1960, the National Institute of Allergy and Intectious Diseases (NIAID)
established the International Centers for Medical Research and Training
(ICMRT) program to further support tropical disease research of benefit to
U.S, citizens. In collaboration with foreign universities and government
agencies, the program provided long-term overseas research training for
U.S. scientists. [CMRT grants resulted in broadly productive research pro-
grams that studied a wide variety of infectious and noninfectious discases.
In 1979, as part of an overall plan to scale back its involvement in rescarch
training activities, the NIAID discontinued the ICMRT program.

Loss of Capacity

The establishment of a new laboratory (particularly on foreign soil). its
statfing. and the development of a reputation for caretutly conducted. rigor-
ous scientific work are tasks that cannot be accomplished overnight. It is
unfortunate that the U.S.-supported overscas faboratories discussed above
were, for varying reasons, either discontinued or forced to scale back their
efforts. Their achievements had a profound impact on the level of scientific
knowledge of many previously known and newly recognized infectious dis-
cuses and their causative agents. A further loss is the many opportunities
they provided for U.S. scientists to develop overseas ficld experience and to
collaborate with foreign scientists and institutions, thereby acquiring infec-
tious disease surveillance information of importance to U.S. monitoring
activities.

Current Efforts

The purposes and entities discussed brietly below constitute current U.S,
efforts in international infectious disease surveillunce. most of which is
conducted through passive monitoring.

« The NIAID's International Centers for Tropical Discase Research
{ICTDR) program. Established as & means to provide more cohesion to
existing and newly initiated programs in tropical infectious discase research,
the ICTDR program laboratories. because of their geographic distribution
{see Table 2-2 above), are well situated to conduct surveillance for new and
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cmerging discases. (This procram and s subordinate clemems are
discussed momoere detatl in the rescarch and training section later in this
chapier.)

o The CDC's participation in the WHO global intluenza sarveitlance
network. Information obtained through the networt allows the CDC o pre-
dict the potential impact of influenza on the United Stwes 1o any given
vear. This information is ¢rucial tor mfluenza vaceine manulacturers, who
need a minimum of six months” fead time to prepare and distribute adequate
quantities of new vaccine.

As part of s international eftorts. the CDC produces and sends tiree of
charge)y WHO antluenza virus detection and identilication hits 1o 117 foy
cign nattonal WHO collaboraung Taboratonies and to 68 U.S. colluborating
taboswionios, THose Laberatorios collect and ddeniity ifloenza viras olates
and forward intormation about their findings, as well as actual virus samples.
to the CDC on a weekly basis. The CDC also receives influcnza virus
isolates and information from about S0 forcign laboratories, provides the
WHO with mformation collected from V.S, collaborating laboratories, and
receives weekly reports from the WHO on the Tevel of influenza activity in
the other reporting countries.

Laboratories and rescarch groups in several key areas ot the world, such
as the People’s Republic of China, Hong Kong. Singapore. and the Pacific
Basin., the arcas in which most new strains originate. are abso in regular
contact with the CDC. Recently. the global tinfluenza surveitlance syvstem
improved ity coverage ot the Far East. In cooperation with the Chinese
Nattemal Inthuenza Center in Beijing. the CDC has supported a national
survetllance network in the People’™s Republic of China. This network has
greatly increased the number and timeliness ot inftucnza isolates that are
available for analysis at the CDC from that country.

o The CDCs foreign ficld ~tations. Similar to the previoushh mentioned
NIAID ICTDR program. the CDC overseas affiliates (see Table 3-2 above)
provide passive surveillance information and expertise that s available to
the host country tor assistance ininvestigating outbreuaks,

» Rochefelfer Foundation™s International Clinical Epidemiology Network.
The nerwork trains physicians from other nations in medical epidemiotogy.
inctuding tections disease epidemiology. Through these efforts, a continu-
ing interaction with LS. universities is fostered. and collaborative activitios
atmed at infectious disecase sunveillance and response 10 emerging discases
are possible. (This program is discussed in greater detail in the rescarch and
training section later in this chapter.)

+ USAID-supported International Center tor Diarrheat Discase Rescarch,
Bangladesh AddCDDRB). Of almost equal importance o its contributions in
cholera epidemiology and treatment have been the pioneering efforts of this
laboratory in the surverllance of diarrheal discases throughout the Astan
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region. (Fhis program is discussed in greater detail i the research and
training section later in this chapter.)

o USAID s Program in Worldwide Control of Sevuadly Transmitied Dis-
cases (STDYHIV. This is a single-source contract to Famiby Health Interna-
tional, a non-profit organization committed to family planning: contracep-
tive safety. acceptability. effectiveness, and case of use: nanernal and child
health: interventions 1o reduce the ransnussion of STDs: and ather related

ISsUes.

Although the CDC appears to have o mandate for 1S, discase surveil-
Lance. other government agencies (e.ga the NIAID, US) Deparinent of
Agriculture [USDAL Dob.and USAID). private foundations, id universi-
tes may abo independentdy pliy magor or minor roles, Currenthy, there s
fittle coordination among these agencies and organzatieas regardimg ifee-
vous disease survedlance. The committee concludes that the ettfectveness
of their surveillanee activitios. particularly those pertaining to recognition
of and response o anerging microbial threats, could be greatly improved
by designating a central focus for such efforts,

The committee recommends that international isfections discase sur-
veillance activities of U.S, government agencies be coordinated by the
Centers for Disease Control (CDC). To provide the necessary tink be-
tween ULS, domestic and international surscillance cfforts. the body
that is established for this purpose should be the same as that suggested
eartier in the recommendation on domestic sueveillance. Alternatively,
a federal coordinating body (e.g.. a4 subcommittee of the Federal Coor-
dinating Council for Science, Engineering, and Technology s [FCCSET]
Committee on Life Sciences and Health, specifically constituted to ad-
dress this issue) could be assigned the coordinating function, Implemen-
tation of surveillance activities, however, should remain with the appro-
priate federal agencies (e.g.. the CDC, Department of Defense, National
Institutes of Health, U.S. Department of Agricultures.

Multilateral International Surveillance Efforts

The coordination celtorts of multilateral international organizations. such
as the WHO, are ontical 1o infectious disease sunveillunce. Without these
organizations, programs such as the successtul worldwide eradication of
smallpoy and the mterruption o polio tansmission in the Americas would
he hitile more than dreams. Any implementation of a global surveillance
system for emerging infections diseases must draw upon the capabilities of
such organizations. Some of the ongoing and past programs of two of these
bodies are discussed below,
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Waort D Heat it OraaNzatn

The WHO 1s a focal point tor survetllance data on giobal infectious
diseases. Under the Internationai Health Regulations, all countries texcept
Australia, Papua New Guinea, North Korea, and South Atrica) must report
to the WHO within 24 hours all cases of chaolera. plague, and vellow fever
(or any isolation of yelow fever virus from monkeys or mosquitoes). This
information 1s published in the WHOs Weekly Epidemiological Record.
Despite the requirement to do so. however, some countries are reluctant 1o
release surveitlance data, As a result, some outbreaks of these diseases are
never discovered or are discovered only retrospectively afier they have
subsided.

The WHO also operates a number of networks, composed ol selected
laboratories worldwide (eollaborating centers), that report and investigate
outbreaks of specific diseases. such as influenza and HIV discase. The in-
fluenza surveillance network is designed to monitor newly emerging strains
and subtypes of influenza virus, As noted carlier. the information it collects
is used to determine the antigenic makeup ot cach vear’s intluenza vaccines,

Among other activities, the HIV discase network is encouraging partici-
pating countries to do seroprevalence studies at sentinel sites (rather than
Just reporting numbers ot cases) and to develop trend data on infection: it is
also collecting geographically representative strains of HIV., More intor-
mally, the WHO gathers data about discase outbreaks through its contacts
with tourist agencies and international compantes. whose clients and em-
plovees often inadvertently act ax sentinels for new or emerging discases
when they become infected while traveling in other countries.,

As is true for many similar efforts, WHQO disease surveitlance activities
are hindered by incomplete reporting and a frequent failure to obtamn labo-
ratory confirmation of reported cases of disease. Most cases of yellow fe-
ver, for example. are diagnosed on the basis of clinical symptoms alone and
often occar in areas in which hepatitis or other tropical discases with simi-
lar symptoms are prevulent. Although the WHO makes every attempt w
obtain clinical specimens to allow a definitive diagnosis of reported cases.
this s not always possible.

The WHO often s involved in carly investigative etforts of newly
emerging or reemerging infectious diseases, such as Ebola and Lassa fevers,
yellow fever, and dengue fever. For example, when Ebola fever outbreaks
occurred in Zaire and Sudan. the WHO provided rapid-response teams,
composed of consultants from a number of countries, to help the govern-
ments of these nations determine the origin of the outbreaks and develop
control strategies.

At one time. the WHO supported a series of serum banks. established in
1960 by John Paul. a physician-epidemiologist at Yale University who is
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considered the father of climcal and serological epidemiology: the banks
contatned thousands of well-documented serum samples from many arcas of
the world. The collecttons were located in the Departiment of Epidemiology
and Public Health at Yale Universuy: the Institute of Epidemiology and
Microbiology. Prague. Czechoslovakia: the National Institute of Health. Tokyo.
Japan: and the South African Institute for Medical Resecarch, Johanneshurg.
The sera in these coliections were useful tor retrospective studies of spe-
citic disease agenis. For example. ustng serum collected in Barbados, inves-
tigators were able o estimate vaccine coverage for childhood discases and.
recenthy. to document HTLV-T antibody. The WHO withdrew its support for
these etforts in 1989, however, and 10 1990, most of the sera from the Yale
collection were transterred to the Nutional Cancer Institete, The oorseas
serum banks apparently are receiving minimal support from their govern-
ments. Without the tunding and coordimation provided by an international
organiziation ke the WHO, it 15 doubtful whether the serum banks will
continue o be mamntained. Expansion of these collections at this time iy
uncertiin at best (AL Fvans, Professor of Epidemiology and Past Director,
WHO Serum Roterence Bank, Department of Epidemiology and Public Health,
Yale Unmiversity. personal communication, 1992),

Pasy A ke w Heap 1 OrGanization

In 1985, PAHO proposed @ program to interrupt the transntission of
poliomyelitis in the Amcericas by 19900 In 1986, the year prior to the actual
start of the campaign. there were more than 900 confirmed cases of polio in
the region. By the end of 1991, as a result of extensive immunization cam-
patgns with oral poho vaccine, transmission appeared 1o be confined 1o only
one country in the entire Western Hemisphere. Peru (De Quadros ¢t al..
10911 Tn 1991, only eight solates of wild poliovirus were detected in the
Americas: sixoin Colombia (the last one in April 1991) and two in Peru (the
last one in September 1991,

As with the smallpox eradication effort nearly 20 vears carlier. survetlfance
has playved a critical role m the PAHO polio eradication strategy. From the
outset of the PAHO ceffort in September 1985, surveillance was o major
component of the program. A number of important indicators were monitored
by health tacilities. including the proportion of sites reporting cach week,
e mierval between diagnosis and the start of control measares. and  the
tollow -up of case~ (De Quadies ot ol 1991, Reporting of cases of acute
tHaccid paralysis tincluding negative reports) was required in all countries, and
by the ond of 1991, there were nearly 200,000 health units involved in the
reporting sy stem. with approximately 80 percent of them reporting every week.

A cadre of eprdemiologists was trained to do case investigation and
tollow-up to collect stool spectmens and institute control measures. Eight
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diagnostiic Laborwonies were wdenthied and their personnel trained o con
duct DNA-probe and polvmcrase cham reacton (PCRY assay s tor pohioviros
ideptification and characterization. Between I8 and 1991, 4 yearly aver:
age ol 4000 stool specimens were tested in s Laboratory network.
Twentyfour, I8 and 8 wild pohovirus isoliates were gdenttied in 1989,
1990, wnd 1991, respectively. This sunvetllance and Fiboratory network i
heing cypanded to include one o1 two other vaceine-preventable diseases.
The network has alveady proved 1o be ot great assistance i the detection
and follow-up of the cholera epidemic that recently struck the Western
Henusphere.

The Concept of Global Surveillance

Current U.S0and worldwide sarveilliance efforts are useful tor detecting
hnown imtectious and noninfectous discases. They fall short, however, in
their abihity 1o detect the emergence ol infectious discases. Ahlthough there
are solned examples of how such @ system could work. there has been no
cttort to develop and imptement a global program of sueyeianee tor conerg-
ing discises or disease agents dincluding agents swith newhy acquired drug
reststance). Current sunseillance efforts teven when adeguate in specilic
arcas for speditic diseasesy are not eftfectively linked: consequently . hnowl.
edge of smalt clusters of emerging diseases, even i detected. is not wadels
dissenunated. Added 1o these factors s declining interest in ~tudying. treat-
ing. and preventing infectious discases as ereasing atention has focused
on chronie degenerative discases.

To be cffective, any global infectious discase surseillance network must
be interactive and reciprocal. Tt is especially importiant that U.S.-tfunded
laboratories engaged i nfectious disease surveitlunce in forergn countiies
operate in partnesship with host-country facilities. Developing countries.,
Yor their part. contribute surveillance data, but they must alsa be provided
with & base of training and expertise. as wetl as with upgraded local surnveil-
lance. data acquisition. and analyvsis capabilities. The partnerships of U8,
acd focal facihities can work toward climinating deficiencies in these arcas.
Global sunveillance thus involves providing not only case numbers but the
knowledge, skills, and tools necessary 1o improve discase surveillanee and
response within and among countries and regions. Such an cffort. of neces-
sity o wil be multnational and will require regional and global coordination.
advice. and resources from participating nations. These wetivities would not
only beaethit cach participating country but, in the opinion of the committee,
constitate the mest economical means by tar for developing and supporting
a vlobal survetlbanee network.,

One of the higgest potential parriers to the baplementation of a glohal
survellance network is the transfer of information from and to remote sites
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in muamy developing countries that have madeguate telecommunicahons ca-
pabilitics. A new satelhite technology is curvently bemg tested that may help
resolve this dilemma The system uses a low-feve! communications satellite
that has two-way conumunications with remote ground stattons (cach cost-
ing approvimately S3.0000. The reguisie satetlite. which 1s now i orbit,
passes over every point on the globe at deast twice cach day. On cach pass,
it accepts information passed to it tfrom files stored moa remaote station’s
computer. The satelhite stores the received mformation and then transters o
10 the GPPropriate sUon on ils nest pass,

I'he system offers rescarchers and physicians i the developimg world o
stmpler and Tess costly alternative for communicating with therr peers and
accessing information (e.g.o seiennfic and medical journalsy. Tests ot the
system o are ongoing i several Bast African sites, and heenses for additional
testing sites are pending. Eventoally. additional satethtes will be phveed in
orbit to augment the system and provide more opportunities for data trans-
ter cach day (Pooll 1991 Clements. 19920 This technology may atlow the
carbier inclusion of many remote arcas oo global infectious diseise sur-
veillance network,

A surveillance network must do more than detect cases of discase. 1t
mu talso collect data on those cases. analy ze them i some usetul tashion,
and disseminate the tindings of the analvses 1o people who can use the
information. Surveillance alone, however, is insufficient to address emerg-
ing infectious discases adequately. A response miecluitntisny s gecessary as
well, Thus, the committee behieves that o global surveitlance network for
detecting emerging microbial threats should have four basic components:

1. a mechanism. based on cincal preseataiton., for detecting clusters of
new or unusual diseases or syndromes (see Boy 3-1x:

2. laboratories capable of identitying and characterizing infectious agents:

A an information system to record and analyze reportable occurrences
and to disseminate summary dataz and

4. a response mechanism to provide feedback to reporting agencies and
individuals and. if necessars. to mobitize investigative and control etforts
ot focal and international agencies,

Speditic elements of a global infectious discase surveillance system are
as follows:

= sustainability through continuity of funding:

» locally statfed surveillance centers to promote regional self-reliance
and tram local personnel:

o 4 rescarch component with finks to academic centers and other re-
gronal facilities invaolved in basic rescarch:
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BOX 3-1  Clinical Circumstances That Require
High-Priority Surseillance Efforts

o Acute respairatory disease

« Encephaliis and asepue meningitis

« Hemorrhagic tever

e Acute drarrhes

e Febrbe exanthems

o Other diseases with unusual chmeal syndromes
e Unusuad clusterings of discase or death

« Resistance to common treatment drugs

« a network of laboratories/diagnostic tacihties with people trained to
examine specimens, identify isolates. search for clinical svndromes. prepare
and distribute reagents, and develop physical and molecular markers for
identification (these facilities should have discretionary capability o re-
spond appropriately 10 emerging diseases by, for example, identifyving caus-
ative agents and notifying appropriate national health authorities):

o tull clinical documentation of unsolved cases. with a system for
archiving sera and pathological specimens:

« o chintcal arm for hospital-based surveillance and drug and vaccine
triads:

o a targeted disease approach with broad reporting criteria for mavi-
mum retricval of data (e.g., “disease targeted: polio: reporting criterion:
acute flaccid paralysis™y:

» an cffective specimen collection and transport system: and

o an active system of data analysis and dissemination. with feedback 1o
those providing data.

The WHO S global influenza surveillance network and its collaboranng
centers for specilic discases. PAHOs polio eradication program. and previ-
ous efforts such as the WHOs smallpox eradication program and the Rocke-
teller Foundation™s virus program., although all limited in scope. are never-
theless usetul models 1o consider in the design of a global infectious discase
surveillance systent. The strengths and weaknesses ot cach component ot
these past and current programs should be carefully evaluaied.

In the case of current programs, when withdrawal of support threatens to
close down a surveillance network, consideration should be given to pre-
serving those components that prove to be of value. The intrastructure ot a
successful program cun i some cases be continued and put to use m the
cause of monitoring other diseases. The smallpox eradication surveillance
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network is a good example. With appropriate planming and support. that
networh might have been shifted o surveitlance for other discases and now
be usetul s abasts for a global infectious discase surveilliance system.

The committee recommends that the United States take the lead in pro-
moting the development and implementation of a compreheasive global
infectious disease survetllance system. Such an effort could be under-
taken throovgh the U.S, representatives to the World Health Assembly,
The system should capitalize on the lessons from past successes and on
the infrastructure, momentum, and accomplishments of existing inter-
national networks. expanding and diversifying surveitlance efforts to
include known diseases as well as newly recognized ones. This effort, of
necessity, will be multinational and will require regional and global
coordination, advice, and resources from participating nations,

INTERVENTION

The response to an emerging infectious agent or disease necessitates
coordinated efforts by vartous individuals. organizations, and industries.
The committee believes that the current TS, capability for responding to
microbial threats 1o health facks organization and resources. This section
addresses these deficiencies. It begins by discussing elements ot response
that actually precede mtervention (the LS. public health system and the
rescarch and training intrastructure), and it concludes with a discussion of
and recommendations for specific interventions (in vaccine and drug devel-
opment. vector control and public education and behavioral change).

The U.S. Public Health System

Discase assessment. which includes the carly recognition ot emerging
nucreobial threats. iy the toundation on which knowledgeable public health
policy decisions are based. In the United States. principal responsibility tor
protecting the public’s headth rests with the 56 state health departments. or
their counterparts, and more than 3,000 local health departments. At the
federal fevel, the national focus tor discase assessment is the CDCL

A TO8K Instiate of Medicime (TON) veport, The Futire of Public Health,
deseribed the ULS. public health system as being i a state ol disarray,
which resulted "o hodgepodge of tractionated interests and programs,
organizational turmoil among new agencies. and well-intended bur unbat-
anced appropriations: without coherent direction by well-qualified profes-
stonals. 7 The report also cited several other problems,

« Many state and local facibities Tack the capabtlity for assessing health
status.
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o Pohicy at all levels often develops as a result ot immediate and press:
ing needs rathe than from analysis of carctully collected data.

« Uncqual access to public health services means that certaim populi-
tions, such as the poord recenve inadequate medical care.

+ Public health leadership, particularly at the state and local Tevels, sut-
fers from inadequate technical hnowledge and rapid turnover, among other
things,

It is the perception of this committee that there has been fittle positive
change in the state of U.S. public heatth since the refease ol the 1U8K TOM
report. As partial evidence for this statement, the recent rapid increase in
measles incidence (which is now beginning to subside) and the current
upswing i cases of taberculosis (TBY Gincluding multidrug -resistant dis-
case) can be offered. These emerging disease problems are largely the result
of complaceney—a misguided perception that the advanced 1S, health
care system with ity array of medical technologies is able to disarm almoss
any infectious disease.

In the case of meastes suceessful vaccination programs had dininished
disease incidence to such a degree that the public, health care professionals,
and public heabth organizations reduced their levels of vigilance and eftort,
The result was a resurgence in the disease that only last year reached o
peak. Partly as a response. Congress appropriated an additional S40 million
m 1992 (a 19 pereent increase over 1991 to support the CDC immunization
program. The money was targeted at children under the age of two hiving in
communities in need. such as inner cities (National Foundation for Infec-
tious Discases, 1991,

As discussed carlier. the declines in incidence of TB since the carly
19305 led to a behet held by many public healih officials. beginning m the
carly TOR0s, that the discase no longer posed a significam health problem.
Rosearch efforts waned. and in 1986, the CDC's surveilbance program for
tracking TB drug resistance trends was terminated, fncreases in homelessness,
poverty, substance abuse. HIV infection. and active TB among immigrants
have now contributed 1o a resurgence i TB cases (Fox, 199250 which has
been further complicated by outhreaks of multidrug-resistant TB (MDRTB)
and poor avatlabibiy o unavatlability of some antituberculosis drugs. As
recently as 1989, the Department of Health and Human Scervices developed
a national plan to climinate TB as @t health problem in the United States,
and at that time. the prospects appeared excelent for suceess, The plan was
not mmplemented. however, because of both insutficient resources and a
Lwk of conviction regarding the plan’s effectivencess.,

An aggressive response to the current TB/MDRTRE crivis is now heine
pursucd. A national coalitior of more than 40 patient and provider orgam-
sations has been formed to address TB ehmination issues «U.S. Department
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of Health and Human Services, 1992). Senior NIH and CDC officials are
devoting more attention to the discase. in the form of rescarch and public
education. In April 1992, the Food and Drug Administration (FDA) ar-
ranged for a limited supply of streptomycin and para-aminosalicylic acid
manutactured outside the United States 1o be availuble through the €CDC
under an investigational new drug agreement (Centers for Disease Control,
19924). The FDA has also recently identified U.S. pharmaceutical compa-
nies that have agreed to manutacture these drugs and make them commer-
cialfy available by late 1992 (Centers for Disease Controll 1992 In addi-
tion. the FDA has promised to expedite the review process for TB-related
products (Fox, 1992). Most recently. the CDC published a Nutional Action
Plan to Combatl Multidrug-Resistant Tuberculosis. The plan lays out a se-
ries of specific activities {with organizational responsibility and time tframes
tor action} that address nine objectives identified by the federal task force
(National MDR-TB Task Force. 1992).

These responses. tike those related to the resurgence of measles, are
potentially of value in resolving the current problems with TB and MDRTB
but they are reactive, not proactive. 1t is the committee’s view that preven-
tion of infectious diseases must be continually stressed it the U.S. public
health system is to be maintained or, preferably. improved. Efforts directed
at the recognition of and responses o emerging public health problems,
particularly emerging infectious diseases. would help to achieve this goal.
The country’s recent episodes of mcastes and TB resurgence should rein-
force the importance of upgrading and maintaining the U.S. public health
system at atl levels, Experience has taught that, in the long run, preventive
action is generally more cost-elfective than reactive response. For example.,
the current cholera epidemic, as of mid-1991. had cost Peru's economy an
estimated $43 million in medical costs alone. Had that amount been spent
over the past few vears to provide clean water and adequate sanitation to
the people of Peru. it is likely that the epidemic would not have progressed
10 its current state (Misch, 1991). Other examples of cost effectiveness
include measles vaccination and the global eradication of smallpox. The
benefit-cost ratio for measles prevention ranges from 11.9:1 to 14.4:1. de-
pending on whether the vaccine administered is measles antigen alone or a
combined vaccine tmeasles. mumps. and rubella)y (Hinman et al.. 1985). It
has been estimated that. in 1967, global expenditures on smailpox annually
were $1.35 billion. The 13-year (1967-1979) global smalipox cradication
campaign totaled $299 million ($23 million per year). almost a 60-fold
annual savings (Fenner et al., 198&).

Microbial discase assessment is a shared function. State and local health
departments: the CDC: health care providers: private laboratories: schools
of medicine. public health, and veterinary medicine: the FDAL the US.
Diepartment of Agriculture (USDA): and the NIH all contribute. The cxist-
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mg system for assessing microbial threats in the United States is based ona
myriad of laws. practices, organizational structures, and shared responsibiti-
tes Assessment capabilities, resogrees, and fevels of comumitment vary wideh
among the parncipants.

The nation’s capacity for assessing nierobial threats could be improved
by strengthening the public health intrastructure to carry out assigned func-
tions of discase assessment, policy desclopment, and assurince ot heidth
with rexpect to microbial threas. Improving cooperation through the forma-

tion of consortia of schools of medicine, public health, and yeterimary medi-
cine, and departments of public health night also be an effective strategy .
as would the wvailubility of cmergency tunds to imvestigate. conduct re
search and surveillance on. and control mugor new or reemerging infecnoas
diseases.

The quality of infectious discase sunveillmee vanes according 1w the
quality of discase reporting required by states from health care providers.
Alert and capable chinical and. espectally . Taboratory st are also cricial.
In addition 1o surveillance. effective assessment of microbial threats re-
quires epidemiological and taboratory rescarch. and investigative capabili-
ties at all fevels of the health intrastructure. Without cach of these. o public
health ssstem has ittle chance of succeeding.

The current VLS. cconomice climate has done tittde 1o help public health
inittatives. which for veuars have lached sufticient resources. Declining bud-
gets e Torced many local and state organizations to cut back on public
health programs. Withoot <trong Jocal and state programs. the ability of
federal agencies to promote the public health ts grealy diminished. Dimin-
ishing resources have particularly threatened the state laboratories, which
carly in this century were major contributors to public health microbiology.
The boles in the fabric of diagnostic. investigative. and rescarch capabilities
created by the dwindling activities of state laboratories are seldom repaired.

There is some indication that the United States™ weakened public health
infrastructure has become a concern ta policsmakers. Recently, the ULS.
Public Health Service (PHS) published o plan designed to strengthen the
L.S. public health infrastructare (Assistant Secretary for Health™s Public
Health Service Task Foree to Strengthen Public Health in the United States.,
1991). This document apparently comes as a response o The Future of
Publiv Hewlth thnstitnte of Medicine, 1988y and the national prevention
objectives set out n Healthiv Peaple 2000 (U8, Department ot Health and
Human Services, 19900 and Healthy Conmmuniiios 2000 ¢ American Public
Health Assoctation et al. 1991). The proposed PHS plan Lavs out strategieos
to improve survettlance, epidemiotogy, and communication, the three ke
arcas identified o the 1988 TOM report. In reviewing these strategies, the
committee tound that a number of them were particularly applicable to
cmerging discase issues (see Box 3-2) morcover ol implemented. these
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BOX 3-2 Extracts from Plan to Strengthen U.S. Public Health

Assesyment strategy {2 Developing health information and health intorma-
tion systems that are usetul to legislative and executive governmental bod-
ies at the Federal, State, and local levels, and (o other groups and organiza-
tions.,

« CDC: Establish 10 regronal centers for prevention and control of nosoconmial
infection linking about a thousand hospitals in a natonal survetllance net-
work.

« CDC: Establish a county sentinel surveilliance system for foodborne
discases.

o CDC: Establish mechanisms to collect the dari through surveys and
public health surveillance systems, and analy 2¢ and link data from existing
data sets.

Assessment straregy 30 Building the capacity of States and tocal health
departments and other relevant organizations to use health information sys-
tenms o prevent disease, promote health, and increase access to services in
their community.,

« NIH: Support training grants and contracts that assist in developing
health personnel, including training for epidemiologists, biostatisticians,
and behavioral scientists,

« CDC: Develop State and local expertise, through traiing and person-
nel development. and provide assistance for the conduct of epidemiotogi-
cal investigations and studics designed to assess the health status of subject
populations.

Policy development strategy 20 Developing strategies and programs to re-
alize the goals,

« NIH: Support research to develop or improse vaccines against organ-
1sms causing such diseases as diarrhea (rotavirus), pertussis, influenza, and
HIV infection and against cancer causing viruses.

Assurance strategy T Developing and maintaining the capacity of public
health agencies at the State and local levels, and other organizations. 10
plan. implement. wnd assure the quality of the services that they provide or
need to provide.

« FDA: Take a proactive approach to case the entry of biotechnology -
based products into the marketplace by facilitating and maintaining contact
with manutacturers from the initial development stage of the approval pro-
COSSL

» CDC: Develop training programs for incorporating state-otf-the-art in-
formation and techmgues into prevention and control programs tor intfec-

tious discases,

141
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Contmaed from provious e

Msuwrance straregy 30 Helping w ensare an adequate supply of appropr
ately trained health personnet.

o NIH: Develop an active mtramural troning and education program for
scientists and assist in placig tranees inacademic institutions and health
departments throughowm the nation.

* NIH: Support the PHS Epidemiology Fellowship Program o increase
the number of biomedical epidemiologists and attract them w PHS.

» CDC: Establish o traming program to insure the development of 4
system to provade State and local headth department personnel with stale-
of-the-art sKitls i diagnostic evaluation and testing Yor infecuous discases,

Source: U.S. Department of Health and Hurean Services, 1991,

strategies willoin part. respond 1o recommendations made in this report.
Consequently. the commitice supports the implementation of these strate-
gies (Assistant Seeretary tor Health™s Public Health Service Task Foree to
Strengthen Public Health in the United States, 1991,

Research and Training

Muny of the tactors that are responsibie tor. or that contribute to. emer
genee of infectious diseases are now known. However, our understanding of
these tactors and of how they interact is incomplete. We are a considerable
way from being able 1o develop strategies o anticipate the emergence of
infectious discases and prevent them trom becoming signiticant threats to
health. Nevertheless: the committee sees the development of such strategies
as o desirable Jong-term coual and concludes that rescarch to achieve it
should be strongly encouraged. Rescarch of this kind will often be interdis-
ciplinary in natare and might include. for example. the development of
strategies to determine the potential for certain microorganisms to emerge
or of methods to assess the potential environmental and microbiological
conseguences of development projects. Basic research in support of this
goal should also be encouraged.

Because emerging microbes are not limited by geographic boundaries,
rescarch focusing on emerging infectious discases must involve scientists
worldwide. Although this report focuses on U.S. public heahth, the impor-
tance of international research links and coligborations must not be torgot-
ten. Furthermore. the success of global surveillance tor these microbes de-
pends i opart on an infrastruciure that wcludes viable research programs in
nations on all continents. The United States could take a feading role. through
the WHO. to develop a program of international intectious discase rescarch
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and 1o enlist the participation of other pations and of foundations. This
program could be targeted to research on specific emerging microbes, in
addition to those already addressed by two extrabudgetary programs of the
WHO: Special Programme for Research and Training in Tropical Diseases
(TDR)» and the Vaccine Development Programme (VDP). The TDR ¢ncom-
passes research on selected parasitic discases and eprosy. The VDY wup-
ports research on vaceine development using moleculiar approaches. Fhe
international aspect of these etforts is one of their most prominent features.
The funding is multinational, the review steering committees are composed
of scicatists from many countries. and scientists from any United Nations
member nation may compete tor tunding under cither program. These ef-
forts may be usetul models for a global infectious discase rescarch program.

In July 1991, the NIAID convened a task force on microbiology and
infectious diseases to adeatity promising research opportunities and to rec-
ommend research strategies for future NIAID programs. The report of the
task torce was released in January 1992 (U.S. Department of Health and
Human Scrvices. 1992), This committce has reviewed the report. believes
that its and the work of the task torce are complementary. and supports the
conclusions and recommendations of the NIAID group. Following are 11
recommendations from the NIAID report that are particularly pertinent to
dealing with emerging microbial threats 1o health:

L. Every effort should be made to continue and expand basic rescarch on
microbial pathogenesis. These studies. using state-of-the-art techniques, should
provide a detailed knowledge of how microbes cause infection and discase.

2. More needs to be known about the insccts that serve as vectors for
infectious agents and about the interactions of microbes with their vectors.,

3. fdentifyv, through basic rescarch on infectious agents. new molecular
targets amenable for drug destgn. and improve methods for their cloning.
expression, purification. and crystallization.

4. Establish a new mechanism to facilitate the production of experimen-
tal vaccines on a pilot-plant scale under conditions suitable for their subse-
quent wse in clinical studies.

5. Fundamental studies should be aimed at providing ideal vaccines that
would be entirely safe and would be as effective as current vaccines that are
composced of infectious microbes,

6. Increase the rescarch tocus on prevention of infection.

7. Promote multifaceted approaches to discase control that cutl across
ditferent disciplines,

8. Increase the research focus on sect and tck vectors of disease.

Q. Rescarch support for the surveillance of infectious diseases should be
increased to enhance the detection of emerging infectious discases in the
United States,
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10. New biomedical technology should be applied to the detection. iden-
tification. and control of emerging imfectious pathogens,

11, There should be an increase m the support for international research
untts study g infectious discase outside the United Stnes,

Much has been written about the present and projected future shortage of
scientists, physicians, and others trained to conduct basic and applied re-
search on infections discases. Previous reports from the National Research
Councit and the TOM. for example. have stressed that there are shortages of
several kinds of cructal personnel: medical entomologists (National Re-
search Council. 19830 climcul specialists trained in tropical discase diagno-
sis, prevention, and control: biomedical rescarchers (National Rescarch
Council and Institute of Medicine. 1987)0 and public headth specialists (In-
stitute of Medicine. 198&).

Although this committee was not charged with examining issues related
to personnel. it considers it important to register ils concern about these
shortages. Particularly troubling is the personnel situation in very specific
disciplines involving the study of uncommon organisms such as rickettsiac.
In these instances, the committee s concerned that suppoert for training and
carcers for interested students is insufficient to ensure that future research
programs i these disciplines will be adeguatety statfed.

Recently. much intectious discase rescarch has shifted toward an ap-
proach primarily based on molecular biology, a discipline that the commit-
tee believes is eritical to the prevention and control of infectious discases in
general. As important, however, is that the nation maintain a core of gener-
alists (who are well versed in molecular biology) to respond to emerging
and other infectious discase problems. Therefore, the committee urges that
future traiming m molecular biology be integrated with training in clinical
infectious discases, epidemiotogy, medical microbiology . entomology, tropicat
medicine, and public health,

There are o number of programs managed and supported by ULS. govern-
ment agencies and ULS.-based foundations that conduct rescarch related to.
and train people i, the recognition. epidemiology. prevention, and contraol
of emerging microbial threats. In addition to those programs that are dis-
cussed below o several oaiers should be noted. all of which support interma-
vonal rescarch and capacity building in epidemiofogy. health policy. and
management. These include the National Epidemiology Bouards (NEB).,
sponsored by the Rockteller Foundanion: the Community Epidemiology and
Health Management Network (CENL sponsored by the Ford Foundation:
and the International Health Policy Program (1HPP), sponsored by the Pew
Trusts and the Carnegie Foundation (Commission on Health Rescarch tor
Development, 1990y, Whether they involve S0 or foreign scientists, hive
a broad or narrow focus, ald of these programs contribute in some way 1o
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the international capability 1o recognize and respond to emerging microbial
threats to health,

The ROCKEFELLER FouxpanoN

In 1980, the Rocketelter Foundation established the International Clini-
¢l Epidemiology Network (INCLEN) to train junior medical school faculty
from developing countries in the discipline of epidemiology. After receiv-
ing their traiming. these individuals return to their home countries where
they becomie part of a medical school-based Clinical Epidemiology Unit
(CEU) that helps evaluate the availability, eftectiveness, and etficiency of
health care in that nation. Faculty who complete a program at one of the
five Chimcal Epidemiology Resource and Training Centers (CERTC) re-
ceive a master’s degree in one of several disciplines refated 1o clinical
epidemiology. The five CERTCs are focated at McMaster University. Ontario,
Canada; Untversity ot Newcastle. New South Wales, Australia: University
of North Curolina at Chapel Hill: University of Pennsylvania in Philadel-
phia: and University of Toronto. Ontario, Canada (International Clinical
Epidemiology Network. 1990,

The INCLEN program has resulted in the establishment of more than 25
CEUs in medical schools in Africa. Asia, India. and Latin Amernica. The
goal of cach unit is to provide training to at least six epidemiologists, a
biostatistician. a health economist. and a social scientist. CEU staft are to
conduct research in areas that have a measurable impact on health or health
care policy. In addition 1o supporting training at the CERTCs. the INCLEN
program organizes annual scientific meetings and conducts site visits to
evaluate progress at CEUs tInternational Clinical Epidemiology Network,
1990),

The hope is that selected CEUs will eventually become CERTCs. thus
expanding the network. Closer links with other international training pro-
grams (e¢.g.. the CDC’s Field Epidemiology Training and International Health
and Policy Programs) are being pursued (International Clinical Epidemiol-
ogy Network. 1990},

Naitonarl INstTeres oF Heal i

As part of its mandate, the NIH conducts research and tramning that
covers a broad range of infectious and tropical infectious diseases. Both in-
house and extramural programs contribute to this effort and are under the
direction of the NIAID.

o In 1978, the agency established the International Collaboration in In-
tectious Disease Research (ICIDR) program. With both an international and
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a domestic component, ICIDR efforts focus on the study ol tropical inlec:
tious diseases and are designed to promote collaboration and exchange of
scientitic knowledge between scientists from the United States and their
overseas counterparts. The majority of the research under this progriom must
tahe place 1w the country represented by the toreign collaborator, which
allows TLS. scientists to develop oserseas work experience. therehy mcreas-
ing their understanding of endemic diseases in other countries and their
value as a potential resource for investigating disease outbreaks.

o The Tropical Discase Rescarch Units (TDRU)Y program. initiated in
LORO. encourages rescarch in tropical infectious discases. A wholly domes-
tic program. the grunts allow investigators to use state-of-the-art technology
in the study of tropical mfectious diseases mciading the siv disciases —
filarasis, leishmaniasis, madaria, Teprosy, scle somiasis, and trypano-
somiasis—designated by the WHO as major health problems in tropical
countries.,

* Recently. the NIAID imittated the International Centers for Tropical
Disease Research (ICTDR) program. swhich is designed to coordinate the
institute s efforts in tropical discases and international health, Tt s antici-
pated that the program will create a forum to promote more efficient use of
resources, provide a means to identily targets for further rescarch. and stream-
line future planning. In addition o the ICIDR and TDRU programs. the
ICTDR imtiative wall comprise the Tropical Medicine Research Centers
(TMRCy and the Intramoral NIATD Center for Internationat Discase Re-
search (INCIDR) programs established in 1991, as well as the AIDS Re-
scarch Diviston and Office of Tropical Medicine of the NIAID. Table 3-2.
in the earlier section on Recognition. showed overseas locations aftitiated
with the ICTDR program.

These NIH-supported programs do not specifically address the emer-
gence of infectious discases. Proposed rescarch to investigate gquestions re-
lated to disease emergence currently is unlikely to receive a high priorin
for findine an issae of concern to this committee. To deal with the prob-
lem. the committee suggests that the NH and other funding organizations
issue requests for proposals {REP) that address specific issues related to
mfections disease emergence. for example. those involving agent, host, vee-
tor, or environmental emergence factors,

The committee recommends the expansion and coordination of National
Institutes of Health-supported research on the agent. host, vector, and
environmental factors that lead to emergence of infections diseases. Such
research should include studies on the agents and their biology, patho-
genesis, and evolution: vectors and their control: vaccines: and antimi-
crobial drugs. One approach might be to issue a request for proposals
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(RFP) to address specific factors related to infectious discase emer-
gence.

Cenrtrs +OR Diseast Conviran

The majority of research and training supported by the CDC in the arca
of infectious discases is conducted by the National Center for Infectious
Discases (NCIDyY. The CDC does not maintain formal overseas labora-
tories. but it does support a number of foreign field stations that carry out
infectious discase rescarch and training. These mitatives are collaborative
Sffertowith the bost country (sce Table 2-2 in the carlier section on Recog-
nition ).

The CDC is home to more than 40 WHO collaborating centers. more
than halt of which are housed inthe NCLDL In addition. the CDC has nearly
S0 employees stationed in foreign countrics, many of whom are involved in
activities related to infectious discase. I fiscal 19900 the agency mounted
25 international emergency responses. 10 of which were related to infec-
tows discase outbreaks. Agency research personnel were sent to. among
other locations. Brazil (Brazilian purpuric fever). Bolivia (yellow fever).
Netherlands (fifovirus in monhevs), and Uganda tmeningitisy. In fiscal 1991,
CDC personnel were mnstrimental in investigations of the cholera epidemic
in Latin America tASM News. 1992y,

From the mid-1960s to early-1970s, the CDC administered an extramural
program that awarded grants to academia and other institutions for research
in infectious discase prevention and control. Thix program. discontinued in
1973 by the CDC as a resubt of tight Tunding (the legislation for this pro-
gram then lapsedi. supported up to 102 separate research projects and var-
ied trom a high of approximately 3.9 million in tiscal vear 1969 10 a low
of 1.7 million in its final vear. Examples of arcas in which support was
provided included the evaluation of immunization techniques and the result-
g eftects on the immunity of populations, the developiient and evaluation
of Luboratory diagnostic tests, field studies on the epidemiology and control
of specific discases. and detining health hazards related 1o pesticide use.
The committee concludes that the now defunct program filled a need for
support ina critical area of research.

The committee recommends increased research on surveillance meth-
ods and applied control methods, on the costs and benefits of preven-
tion, control, and treatment of infectious disease, and on the develop-
ment and evaluation of diagnostic tests for infectious diseases. Reinstating
and expanding (both in size and scope} the extramural grant program
at the Centers for Discase Control, which ceased in 1973, would be one
important step in this direction, Similarly, the FDA extramural grant
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program should be expanded to put greater emphasis on the develop-
ment of improved laboratory tests for detecting emerging pathogens
in food.

The CDC’s Epidemic Intelligence Service (EIS) provides health profes-
stonals with training and field experience in public health epidemiology.,
The two-year program graduated 70 EIS officers in {991, EIS officers are
assigned to CDC headquarters, one of CDC's seven domestic field stations.,
state and local health departments. or, on occasion. to other federal agencies
such as the FDA or the NIH. Under the tutelage of an experienced epidemi-
ologist. EIS officers carry out epidemiologic research and investigations.
Over tour decades, officers have participated in investigations of such prob-
lems as the Hong Kong influenza epidemics. Legionnaire’s discase and
toxic shock syndrome outbreaks. and the current HIV/AIDS pandemic
(Thacker et al., 1990).

The EIS program is and will continue to be an important source of
experienced public health epidemiologists. 1t is also the model for another
evolving program. the joint CDC/WHO Field Epidemiology Training Pro-
gram (FETP). Begun in 1980, FETP's first efforts were in Thailand. Other
FETPx have followed in Indonesia. Mexico. Peru, the Philippines. Saudi
Arabia. and Taiwan. The programs are funded by the host country and
international organizations, such as the WHO. FETP« provide their host
countries with ficld-oriented epidemiologists who can actively participate
in the development and implementation of needed disease prevention and
control programs (Music and Schultz. 1990).

The committee considers the EIS and FETP two of the nation’s primary
resources tor the training of epidemiologists. Current and former EIS offic-
ers and FETP graduates are important sources of information on emerging
diseases. Moreover, because these individuals form an informal global net-
work, their participation in the implementation of a global surveillance
system for infectious diseases could be particularly valuable. Currently,
however. their distribution is geographically restricted because of the lim-
ited number of graduates each year.

The committee recommends the domestic and global expansion of the
Center for Disease Control’s (CDC) Epidemic Intelligence Service pro-
gram and continued support for CDC’s role in the Field Epidemiology
Training Program.

Deparryvent oF Dereast

The seven overseas medical research laboratories maintained by the
DoD are the most broadly based international infectious disease research
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taboratories supported by the United States. DoD has wnaintained overseas
rescarch activities since 1900, when the Yellow Fever Conunission was
established in Cuba. The U.S. Army supported laboratones in the Philip-
pines trom 1900 10 1934, and in Panama from 1936 to 1945, During World
Wur [ the Navy established a tropical disease research laboratory on
Guam. which was Jater designated the Naval Medical Research Unit No. 2
(NAMRU-2Y This was followed by the establishment of additional Libora-
tories in Burmia and Egypt. the fatter being the forerunner of the current
NAMRU-3 Lnboratory in Cairo (Armed Forces Epideniological Board. 1991).

Since that time. the Do) has supported a total of 20 strategically located
overseas laboratories, research teams. and research units. At present. the
department operates laboratories in Thailand. Indonesia. Egvpt. Bruzil. Kenya,
Peru. and Korea: all of them cooperate with scientists of the host country
and serve as focal potnts tor basic and applied disease research. especially
on discases of military significance. In addition to being well situated to
recognize and study emerging disease threats, the Laboratories are valuable
sites for testing new drugs and vaccines, since they are located in arcas in
which the wargeted diseases are endemic. The {aboratories are abso i vital
resource for recruiting and traming medical personunel for the US military
tArmed Forees Epidemitological Board, 1991). The committee is concerned
that some of these laboratories have been closed in the past. for reasons
related both 1o insufticient funding and changes in mission prioritics, and
that further closings could jeopardize the United States” abihity to detect
and respond to emerging infectious discase threats.

The committee recommends continued support—at a minimum, at their
current level of funding—of Department of Defense overseas infectious
disease laboratories,

Ok PROGRAS

Anexcellent model of VLS involvement in tropical infectious discase
cescarch s the USAID-supported Internationad Center tor Diarrheal Discase
Research. Bangladesh (ICDDR.B). carlier known as the Cholera Rescarch
Luboratory. The ICDDR.B was founded in 1939 in Dhaka with funds Irom
the International Cooperation Ageney. the USAITD predecessor. Much of our
current understanding of cholera epidemiology and treatment is the resalt of
studies conducted in Dhaka. The center’s involvement in the development of
oral rehyvdration therapy for cholera was a major contribution o interna-
tional health, Over time. with additional support from numerous countries. the
factlity has evobved mto a high-caliber multinational rescarch organization,

Another potentially usetul progeam model is the National Health Service
Corps (NHSC). The NHSC was created in 1970 by Public Law 91-623 to
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improve the dehivery of medical services imedically undeesenved areas at
the Umited States, In 19720 the NHSO Scholarship Program was inoated.
This program underweites the costs of miedical education and m et e
quires physicians tramed with NHSC money to repay therr Jdebt by servimy
inareas 1 which health services are inadequate (Brows and Stone, 1990,
The committee is unaware of ans sunlar proeram directed toward those
who wish to tram tor careers in public health and related Jeseaplines, such
as epidemiology Cinfectious disease. and medicat entomaology . Because more
individuats with tramming i these disaiplines are hikely 1o be needed 1o
tulfl the United Stares” commitments 1o the unplementation o o globyl
infectious discase sunveiliance network. the estabhshment of such o pro-
eram. modeled after the NHSCOmieht help to atract individoabs who other
wise would not consider public health careers.

The commiltee recommends that Congress consider legislation te fund
a program, modeled on the National Health Service Corps, for training
in public health and related disciplines, such as cpidemiotogy, infec-
tious discases, and medical entomology,

Vaccine and Drug Development

Vaccmes and antinicrobial drags have led o dramatic improyements in
public health in the United States and wnomuch of the rest ot the world
during the Fatter halt of this contury . Despiie this cocouraging hastory | the
committee s concerned that many ot the vacees and drugs available todin
hive been used tor decades. 1t betieves that there is ooneed 1o review the
present vaceine and drug armamentarta with a view jonard mmproving
avatlabilinn and surge capacity potential for emergency responser. as well

as safeny and efficacy.

AERE R RN AN

Vaccines are one ol the most cost-effective means now available tog
preventing discase. The Haeniophils influenza tpe B obitby vaccime s o
vood example. With s new v approved use the vaceme i~ given
months of age instead of at 18 months) and asswiming an cffectiveness rate
of 72 percent. the total cost savings for vaccinating a one year cohort ot
imfants 1~ estimated to he more than 339 aulhon. (ncladimg the cost ot
providing and admmistering the vacame. this waorks out to S106 million
vaceme costs oversus S465.3 million i diseise/morbidiny mortainy. cosis
[M. Rowe. Policy Analyvsis and Legislation Branch, NTATD. personal com
munication, 1992

In addition to protecting the individual who has been vacomated. the
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effects of immunization can extend to anvaccmated persons through so-
called herd immunity, Herd immunity protects nonimmune individuals by
reducing the number of infected individuals in the commumity teither be-
cause of previous exposure/natural immunity or vaccinationy below the
critical level needed o sustain transmission. Within such a commumty. the
Iikehhood of a susceptible individual commg into contuct with someone
who has the specific disease s thus reduced. Vaccines van also hase signity
cant secondary public health and cconomic benetits, For example. hepatitis
B vaccimatic., may prevent the development ot hepatocellutar carcinoma.
and influenza vaccine may prevent secondary bacterial pneumonia,

In many countries, including the United States. the use of vacomes has
reduced or eliminated death and itnes - from infectious discases, Thore are
now effective vaccines against 4 number of once common chitdhood -
nesses. including diphthera, pertussis. meastes. mumps, rubeila, and poho.
The global eradication of smallpox was possible because of the avilabibiny
of a vaccine: poliois on the verge of being eradicited from the Western
Hemisphere for the same reason. Intluenza vaccine reduces morbidity in the
voung and prevents tatal discase in the clderly. Newer vaccmes, against
Hemophilus influenza B hepatitis A and B.and Soreprococens pieunmoniae.
when used to full advantage. will significantiv reduce morbidity and mortal-
ity as welll Altogether. there are more than 20 infectious discases that can
he prevented throvgh the use of vaccines: nevertheless, there are many
discases for which no vaccine s avatlable. These Tacts constitute a strong
argument for making vaccine development an important first consideration
tor controlling microbiat threats to health.

The route by which vaccines move from the research Jaboratory into the
dector’s oftice is quite complex: it involves many government agencies and
private organizations, and s only very loosely coordinated. There are mul-
tiple steps in the process, cach with different decision makers who respond
to diverse political, social. and cconomic torces (see Table 3-31 Federal
vaceine development efforts are the responsibility of the PHS's National
Vaceine Program Office. but there 's considerable autonoms for program
direction within the principal agencies —the NTH. CDCLOFDAL and Dol),

The foundation for developing new or improved vaccines i~ hasic
rescarch in microbiology. immunology, and discase pathogenesis. This
rescarch s largely carried out at the NIHH. Dob (understandably . Dol
ctforts are oriented toward military needv). umversitios, and biotechnology
firms: iy funded by federal grants, private foundations, and the biotech-
nology industry. The lesel of effort reflects the priority decisions of the
funding organizations —principally . the NIATD and DoD.

Apphied rescarch. which leads directlv to vaccine development. is also
funded by the NIAID. often through contracts, and by Do, There is also
significant investment at this level by industry. The rate of progress m any
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TABLE 3-3 The U.S. Domestic Vaccine Research, Development, and
Utihization Process

RDU Activiny ALyor Support Major Pertormers
Basic research N NAS Academia
Private foundatrons NIH
Apphed research NI CDCLFDA Avwie o,
Prvate toundanons NIH. CDCUEFDA
Industry Industry
(Transition to FDA regulates
development)
Pilot manutacturing {ndustry Industry
Prectimical testing [ndustrs . NTHL FDA Industes . NTHL FDAL CDCL
academig
IND application Industry Industry
Phase 1-3 chnical and Industry . NHH Acadenia, CDCONIH
field wating
Large-scale manuwtacturing Industry Industry
(Licensing) —_ FDA
Postheensure CDCandustry. FDA CDC, academus. indusiry
operationil testing
Postheensure CDC. imdusiry . FDA CDCFDAL mdustey
safety evaluation
Purchasing and CDCL states, CDC. states,
utihization private medicine provaic medicine

RDU. rescarch, development. and utibization; NIH, National Institutes of Health, NAS,
National Avademy of Saiencest CDCL Centers for Disease Controlr FDAL Food and Drug
Admmnisteations INDC apphivanons for investgational new drug.

given ficld can be strongly intluenced by the level of NIAID and DoD
funding, as iy the case with HIV vaccine rescarch,

The decrsion to move a vaceine candidate from faboratory rescarch to
industrial development s in the hands of the private sector vaccine manu-
facturers. It is based on an assessment of technical feasibility, estimated
development costs. and market analysis tincluding the potential for Tability
problems). In most cases, public policy only indirectly influences the deci-
ston o pursue vaceine development and thus has little effect on the charac-
ter of the vaccines that eventually enter the marketplace.

During the course of vaccine devefopment but betore ticensure, there isa
requiremient for & series of studies 1o prove clinical safery and efficacy.
Government support for this phase of the development process is becom-
ing increasingly common and varies in extent. depending on the priorities
of NIH and the willingness of the vaccine’s developers to cooperate with
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government agencies. Government support of these studies is an important
subsidization of the vaccine development process.

On the demand side. the purchase. distribution, and administration of
vaccines are carried out through o mixture of federal. state. and private
sector activities. The FDA subserves the regulatory role in vaccine licens-
ing: the CDC is a major buyer of vaccines for federal and state programs,
purchasing more than halt of the vaccines used tor childhood immuniza-
tions in the United States. The cost to consumers of vaceines purchased by
the CDC is much lower than the cost of vaccines sold by the private sector
market. Policies for the use of vaccines are developed by the Immuniza-
tion Practices Advisory Committee, a CDC advisory commitiee, within the
licensed-use guidelines set by the FDA|

Many decisions influence the lite cycle of a new vaccine. In the public
sector. such decisions are made independently by a number of agencies
or committees (¢.g.. the FDA, CDC, Immunization Practices Advisory Com-
mittee JACIP) and are loosely coordinated by the PHS through its National
Vaccine Program Office. (This agency is a coordinating office for the PHS
but has no directive authority.) Corporate decision making responds pri-
marily to marker torces. The relationship between the public and private
sectors is defined mainly by FDA guidelines and federal purchasing
regulations and. as a result. is as often confrontational as cooperative,

Advances in immunology. moleculur biology. biochemistry. and drug
delivery systems have stimulated major new initiatives in vaceine devejop-
ment. The generation of vaccines that will come into use in the next decade
is Bikely to be different from previous generations of vaccines. Some will
contain more than one highly purified antigen and will rely on new delivery
methods. Programmed-release biodegradable microspheres offer the possi-
bility of single-dose regimens for parenteral vaccines. New oral vaccination
methods will improve our ability 1o protect against enteric and respiratory
agents,

Extensive mvestigations are also centering on vaccines that use attenu-
ated viruses and bacteria as vectors to introduce specific antigenic compo-
nents of disease-causing microbes. For example, a fowlpox virus recombi-
nant. which has had parts of the genome of rabies virus inserted into its
DNAL has been tested in animals to determine its abibity to induce immunity
to rabies. In two of five vertebrate specics examined in one study. inocula-
ton of the fowlpox recombinant vaccine candidate resulted in the induction
of an immune response that protected against subsequent challenge with
hive rabies virus (Tavlor et al., 19881 Other attenuated organisms heing
considered for use as vaecine vectors are vaccnia viras, baculovirus, poho-
virus, Salmonella evphimurivm. and bacitle Calmette-Guerin (BCGy. A ma-
Jor advantage of the vectored vaceine concept is that the vector genome can
accommodate genetic material from more than one agent (perhaps as many
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as sty oor more): thus, it might be possible to develop a single vaccine that
would immunize a person against mulaple agents. This area ofters much
promise for the future of vaccine development.

For all of their potential, however, vaccines should not be viewed as so-
culled magic bullets for defeating emerging microbial threats, The potential
value of vacceination and the speed with which vaccines can be developed
depend on many tactors. Especially important are the existing scientific
knowledge of the agent (or similar organisms). its molecular biology. rate
of transmission, pathogenesis. how the human immune system responds 1o
natural intection, and the nature of the protective immuiity the vaccine
induces.

Successtul vaccines were first developed against organisms (such as
smallpox and yellow fever viruses) that produce acute infections and gener-
ate a natural immune response that protects against reinfection. For such
discases, it was only necessary o induce an immune response through vac-
ctnation that was similar to that induced by the natural infecnion. Bactenal
diseases like diphtheria and tetanus. whose clinical eifects are the result of
exotoxins. were good first targets for vaccine development because of the
strong immune reaction stimulated by the toxins. For a number of viral
discases (such as polio). attenuated vaccines. which mimic the wild-type
virus's ability to produce protective immunity. have heen quite effective.

Vaceine development for other infectious diseases, particularly those caused
by protozoans. helminths, and fungi. has proved to be quite ditficult. ofien
because the responsible pathogens are able to evade the body™s normal
immune defenses. In such cases. even natural infection does not always
induce protective immunity. In malaria. for example. the protozoa that cause
the disease go through a multistage hife cyele. At each stage, the antigens
exposed to the immune system are different; these changes effectively cre-
ate a “moving target” that is difficult for the body. and for vaccine develop-
ers. to combat effectively. An additonad problem in malaria is that the body
is “tricked”™ into mounting an immune response against noncritical parts of
the organism rather than against those parts that are capable of inducing
effective antimatarial immunity (Institute of Medicine. 199 1a).

Vaccine development may be impeded by cconomic factors as well as by
inherent mechanisms in the pathogens under study. The development of
vaceines requires an extensive, up-front investment in rescarch that most
vaccine manufacturers (and policymakers) are reluctant to make. since few
vaccines are highly profitable and the very strict FDA requirements for
proot of a vaccine’s safety and efficacy make the risk of failure an impor-
tant consideration. This reluctance of vaccine manufacturers to mvest in
rescarch contrasts with the attitude of drug manufacturers. who nvest con-
siderable funds in rescarch and development. One reason for the difference
may be that. as a group. drugs have a much better record of profitability.
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Vaccine developers must also take into account the extra costs that may
arise from lLiability claims for injuries or deaths owing 1o vaceine adminis-
tration. This concern has forced a number of ULS. vaccine manutfacturers
out of the market over the past decade, Whereas in 1985, there were 10
licensed manufacturers of human vaccines (seven commercial. two sate
laboratories, and a single umversity) (Institute of Medicine, 1985), 1oday
there are only five.

Industry currently Tacks cconomic incentives o stimulate efforts at pre-
venting infectious discases with vaccines for which there is little or no
toreseeable market. Nor does the public health sector (with specific excep-
tions) have a mechanism for setting development programs in motion. There
arc wavs in which industry might be encouraged to assume a greater role in
vaceine development. A comprehensive strategy is urgently needed.

One approach would be to establish public/private sector collaborations
in vaccine research and development, a strategy exemplified by the Na-
tonal Cooperative YVaccine Development Groups (NCVDG). whose goal is
to address the problem of HIV. The NCVDGs represent the core of the
investigator-initiated HIV vaccine development eftort sponsored by the Vaccine
Rescarch and Development Branch (VRDB)Y of NIAID s Division of AIDS.
These collaborative research teams are composed of scientists from indus-
try. academia. and government working to develop and test experimental
HIV vaccines. Current vaccine strategies being evaluated in animal models
imclude mactivated virus. recombinant proteins, five recombinant viruses.
synthetic peptides. anti-idiotypic antibodies. and passive immunization (Marta
Glass. Division of AIDS. NIAID. personal communication, 1992). An alter-
native approach would be to ofter industry cconomic incentives to develop
vaceines. These incentives could range from partial or complete “sociatiza-
tion™ of responsibility (government cost sharing and involvement in devel-
opment decisions) to long-term guaranteed purchases of minimum amounts
of a vaccine at a price that would allow the manufacturer to recover the
costs of development and production.

Another current study at the Institute of Medicine is exploring issues that
are likely to influence the participation and cooperation of American private
and public sector organizations i the international mitiative to accelerate
development of new, improved childhood vaccines. The IOM Committee on
the Children’s Vaccine Initiative is examining legal. regulatory, cconomic.
and practical impediments to optimal application of avaitable national re-
sources to the International Chitdren’™s Vaccine Initiative. The results of this
study. which is due to be completed in 1993, may have implications tor the
development of vaccines for microbial diseases in both children and adults.

Emerging microbes offer a different challenge for vaccine development
than that presented by a well-established pathogen, and there are potentially
catastrophic consequences if the development process is left entirely to free
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enterprise (see Box 3-3)0 1t iy understandably ditficult to promote private
investment in vaccine devetopment for discases that may not maternialize tor
S0 or 20 years. 1t at all, I a company did stockpile vacames for poien
tially emergent discases. it would either lose its investment if the discase
threat never materialized or be forced to charge extraordinary prices, when
the need arose, 1o compensate for rescarch GEapplicable -vaccine rescarch
often 1s done by other than commercial manutacturers) and development
costs il wasted inventory--a regquirement that probably would not he
tolerated by society.

The United States. with only five vaccine manutacturers, is in a precari-
ous position should an infectious discase emergeney oceur. Although there
are vaccine manufucturing facilities outside the United States. obtuining
vacoines from these tacilities in an emergeney would be complicated and
time-consuming. In addition. overseas regulations for licensure may ditter
from those of the United States, unother tactor that must he considered
when attenipting to import vaccines. New technologies and production
facilittes need to be developed in this country tor rapid response capability.

BOX 3-3 Are We Prepared? A Hypothetical Case

Consider the city of New Oreans, with a population ot ahout 500,000
people. Early in this century . in caties along the lower Mississippt River.,
deaths from vellow fever were as Iigh s 30 pereent of those infected. We
know that the inseet vector Tor yellow fever. the mosquito Acdes aezapii.
s sl in the area in abundance. as s anew by ntroduced potential vector,
e alboprerus. An effective vaccine exasts but is not manufactured 1 the
Chinted Stares: ondy simd] stocks are available in Nornth America, from a
Canadian nanutacturer. Larger stocks are stored i Brazil but wounid tike
time 10 mobihse

Were vellow fever t break out i New Orfeans and a determunaiion be
made to v acemate the ¢ity s populatien, the existing North Amencan vac-
Cine supply would be exhausted within several davs, “Acceptable™ pesticidal
approaches clfective tor control ol the vector are not avatdable, and u
would probably be necessary o undertahe massive spraying and source
reduction 1o stem the epidemic. I that approach proved 1o be unacoept
able, because there e no effective drugs and because no US manutag
turer could produce sufticient vacceine oa thuehy tashion. we could progect
with ~ome confrdence that 100000 people woukd become all with vellow
tever and that TOODO would Hikely dic within a 90-day period. Inaddition
o the foss of Tife. monctary costs to the heajth care system and o the New
Ogleans cconoany van be predicted 1o be m the tens of milhons of dollars.
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BOX 3-4 Responding to the 1976 Influenza Outbreak

Timetable of Response (1976)

January 19 Virus isolated at Fort Dix, New Jersey

February 6 Virus received by the Centers tor Disease Control,
Atlanta, Georgia

February 10 Virus identified as swine influenza (presumed
antigenic prototvpe of 1918)

February 17 Virus forwarded to academic laboratory for
genetic reassortment

March 1 First reassortant strain sent to manufacturers

April 30 Sccond reassortant strain sent o manutacturers

April Human vaccine trials

May-August Political problems with vaccine lability

Seplember 2 Vaccine released by the Food and Drug
Administration

October-December  National Influenza Immunization Program—30
million of 115 million doses admimistered

Total clapsed time:  Approximately one year

There is no infrastructure in place today that allows for anticipatory
vaccine development in response to future pandemics. The current system
barely suffices for vaccines that have a predictable. established demand.
The FDA does not have primary responsibility tor ensuring that needed
innovations are promptly developed and marketed: instead. the innovations
are expected to emerge as firms pursue their organizational goals. Vaccines
against future (some would say speculativey threats are looked upon by
manufacturers as offermg little promise for recovery of the investment
needed to drive the system,

The overall process of vaccine development. manutacturing, and use is
fragmented. There is no direct connection between reszarch and develop-
ment on the one hand and the purchasing and use of vuccines on the other.
The various decision makers do not work together: in fact, they respond to
ditfferent pressares. This imperfect system tor the development of new vac-
cines could casily fail to produce new products rapidly enough in the face
of uan emerging disease threat,

The example of influensza vaccines is instructive. The sequence of events
that canstituted the respouse to the 1976 influenza epidemic began with the
initial recognition of the new virus and culminated in the production and
use of a vaccine (see Box 3-4 above). It should be noted that the time
intervals can vary. as a result of both technical and political factors, and
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that this v a class of viruses with which researchers and manufacturers
have had previous experience. T cases in which the agent is unhnown, the
tmetable would be extended. Ao of note 1s that these actions would
have blunted a winter epidemic but not an carlicr one.

The basic technology for the production of imtluenza vaceine is 50
vears old, and global surveillance Tor influenza viruses was imitiated by the
WHO in 1947, Since then, several new subtyvpes of influenza A virus have
cmerged or reemerged. cach posing the threat of pandemic disease. The
system an place for responding to these threats requires the combined and
integrated etforts of the CDC, academic laboratories, private industry . and
the FDA 1o recognize a new antigenic variant of influenza virus, tabricate
(through genetic reassortment) an acceptible vaccine steain. distribute the
strain to manufacturers. and monitor production lots. The system works
reasonably well. But as with so many other vaccine programs. intluenza
vaceines are underused—only a fraction of those at increased risk ot fatal
outcome are vaccinated. Tnfluenza thus remains essentially an uncontrolled
disease.

To bring a new vaccine rapidly from the research laboratory into genceral
use--a necessary criterton if one hopes to prevent or control an emerging
infectious disease—will require un integrated national process that

e defines the need for a vaccine and its technieal requirements:

» defines the target populations and delivery systems:

o ensures the purchase and use of the developed product. through pur-
chase guarantees and targeted immunization programs:

« relies as much as possible on the capability of private industry to
manage the vaccine development process. through the use of contracted
production it necessary:

» utilizes the capacity of the NIAID o manage and support basic and
applied rescarch and to conduct clinical studies and field evaluations:

¢ utilizes the capacity of the CDC and academia to conduct field evalua-
tions and develop implementation programs:

i~ centrably coordinated to take maximal advantage ot the capabilities
of the public and privaie sectors and ensures the continued existence of a
competitive, efficient. reliable vaceine manutaciuring industry within the
tnited States: and

iy prepared for the possible rapid emergence of novel discase threats,
such as occurred in the 1918-1919 influensza pandemic.

The committee recommends that the United States develop a means for
generating stockpiles of selected vaccines and a “surge™ capacity for
vaccine development and production that could be mobilized to respond
quickly to future infectious disease emergencies. Securing this capabil-
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ity would require development of an integrated national process, as
described above, The committee offers two options for implementation
of this recommendation:

L. Develop an integrated management structure within the federal
government and provids purchase guarantees, analogous to farm com-
modity loans, to vaccine manufacturers that are willing to develop the
neceded capacity,

2. Build government-supported research and development and pro-
duction facilities, analogous to the National Cancer Institute’s program
for cancer therapeutics and the federal space. energy, and defense labo-
ratories. The assigned mission of these new facilities would be vaccine
development for futnre infectious disease contingencies.

ANITIHCROBINL DRUGS

Since the 19405 antimicrobial agents have served to control many previ-
ousty lite-threatening infections. Antimicrobials have the unigue ability to
cure certain diseases. to provide prophyluxis for others. and to reduce sources
of infection. The uselulness of these drugs must be protected by careful and
responsible use. and by continuing to encourage the development of new
antimicrobial drugs. The development of resistance by microorganisms see
Chapter 2). as well as the emergence of new organisms, will require re-
placement drugs to be in the pipeline even while existing drugs are still
clfective. Success depends on the alertness of the clinical community in
identitying resistant organisms through surveillance and in reaching con-
seisus on the need tor new drugs. Data from the CDC's NNISS will be
crucial to surveillance eftorts and for developing guidetines tor the rational
use of antimicrobial drugs, as a4 means o delay the development of resis-
tanve. Shoutd a global infectious discase survettlance systems be put in place,
such as the one suggested in this report, tracking antimicrabial resistance
worldwide may be possible.

The development of public/private sector alliances. along the lines of the
National Cooperative Drug Development Groups at the NIH tsimilar 1o the
vaccine groups discussed above). may be desirable. There may also be cir-
cumstances simifar to the current shortage ot antituberculosis drugs in which
the active involvement of the FIDA may be necessary 1o encourage manutac-
turers 1o produce specilic drugs or 1o pursue the development of drugs for
a spedtbic purpose.

The committee recommends that clinicians, the research and develop-
ment community, and the U.S. government (Centers for Discase Con-
trol, Food and Drug Administration, U.S. Department of Agriculture,
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and Department of Defense) introduce measures to ensure the availabil-
ity and usefulness of antimicrobials and to prevent the emergence of
resistance. These measures should include the education of health care
personnel, veterinarians, and users in the agricultural sector regarding
the importance of rational use of antir icrobials (to preclude their un-
warranted usch a peer review process 1o monitor the use of antimicro-
bials. and surveillance of newly resistant organisms. Where required,
there should be a commitment to publicly financed rapid desvelopment
and expedited approval of new antimicrobials.

Vector Control

The United States and other developed countries have been able o free
themselves to a remarkable degree from the burden of vector-borne diseases
using a variety of methods of vector control. 1t that tevel of vigilance is
maintained. there is a chance of minimizing new outbreaks of vector-borne
discase. The potential for vector-horne discase to emerge in the United
States st exists. however, because of the abundance of certain veetors,
such as Aedes albopictny mosquitoes, And even in Eyme disease. a vector-
borne illness with a known vector—the Lvodes tick-—there is currently no
agreement on antervention strategies.

Vector control generally includes the use of one or more measures to
reduce vector abundance, vector longevity, and human-vector contact, De-
pending on the type of vector, common control measures include. but are
not fimited to. indoor and outdoor spraying of chemivcal pesticides. applica-
tton of biologicat control agents. destruction or treatment of larval develop-
ment sites. and personal protective measures. such as covering exposed
arcas of the body . apptication of repeltlents. sleeping under bednets. or re-
ducing human contact with infective insects by remaining away from arcas
inhabited by the vectors, Innovative methods of vector control, such as
genetic modification ol vectors, the development of antivector vaceines.,
and the use ol biological control techmques are currently being examined.
particularly Tor use in the control of mosquito vectors of malaria (lnstitute
of Medicine. 19910,

The transovarial transmission (rom infected female vectors through their
cges to succeeding genceations) of pathogens, such as arboviruses, poses
same unigue problems for the development of control programs. A transovarially
infected adult mosquito vector can transmit infection immediately alter it
emerges, Inthe case of the LaCrosse virus, for example. it s important 10
preclude adult emergence and/or reduce the abundance of adult vectors that
emerge in the spring or carly summer. Anv reduction in vector-control
efforts iv likely to be followed by a resurgence of the vector population,

For a discase agent that is known or suspected to be transmitted by an
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arthropod vector, efforts to control the vector can be crucial in containing
or halting an outbreak. This is true even for those vector-borne diseases,
such as yvellow fever or malaria. for which there is or may eventually be an
effective vaccine. To be effective, a vaccine must have tme—otten several
weehs—-to chicit an immune response i recipients, Vector control may pro-
vide this opportunity (sce Box 3-5).

BOX 3-3 Vector Controt in Action

Veneszuclan cquine encephalomyelitis was introduced mto Texas in
1971, This was not a aew virus but a lighly pathogenic tin both equines
and peopled strain that had emerged in Central America in 1969, The
disease advanced tfrom Guatemala through Mexico and into Texas, a dis-
tance of more than 4000 Kitometers. in two vears. The virus produced
high-titer viremias in equines and was isolated from many species of mos-
guitaes that ted on equines and people. Most of these mosguito species
previousty had been consudered to be pests ruther than vectors of disease
(Sudia et al.. 1975y,

The mtial approach to contaming the epidemic was o immuiize equine
populations (horses. mules. donkeys, and burros) across estensive areas of
Central America and Mexico. The objective was to create an immunologi-
cal barrier to prevent further spread. Fortunately. a vacome developed by
LS. Army rescarchers (Berge ¢ gl 1961 had been stockpiled. and addi-
tional doses were rapidly prepared. Although more than 4 miltion equines
were vaccinated m Mexico inoa two-year period. the sirus continued 10
spread. There were tens of thousands of eguine cases and 8.000 to 10,000
cquine deaths in Mexico alone. Almost 17.006 cases (but no deaths) were
reported in humans (Sudia ot al.. 1975).

Once it was recognized that the discase had invaded Texas, a massive
campaign to climmate the virus was initiated (Pan American Heatth Orga-
wization, 1972). A total of 2.25 mithon equines were vaccinated over an
[E-state area. and a quarantine was ostablished to prevent movement of the
cquines out of infected arcas. Malathion and dibrom pesticides were ap-
plicd over 8 million aeres i Texas and Louistana to control mosyuito
populations. With completion of these activities in 1972 and the onset of
winter. the pathogenic stiain of the virus disappeared from Texas, Mexico.
and Central America. The program’™s cost exceeded $30 mitlion (Sudia et
al., 1975,

The virus has not reappeared. and it must be assumed that the vacor-
nated equine population has, after 20 years, been replaced by susceptible
animabs. Thus, thes region is now receptive to the remroduction of a
pathogenic virus from South America or to the reemergence of a virulent
strain from the Venezuelan equine encephatomyehitis viruses endemic in
Central America and Flonda,
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fnowemperate zones. epideniic onsci of o onea v emergent vector borne
discase occurs most often e the spring or summer, sinee both sector and
pathogen depend on higher temperatures to maintain a rapid rate of
reproducthion. The spread of mfection during the swnmuer aonths miy be
vapid. particularhy i hamans are an etfective source of vector mtection or if
the agent has become widespread in a nonhunman reservoir population. Thus,
to be efiective, vector control eftorts must be Launched <hordy atter the
discise i fiest recognized oreideally s betore the disease is apparent.

For most vector-borne infections disciases, the onset of winter dampens
ransmisston or can even chminate the sector or infectious agent. The ey
ception is pathogens that can sunvive i humans for long periods and pro-
duce chronie antection e.g malana and ty phusy. Vectors native to lemper-
ate areas, i mtrodouced into new regions, may be able o survine e Jow
tenmiperatures, while those aative 1o the tropics may not. Inomuch of North
America, cold weather is o second line of defense against most newhy
cmerged or ntroduced pathogens that depend on vectors 1o be transnvitted
o humans, A sedden decrease i incidence of an umidentitied discase
the start of winter may be the first eprdemiological evidence that the disease
I~ vectorborne,

Victor-CoNikor Risot ks

North America has extensive vector-control resources. In fact, vecior
control is an essental part of environmental heatth programs i many
communities. California’s mosquito control. for example, covers most ot
the wtate and involves some 72 agencies with a 1991 budget of more than
SAR.9 milhion tor an arca with a population of more than 20 niilion (Cali-
fornin Mosquito and Vector Control Association, fne., 19910 Statewide
surverlfance for mosguito-horne encephalitis, plague. malarie, and fayme
discase s coordinated by the Calivorna Department of Health Services.

There are approximately 1,000 adartttonal regronai and comnunity vee-
tor-control and vector-surveillance programs in the United States and Canada
tAmencan Mosquito Control As.octation, 19911 Most of these programs
are geuared to protecting focal populations from mdigenous vector-horne
discases and arthropod pests. They may also provide an carly line ol de-
fense agaimnst newly introduced or resurgent vector-borne discases, In the
United Stites. responsibility for organizing survetllance data and investi-
gatimg epidemics of cmerging vector-borne discases. sach us encephalitis,
plaguc. and Lyme discase. rests with the CDC's Division of Vector-Borpe
Intectious Discases in Fort Collins. Colorado.

Ihe control methods used in o particular region depend on the vectors
that are present and on what s known about their biology and behavior,
Chemical and biological agents and ensyironmental modification can be
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used individually or together tman integrated control etiort. Although many
local and regional vector-control programs can ettectivels combat tocal and
cven regional outbreaks of vector-borne discase, they are not equipped 1o
deal with outbreaks that are national in scope. For example. regional vector-
contre ! programs cannot declare o health emergeney or bypass the many
legal restricnions that now fimit the use of certain pesticides that are poten
tadly usetul for vector-control etforts. That authority rests with health and
environmental agencies at the state and federsl Tevels,

Prsncibes ror Victor Conigal

A growing problem in controlling vector-borne diseases s the dimin-
ishing supply ot etfective pesticides, Federal and state regulations increas-
inely restrict the use and supply of such chiemicals, Targely as u result of
concerns over human health or environmental satety. A pesticides must
be registered with the ULS Environmental Protection Ageney (EPAY
betore they can be oftered for sale in the United States. A 1972 amendiment
to the Foderal Tnsecticide. Fungicide. and Rodenticide Act «FIFR A, called
for all pesticides 1o be re-registered by 1973 i order 1o meet new health
and safety standards (Public Law No. 92-316). By 19860 only one of ap-
provimately L2000 previously registered pesticides had met adl of the
re-registrition requirements. A TYRS amendment to FIFRA moved the re-
reeistration deadbine to 19970 eiving manufacturers additional time to focate
ar develop saentific data necessary for reeregistration that were not i the
originat registration materials for their produces. IV adequate data are not
subniitted by the cot-oft date. pesticide makers face the toss ol registration
INToses. (992,

Some manuwfacturers have chosen not 1o re-register their products be-
cise of the expense of gathering the required safory data. Pantly as a result.
many etfective pesticides developed over the past 40 vears o control agri-
cultural pests and vector of human discase are no longer available because
therwr registrations have been caaceled or suspended in the United States.

For example, makithion, a pesticide used wortdwide Tor boih agriculural
and pubhic health purposes.is currently registered in the United States but
must be re-registered inodaccordance with the provisions of FIFRAL The
nianutacturer LAmerican Cyvanamid Corporationm has sold the rights to mala-
thron to a Danish company s which may or may not apply for re-registration
m the Unued States. Because malathion is an effective, relatively ines-
pensive broad-spectrum pesticide. a failure 1o re-regaster would be con-
siderable Canse tor concern,

Pyrethrum. o plant prodact that has been used suceesstully to control
adult veators tor many years. is currently being reviewed for its potential
cnvironmental and health hazards. Thois product s not produced in the
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Umited States. and supply s often o problem. Nevertheless, s tailuare o be
re-registered would be a serious Toss 1o the vector-control armamentarium
in this country.

In addition. the new registration frequenthy fiomts the circumstanees un-
der which products may be applied. nomany mstances, compounds that
were onee approned tor pest-control applivations are now restncied 1o cers
tain narrow agricultural uses. such as for pest control i o single crop. The
result is that many pesticides that might have been used o comtrol cmerging
vector-borne diseases are either no longer registered or are not avianlahle
in sutficient quantity.

In accordance with tederal endangered speaies fegidation, the EPA fur-
ther restricts pesticide use through os Endangered Species Protection
Plun. The plan prohibits the use of o wide range of pesticides within the
habitat of any endangered species. Prolubittons extend in some cases 1o
urban and suburban environments. in which outbreaks ot vector-borne dis-
case pose a particular threat, Eftorts have been made to develop a workahle,
fegal strategy for vector controb in the event of a public health emergeney.
Spectticadlv. EPA has developed an ciiergency exemption procedure in
collaboration with the California Mosquito and Vector Control Association
and the American Mosquito Control Association. The plan calls for speaitic
steps to be followed when surveillance data suggest that the posstbility ot
an outbreak of g vector-borne discase is great. Afrer the Tocal vector-contyal
ageney s determined a need o invoke the exemption. it must follow a 12-
step procedure that includes review ot the arca for endangered species,
comsuitation with the ULS. Fish and Wildlite Service WSy submission
ot a reguest for a pubhe health exemption to the state public health ageney
or the CDCL a review and determination by the state ageney or the ODC
cwhich must be pertormed within 10 days f an emergeney s anvapated or
withim 24 hours if the emergency is i progressy review and revision ot
necessary g ot the onginal plan and submission ot a finad plan to the state or
the CDC submission owarthin 15 dassy by the CDC of o request o the EPA
for an exeniption. EPA consubtation with the FWSOEPA appronal or dend
of the request owathin 15 davsy, aad, fimally. implementation ot the plan
B Bhdndee, Director, Mosguito Rescarch Program. Department of Ento-
wology s Umverary of Calitornia at Daves, personal communication, 19920,

The committee recommends that the Environmental Protection Agency
develop and impiement alternative, expedited procedures for the Hcens-
ing of pesticides for use in vector-borne infectious disease emergencies,
These procedures would include a means for stockpiling designated pesticides
for such use.

As wath vaccines, there s hitle cconomie incentive tor frems 1o devetop

new posticides for public health ose because such use mgkes up a veny
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simall part of the pesticide market. The comnuttee feels strongly . however,
that pesticide development 10 this arca needs o be ghven some priority.
Pesdeide development s now driven mainly by thie demands ol agnculture.
Morcover. as pesticide development has become ever more speciahized,
there are fewer compounds avatlable that have both agrncultural and public
health uses.

Agricultural applications account for about 75 pereent of pesticide use m
the United States. Approvimately 407000 ops of pesticide were used i
TON7. of which about 89500 tons were insecticides, Public health use ac-
counts for about 10 percent of ull pesticides globadiv: the major public
heabth uses are tor control of maluria, fdariasis. schistosomitasis, oncho-
cerclusis. and try panosomiasis (Moses, 1992,

Dichlorodiphenyt trichioroethane (DD, one of the most eltective and
ceonomical pesticides ever developed, was first marketed ain 19420 threv
vears after Swiss chemist Paul Muclier discovered that the compound had
invecticidal properties. In 19720 all agricultural use of DDT in the Umited
States was banned because of it adverse environmental effects. Tis use s
now restricted by the EPA to public health emergencies. as defined under
FIFRA. DDT is still used in many developing countries tar public health
purposes, particularty malaria control. Currently . aldrin. benzene hexachio-
ride. chlordane, chlordimetorm. DBCP. diazinon. dickinn, dinogeb. ethy -
ene dibromide. andrin, EPNL heptachlor, lindane. mirox. nitroten «TOK),
25 Tadives, and toxaphene also are banned, suspeaded, o voverely re-
stricted i their use as pesticides within the United States +Moses, 1992

The use of insect growth regulators so-called biorattional or dnrd-
cuneration pesticides) to control vector populations (v being investigated.
These compounds affect certain biological provesses of msedts. sach as
metamorphosis, that are not present o mammals and other vertebrates,
Biological control agents (the use of one orgism to control anothery we
alvo considered hiorational pesacides. Onee bicensed. many such maternals
will be used to control the tmmature stages of o number o et vectors,
They are tikely 10 be of Tinted value as wdulncides, howeser, since com-
pounds used to control adult insects usually must produce mortality quickly.
Sotar. enly conventional hroad-spectrum pesticrdes possess this character-
istic. Rosistance o biorattonal pesticides has recently been demonstrated i
laboratory settings. even i the case ot microbial pesticides,

The lack of aosuttioent stockpite of effcctinve postrcides, whnch e he
required n the event of oo major eprdenic. continaes 1o he a serious prob
fem. The public health community has plased sommorole m the Totmula
non of pesticde use policy, whidhi i mainis ntloenced by aeicahiral
aind environmental lobbyvine eitoris. Ungl there are adeguate altcimatne
means Tor controlting disease carrvimg vectors, s antical that public health
requirements for pesticides be consdered when pesticide polics s hemng
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debated. There may well be instances i which the Timated apphication o
posticides, such as DD o deal with o public health emergency may be
aceeptable-—as long us the oserall burden on the envitonment i~ not exces
stve. The committee believes that the current EPA contingeney plan that
addresses this issue s metfective: the approsal provess tor emergency use
of pestictdes s so cumbersome that approval would bikely come after the
critical period an o which application of the pesticide could avert the ow
break. Under cinergeney circamstances, o tradec !t mast be made, so thee
the provess can be more expedient.

Several arboviruses (S Louis, western, and castern equime encephalits
are exvamples of diseases that could erupt suddenly into eniergency propor:
tions that might require pesticide use. These arboviruses are enzootic i
North America and are maintained in 4 ovele ot intection between wild
birds and vector mosquitoes, wath hittle or no transmission to humans. Pene
odically . however, excessive rain or snow . followed by ligh sammer tem-
peratures, favors the emergence of mereased vector populations, which s
lead to the rapid spread of infechion o humans.

These events can occur 1 bath urban and rarad communities, and when
they doo there s an immediate need o implement a controb program. The
primary goal at the onset of mosquito-borne discase eprdemics i~ 1o climi-
nate the infective mosgetroes as quickiv as possible. Transmission cun
only be stopped by the effective appitcation of a pesticide that kalls aduht
mosquitoes. A control program directed aguinst the preadult aguatic and
adult stages ot the vector would not have an immediate efiect on vivus
transmission but might be valuable for preventing a prolonged epidemnc,

St bouis encephalitis (SEEs exemplifies the above scenarol Tt has fre-
guenthy reemerged as an epidemic mtection in the United States 1 Monatl,
TOSOY, most recently i Floreda and Fesas m 1990 cCenters for Discase
Control. 1990, In 1966, an etfort was made. in the middle of an epidenng
in Dallas, Texas. o evaluate the effectiveness of controblimg populations of
adult mosqguatoes that transmit this discase. There were 545 suspected and
L5 confirmed cases of SEE moa period of a few weeks dlophims et al.,
(9750 dnoap cight day pertad. 4735000 qeres of the area were acrnabhy
sprased wath 12000 callons of matathion inan ultra-tow v olume. high
concentration mist. Obsersations made betore and alter the appheation indi-
cated that there was a stgnificant reducthon 1 the sector population and s
mtection rate, bow new cases were detected daring the two to three wecks
atter the spraymg. This s one ot the few cprdenics of g recmergme intec:
tion for wiich a studs was conducied on its cconemie impact. Ttowas
estinated that the SEE outbreak cost the community STU6.3000 o which
alimost S200.000 was spent an vector controb (Schaab, 19680, The coo
nonnc and pubbic heath consequences would cortamiy have been greatet
had pesticides not been asailable.
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Alternative strategies tor the control of epidemics of SLE and western
equine encephalitis are considered in detail elsewhere (Reeves and Milby,
1990y, T the event of an epidemic caused by one of these enzootic yviruses.
the control ot adult vectors is probably the best approach tor stopping the
spread of disease. To be saecessful 1t has been estmated that pesticide
application should achicve a 90 pereent or greater reduction m ihe infected
vector population (W, Reeves, Professor of Epidemiology Emeritus. School
of Public Health, University of Calitornia w Berkeley. personal connnuni-
cation, 1992y .

Asin the drug arena. resistance to pesticides can present serious proh-
lems o disease cantrol. Mosguitoes, thes, and other discase-carrying in-
sects have relatively short hite oyeles and produce many gencerations per
years This is o magor tactor in the development of pesticide resistance. and
1 is usually anthese groups that resistance to @ given chemicul 1s seen,
There are many ~trategies that can be used to delay or prevemt pesticide
resistance. So-called pesticide resistance management can include the rota-
tion of chemicals, avoirdance of sublethat doses, and the use of biodeprud-
able materials. More rescarch is necded. however. 1o hone the uscetulness of
these approaches.,

The committee recommends that additional priority and funding be
afforded efforts to develop pesticides (and effective modes of applica-
tion) and other measures for public health use in suppressing sector-
borne infectious diseases,

Public Education and Behavioral Change

The arcas of pablic education and behavioral change in relation o emerging
infectious diseases currently show visikle activity: the media. for example,
hive been presenting information to the public about the control of fyme
discase and HIV transmission. The committee was not constituted to ad-
dress these two issaes: however. because the topics represent potentially
important aspects of emerging infectious disease prevention and control, it
was considered appropriate to address them brietls here.

Public policy discussions and scientific efforts sometimes focus on vie-
cine and drug development and tail 10 give appropriate consideration to
cducation und behivioral change as means tor preventing and controlling
mfectious discases, This s unfortunate, since 1t is often only hy changing
paticrns of human activity-—from trivel and personal hyveiene 1o sevual
behavior and drug ahuse —that the spread of discase can be halted.

Far muany infectious discase problems, however, particalarly those that
result from emerging microbes, the use of vaccines and druags is not pract-
cal, Often. for newly recognized diseases, the causative agent is unhnown,
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making vaccine and drug development essentially impossible. Becuuse ot
the long development process, vaccines and drugs can contnibute little o
disease controf at the onset of an outbreak of o newly emergent disease.
Only in a case i which an effective drug has already been developed tor
use against another organmism and iy found be etficacious against the newly
discovered agent will drugs be of use in such circumstances,

HIV discase illustrates these problems quite clearly. 1t has been almost a
decade since HIV was isolated. vet there is no vaccine and tev drues that
have been shown o slow the disease process. Since the maor modes ot
transmission ot HIV are behaviorally based. the pandemic ofiered a unigue
opportunity to put public education and behavior modification w use. Ini-
tally, officials were highly reluctant 1o provide ¢ndid information to the
public on how to prevent the spread of HIVD Recentls. however, elforts at
education on HIV and AIDS. much of it from nongovernmental organiza-
tions, have been more straightforward. Among the more visible of the ted-
eral government cfforts were the mailing of an AIDS information pamphlet
to every houschold in the country in 1YK8 and the current television spots
that provide a toll-free number to call to learn more about HIV disceise. The
concern of the committee is that these efforts are targeted o a peneral
audience rather than to specitic risk groups, and do not use the terminology
that is most understandable to these populations.

Nevertheless, despite a disappointing beginning. the experience with HIV
demonstrates that human behavior can be modified in part through cduca-
tion. Condont use has increased and numbers of sexuai partners have de-
creased ino most male homosexual populations that have been studied
(National Commission on Acquired Immune Deticiency Svadrome, 1991,
Evidence tor similar behavioral change among those using intravenous drugs
or crack cocaine is less encouraging.

Even when scientists and public health officials rels on education and
encourage behavioral change to prevent or Jimut the spread of infecnous
discase, the public may not be convinced. Although scientists may see emerging
microbes as a very real threat to public healthe the average citizen may be
unaware of the potential danger or may consider those dangers to be less
important than other health risks, for example heart discase or cancer. In
such instances, carctully conceived media campaigns may hinve a heneticial
etfect on behavior in relation o discase transmission.

The committee recommends that the National Institutes of Health give
increased priority to research on personal and community health prac-
tices relevant to disease transmission. Attention should also be focused
on developing more effective wayvs to use education to enhance the health-
promoting behavior of diverse target groups.
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It ix the committee’s hope that this report will be an important first step
in highlighting the growing problem of emerging microbial threats to health
and focus attention on wayvs in which the United States and the global
community can attempt to address such threats, now and in the future. The
major emphasis in the American health care system has always been on
curing rather than prevention. The committee strongly believes that the best
way 1o prepare tor the tuture s by developing and mimplementing preventne
strategies that can meet the challenges offered by emerging and reemerging
microbes. Ttis infinitely less costly. in every dimension, o attack an emerg-
g discase at an early stage and prevent its spread than to rely on treatment
to control the disease.

In some instances, what this report proposes will require additional Tunds.
The committee recognizes and has wrestled with the discomtorts that such
recommendations can bring—for example. the awareness that there are other
compelling needs that also justify—and require—increased expenditures.
But eversone must realize and understand the potential magnitude of future
eprdemics in terms of human lives and monetary costs,

The 957 and 1968 nfluenza pandemics kilted 90,000 people in the
United States alone. The direct cost of medical care was S3.4 billion tmore
than three times the NTAID budget for fiscal vear 1992)0 and the total
cconomic burden was $26.8 illion’—ahmost three times the total NEH bud-
get tor fiscal year 1992 (Kavet. 1972). A more current example offers a
stmilar lesson. The recent rexurgence of TB tfrom 22201 i 1985 10 26,283
cases 1 1991, or 104 per 100,000 populationy (Centers for Disease Control,
1992¢h. after a steady decline over the past several decades. will be costly.
Exery dollar spent on TB prevention and controt in the United States pro-
duces an estimated $3 to S4in savings: these savings increase dramatically
when the cost of treating multidrug-resistant tuberculosis is factored in. We

also have a recent example of what results when early prevention und con-
trol etforts are lacking. The costs of AIDS/HIV-discase—in human hives as
well as dollars—have been staggering. and the end is not vet in sight. The
objective in the future should be carlier detection of such emerging dis-
cases. coupled with a nmely effort to inform the population about how to
tower therr risk of becoming infected.

Obvioushy . even with anbimited funds, no goarantees can be ottered that
an emerging microbe will not spread discase and cause devastation. Instead.
this committ~e cautiously advocates increased tunding and proposes some
more cftfective ways for organizations— both domestic and international.
public and private—as well as individuals —both health professionals and
the lay public—to work together and. in some cases. combme their e
sources. These efforts witl help to ensure that we will be better prepared to
respond to emerging infections discase threats of the future.

Stindy sttt comverted the tigures i the omginal publication - Kavet, 1972 10 1992 dollars
wsng the N Bromedical Research and Devetopment Price hdex t1BRDPO
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Task Forces

At its first meeting. the Committee on Emerging Microbial Threats to
Health decided to form four task forces to obtain input from the scientific
community at large. Each task torce (with the exception of Task Force 4
was composed of both committee and nencommittee members and a rap-
porteur. Task Forces 1 through 3 dealt with specitic categories of organ-
isms: Task Force 4 examined policy options that the committee might wish
to consider in developing its recommendations. Tt was Jater decided to
establish a {itth task force 1o refine the recommendations drafted by the full
committee at its third meeting in January 1992, In the lists below, commit-
tee members are designated by an asterisk.

TASK FORCE 1
Bacteria, Rickettsiae, and Chlamydiae

Task Force 1 met in Washington, D.C. on May 20-21. 1991, with the
following participants:

BARRY R. BLOOM.* Department of Microbiology and Immunology and
Howard Hughes Medical Institute. Albert Einstein College of Medicine.
Yeshiva University

ROBERT L. BUCHANAN.* Microbiai Food Safety Rescarch Unit.
Agricultural Research Service, U.S. Department of Agriculture,

Eastern Regional Rescarch Center
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J. THOMAS GRAYSTON, Department of Epidemiology. University of
Washington

GEURGE AL JACOBY. IR, Infectious Discase Unit, Massachusetts General
Hospital

GERALD L. MANDELL, (Chairy.® Division of Infectious Discases,
Department of Internal Medicine. University of Virginia

WILLIAM AL PETRI IR, (Rapportenr). Medicine and Microbiology.
Divisions of Infectious Discases and Geographic Medicine, Univernsity
of Virginia Health Sciences Center

P. FREDERICK SPARLING.* Department of Medicine. University of North
Carolina School of Medicine

ANDREW SPIELMAN.* Department of Tropical Public Health, Harvard
School of Public Health

DAVID H. WALKER. Department of Pathelogy. University of Texas
Medical Branch

RICHARD P. WENZEL. Department of Clinical Epidemiology. University
of lowa Hospital

TASK FORCE 2
Viruses

Task Force 2 met in Washington. D.C.. on May 16-17. 1991, with the
following participants:

BRUCE F. ELDRIDGE, University of California Mosquito Rescarch
Progrum. Department of Entomology. University of California at Davis

PATRICIA N. FULTZ.* Department of Microbiology. University of
Alabamua at Birmingham

DUANE I. GUBLER. Vector-Borne Intectious Diseases Division, National
Center for Infectious Discases. Centers for Discase Control

JAMES L. HARDY. School ot Public Health, University of California at
Berkeley

FREDERICK G. HAYDEN. Department of Internal Medicine. University of
Virginia Hospital

JOHUN J. HOLLAND.® Department of Biology and Institute for Molecular
Biology. University of Califorpia at San Diego

RICHARD T. JOUNSON. Department of Neurology, Microbiology. and
Neuroscience, Johns Hopkins University School of Medicine

EDWIN D. KILBOURNE.* Department of Microbiology, Mount Sinai
School of Medicine

STEPHEN S. MORSE (Chair).* Rocketelter University
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FREDERICK A. MURPHY, School of Veterinary Medicine. University of
Calitornia at Davis

THOMAS W. SCOTT (Rupporteur). Department of Entomology. University
of Maryland at College Park

ALEXIS SHELOKOV . * Salk Institute, Government Services Division

TASK FORCE 3
Protozoans, Helminths. and Fungi

Task Force 3 met in Washington. D.C.. on May & 1991, with the tollow-
ing participants:

RONALD E. BLANTON (Rappaorteur), Division of Geographic Medicine,
Department of Medicine, Case Wostern Reserve University, School
of Medicine

CARLOS C. CAMPBELL. Malaria Branch. Parasitic Diseases Division.
National Center for Infectious Diseases. Centers for Disease Control

WILLIAM E. DISMUKES. Department of Medicine. Division of Infectious
Discase. University of Alabama School of Medicine

ADEL A. F. MAHMOUD (Chiry.* Department of Medicine. Case Western
Reserve University. University Hospitals ot Cleveland

ROSEMARY SOAVE. Division of Infectious Disecases. Cornell Medical
Center, New York Hospital

ANDREW SPIELMAN.* Department ot Tropical Public Health, Harvard
School of Public Health

ROBERT B. TESH. Yale Arbovirus Research Unit. Department of
Epidemiology and Public Health. Yale University School of Medicine

TASK FORCE 4
Policy Options

Task Force 4 met in Washington, D.C.. on May 13-14. 1991, with the
following participants:

BARRY R. BLOOM.* Department of Microbtology and Immunology.
Howard Hughes Medical Institute. Albert Einstein College of Medicine,
Yeshiva University

CIRO A. DE QUADROS. Expanded Programme on Immunization, Puan
American Health Organization

WALTER R. DOWDLE, Centers for Disease Control
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DEAN T. JAMISON.* Department of Community Health Sciences and
Department of Education. University of Calitornia at Los Angeles

ADETOKUNBO LUCAS, Department of Population Sciences, Hurvard
School of Pubtic Health

HARRY M. MEYER. JR.. Medical Research Division, American
Cyanamid Company

PHILIP K. RUSSELL. (Chair).* School of Hygiene and Public Health,
Johns Hopkins Umiversity

ROBERT E. SHOPE.* Yale Arbovirus Research Unit. Yale University
School of Medicine

TASK FORCE 5

Recommendations

Task Force 3 met in Washington, D.C.. on February 17. 19920 with the
following participants:

JOSHUA LEDERBERG.* Rockefeller University

ADEL A. F. MAHMOUD.* Department of Medicine. Case Western Reserve
University. University Hospitals of Cleveland

GERALD L. MANDELL, Division ot Infectious Discases, Department of
Internal Medicine, University of Virginia

STEPHEN S. MORSE.* Rockefeller University

PHILIP K. RUSSELL.* School of Hygiene and Public Health. Johns
Hopkins University

ROBERT E. SHOPE. (Chair).* Yale Arbovirus Research Unit,
Yale University School of Medicine




B

Catalog of Emerging
Infectious Disease Agents

The material in this appendix is provided tor those who are interested in
more detail on each of the agents considered by this committee to be emerg-
ing or reemerging and listed carlier in the report (sec Table 2-1). Itis a
brict summary of information compiled from three sources. listed below, as
well as additional data provided by committee and task force members, and
other experts. The individual summaries are separaled into three sections.
corresponding to the categorizations of the earlier charts.

Benenson., Abram S, (ed.) 1990. Control of Communicable Discases in Man,
15th edition. Washington, D.C.: American Public Health Association.
Mandell. Gerald L.: Douglas, R. Gordon. Jr.: and Bennett. John E. (eds.)
1990. Principles and Practice of Infectious Disease. 3rd edition. New
York: Churchilt Livingstone.

Wilson. Mary E. 1991. A World Guide to Infections: Discases. Distribution,
Diagnosis. New York: Oxford University Press,

EMERGENT BACTERIA, RICKETTSIAE, AND CHLAMYDIAE

Aeromonas
DisEASELS) AND SyvproMs

Acromonad gastroenteritis
acute diarrhea lasting several days. abdominal pain
—vomiting. fever, and bloody stools may be present

Cellutitis, wound infection, and septicemia
—septicemia occurs most often in predisposed patients
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DiacGhosis

— identitication of the organism i patient’s tfeces or i wound secrenons

INFECTIOUS AGENT
— Acromonas hydrophila, A veronit (biovariant sobriv), A. caviae
— other species of Acromonas (A, jundact, A wrota. A schubertii, and
A, verondd bovariant veronii) have also been associated with
human discase
— the natural habitats of Aeromonas bacteria are water and soil

MobE OF TRANSMISSION

— ingestion of contaminated water
entry of organism through a break in the skin

Disirisu o
— presence of organism in clinical specimens has been documented in
the Americas. Africa. Asia. Australia, and Europe
— distribution is worldwide
Incusation PERIOD
— undefined: probably 12 hours to several days

— organism may persist for weeks to months e gastromntestinal tract

TREANEMEN

antibiotics: trimethoprim-sulfamethoxazole. the quinolones.
aminoglycosides, and tetracychines

— organisms tend to be resistant to penicilling and cephalosporins
PrEvexTION AND CONTROL

— proper treatment of drinking water and monitoring of well water
— predisposed individuals should avoid aquatic eavironments

Facrors Factaryinng EMeraeNcr

— predisposition (e.g.. iIMMUNOSUppression)
— improved technofogy for detection and ditfferentiation
— increased awareness

Baorrelia burgdorferi

DisEask{s) abD Syvprons
Lyme discase
— distinctive skin lesion (erythema migrans) at site of tick bite that
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appears as a red papule and expands in an annular fashion to at least
S ¢m.oin diameter
— fatigue. headache. stittness, myalgia. Iymphadenopathy
neurologic (10 to 154 of patients) and cardiac (6 to 10% of patients)
abnormalities may develop weeks to months after lesion
months to vears after onset. swelling and pain in large joints may
develop and persist for years (C"Lyme arthritis™

i

i

D

AGNOSIS

— carrently based on chintcal findings and serologic tests
—- tests are poorly standardized and are insensitive during the first
several weeks of infection

INFECTION S AGENT

— Borrelia huredorferi. a spirochete bacterium

MobE oF TRANSMISSION

— bite of an fyvodes tick: transmission does not occur until tick has fed
for several hours

-—— wild rodents tespecially the white-footed mousey and white-tailed
deer maintain transmission cyele: tick depends on deer to reproduce
and feeds on mice to become infected

— 1o evidence for person-to-person transmission

— transplacental transmission has been documented

DisTRIBY 8ON

-— in the United States: Atlantic coastal states from Maine to Georgia:

upper midwestern states (concentrated in Minnesota and Wisconsin):
California and Oregon

abroad: Europe. Canada. Japan. Australia. China, and the Common-

wealth of Independent States

H
[l
i

Incosation Prrion

—erythema migrans appears 3 to 32 days after tick exposure

TrEANTVIEN
— oral antibiotics (tetracycline, doxyeycline, amoxicilling ervthromycin
for 1010 30 days
-~ high-dose intravenous penicillin or cettriaxone 1s used if neurologic
abnormalities develop
- novel drug regimens are undergoing evaluation
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Privesron asn Contror
— avoidance of tick-in"ested arcas: secucing of clothing at entry points
(ankles, cuffs, ete.: application of tick repellent to outer clothing
— host ¢mice and deer) reduction
Facrors Facninanse EMERGENCE
— reforestation and consequent proliferation of deer
— housing development in wooded areas

Campylobacter jejuni

Diseask(s) anp Sywvrrowvs
Campylobacteriosis, campylobacter enteritis
— abdominal pain. diarrhea. tever
— illness typically lasts two 1o five days
— prolonged illness and relapses may occur
— infection 1s asymptomatic in many coases
Diadaosis

— detection of organism in the stool

INEECTIONS AGENT

— Campylobacter jejuni, a bacterivm
—- other species within the genus Campylobacrer have been associated
with similar Jdiscase

Monet 0F TRANSMISSTON

— ingestion of contaminated food. water. or milk
- fecal-oral spread from infected person or animal

Disiriguyion

-— worldwide
— organism has a vast reservoir in animals

INctynion Prrion asp Covaae N o AR

—- incubation period is 2 to 5 days
—— disease is communicable throughout the course of infection

TREATMENT
- rehydration and replacement of electrolytes
— antibiotic therapy is used in some cases, though 1t carely shortens
duration of symptoms
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PrevestTion ash CoNTROL

— chlorination of water
— proper cooking of foods (particularly poultry) and pasteurization of
nmulk

—- handwashing after animal contact

Facrors Faciararsng EvMErGeNCE

— improved recognition of the organism
— A IcTease i poultry coasumption in recent yoars

Chlai iydia pne - noniace {TWAR Strain)

IDISEASE(S) AND SyMpPToMs

TWAR infection. TWAR pneumonia

— forers myvalgias, cough. sore throato sinusttis

— illness is usually mitd. but recovery s slow: cough tends to last for
more thaa two weeks

Divesosis

~- isolation of organism from throat or sputum

INCECTIOoNS AGENT

— Chilamydia pneumoniae {FWAR). a chlamydia
—— ~tmn pame s derived from designaton of tirst two isolates.
TW-183 from Taiwan and AR-39 (acute respiratory)

Mobt o Trassvss o

—— persom to person: thought to be acquired by inhalation of injective
QrZanisims

—« possibly by direct contact with secrettons of an infected person

IS TRIBE HON

- probubly worldwide

vvvvv the majority of cases have occurred in North America. A, and
Europe

INncusyioN Prrion asn Covate N Ay

P to 4 weeks
period of communicability 1y unknown but presumed to be long,
hased on duration of documented outhreaks
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TREATMENT
— antibiotics: tetracycline or erythromycin

PreveNTION ann CONTROL

— avoidance of overcrowding in living and sleeping quarwers

FACTORS FACILITATING EMERGENCE

~ increased recognition

Chlamvdia trachomatis
Disease(sy wNu Sympross
Genital chlamydia
— urcthritis in males, mucopurulenr cervicitis in females (opague
discharge. itching, burning upon urination)
— asymptomatic infection can occur
— in women. infertifity and cctopic pregnancy can result trom chronice
infection
DiaGnosis
— identification of organism on intraurcthral or endocervical swab
material
INFECTIOUS AGEN)

— Chtamydia trachomatis. a bacterium

Mont OF TRANSMISSION

— sexual intercour 2

DisTrIiBUTION
— worldwide: recognition has increased in the United States. Canada,
Europe. and Australia over the past two decades
INCURATION PERIOD AND COMMUNICABILITY

- - incubation period is poorly defined, probably 7 to 14 days or longer
— period of communicability is unknown

TREATMENT
— oral antibiotics: tetracycline. doxycycline. or quinolone

Pri-vENTION AND CONTROL

—— condom use during sexual intercourse
— praphylactic treatment of sexual partners
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Facrors Facumavine BEsera Nt

— probabhy increased sexual acnvity

Clostridium difficile

DISEASTES) AN Sy Tons

Clostridinm ditpicile cohns

— antibiotic-assocntted colit

-- pseudomembranous cobitis

—= watery drarrhea, bloods diarrhea, abdomimal pain

DivGNosts

—detection of Cditfrcile tonan i the swol
- viswahzation of characterisne preadomembranes during endoscopy
ol colon

INntroniors AGing

Clostriduen diffrcife, a toxin-producing bacterium

Maobr o TrRassanssion

— teval-oral transmission
—acquisinon of organism trom the cavironment

DisiriBy 110N

worldwide
an ostimated 3 percent of heatthy adults carry the organism in the gut

IncuyioN Praon asp Cosisge sie aiie iy

- cohius nypicalty begins during. or shortly atter, antibiotic administra-
tion tchanges i gastromtestinal tract flora due to antibiotic use
altow prohferation of the organisim and ity production of tovins)

TRy vy
discontinuation of aggravanng antibiotic treatment it possible
antibacternal agents: metronmidazole. vancomy ain, bacitracin
Privistios asvo Contwod

avoidance of unnecessary antibiotic administration

Facrors Tacnviisa ExurorNe)

CHMINUNOSUppression

mereased recognition
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Ehriichia chaffeensiy

DISEASEIS) AaND Syarions

Ehrlichiosis
~ - fever, makaise, headache. lymphadenopathy, anorevia
— fever usually lasts 2 weeks

~ meningitis 1s occasionally reported
DiaGnosis
~- poor; few Jaboratories have antigen for immunoflourescence
serotogy by surrogate E. canis antigen
INFECTIOUS AGENT
— Ehrlichia chaffeensis. a rickettsia
~— reservoir is unknown
Moo ok Trasswussion

— an undetermined tick transmits the agent (possibly the widely
distributed species. Ambivomma americanion)

~—— no evidence of persan-to-person transmission

~— although other types of Ehrlichia are transmitied to dogs by the

brown dog tick. dogs have not been found to be reservoirs of human

disease

DisiriBUTION

~— Southern and mid-Atlantic United States

InCUBATION PERIOD

— unknown: pessibly 1 to 3 weeks

TrREATMENT

— oral antibiotics: tetracyeline

PREVESTION A CONTROL

— avoidance of tick-infested arcas: seeuring of clothing at entry points

tankles. cuffs. et application of tick repelient to outer clothing

Facrors Facnransa Esieraisey

— organism is probably newly recognized
—— possible increase in reservoir and vecior populations
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Escherichia coli O1587:H7

DISEASE(S) AND SYMPTOMS

— Hemorrhuagic colitis: hemolytic uremic syndrome

DiaGrhosis

— identitication of antibodies 1o O137:H7 serotype

ENFECTIOUS AGENT
— FEscherichia coli O157:H7. a bacterium
— one of severad "EHEC™ (enterohemorrhagic £. coli) strains
— EHEC bacteria produce potent cytotoxins, called Shiga-like toxins
and 2
— cattle are believed to be the reservoirs of EHECS
Mok oF TRANSMISSION
— ingestion of contaminated tood. typically poorly cooked beet and
raw milk
— transmission by direct contact may occur in high-risk populations
DisTRIBUTION
— probably worldwide
— most cases have occurred in North America and Europe
Ixcesanion Periob

— 12 10 60 hours

TREATMENT
— oral replacement of fluids and electrolytes (intravenous if
necessary)
Prevextion anp CoNtrow
— proper cooking of meat
— hand washing
— proper sewage and water treatment
Factors FacianannGg EMErGENCE

— probably spread of a bacterial virus carrying the gene for Shiga-like
toxin production into the otherwise unremarkable host. K. col
OIS7:H7
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Haemophilus influenzae biogroup aegyptius

DisEase(s) axn Symerons

Brazilian purpuric fever

~— irritation of the conjunctivae of the eyes, followed by edema of the
eyehids, photophobia, and mucopurulent discharge

— high fever appears 3 to 15 days after conjunctivitis, along with
vomiting and purpura

— case futality rate is 70 percent. with death occurring shortly after
onset of systemic symptoms

— disease was first recognized in 1984

DiaGyosis
— microscopic examination of bacterial culture of conjunctival discharge
— detection of organism in the blood

INFECTIOUS AGENT

— Haemophiluy influenzae biogroup degyptins. a hacterium

MobE oF TRANSMISSION

— contact with the conjunctival or respiratory discharges of infected
persons
eye flies are suspected mechanical vectors

DistriBU 10N

— ncarly all reported cases of Brazilian purpuric fever have occurred in

southern Brazil (most ~uses have been in young children)

— one case was rerorted from Australia
IncusaTior PERIOD AND COMMUNICABILITY

— incubation period is unknown

— disvase is communicable for the duration of active nfection
TrEATMENT

~— high-dose intravenous antibiotics: ampicillin, chloramphenicol

Prevestion axp Conirorn
— prompt treatment of patients and close contacts
— avoidance of exposure to eye fliey
— possibly vector control

Factors Facrrarng ExierGeNce

— passibly an increase in bacterial virulence due to mutation
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Helicobacter pylori

Disease(s) anD SympToMs
— dyspepsia. abdominal pain
— chrenic infection may result in peptic ulcer, gastric cancer
Diacnosis
— detection of antibodies in blood by ELISA
— biopsy and culure
INFECTIOUS AGENT
— Helicobacter pylori, a bacterium (formerly known as Campylobacier
pyloriy
MoODE OF TRANSMISSION

— unknown: some studies suggest a zoonotic origin

DisTrIBLTION

— worldwide

INcrBation Periop axp COMMUNICABILITY

— unknown

TREATMENT
-— antibiotics: metronidazole. ampicillin, tetracycline
— bismuth

PrevVENTION AnD CONTROI

— none

Factors FACHITATING EMERGENCE

— increased recognition

Legionella pneumophila

DisEASE(S) axDp SyMpP1OMS

Legionnaires™ disease, Ponhac fever

— initial symptoms include malaise. headache, myalgias, fever, chills.
and cough

— fever rises rapidly within | day. and may precede the development
of pulmonary symptoms
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— changes in mental status oceur in 25 10 75 percent of patients

— complications include renal failure. lung abscesses, and
extripulmonary infection

— Pontiac tever may represent a reaction to inhaled antigen rather
than bacterial invasion: patients recover in 2 to 5 days without
treatment

DiaGNosis
— isolation of the organism on spectal media
— demonstration of organism by direct immunofluorescence stain of
involved tlissue or respiratory secretions
Inrecriors AGEN]

Lonionella ppeumophila. o hacterium

MobE OF TRANSMISSION

aerosol transmission via acrosol-producing devices tespecially air
cooling systems)
~— person-to-person transmission has not been documented

DisTrRIBUTION

—- documented as an important cause of pneumonia in North America,
Europe. Asia, and Australia
also identified in South Amertca and Atrica

IncteBaTiON PERIOD
— 2 to 10 days for Legionnaires’ disease
— 510 66 hours for Pontiac fever
TREATMENT

— for Legionnaires” discase. antibiotics: erythromycin and rifampin

PrEvinTioN AND CONTROL
— drainage of cooling towers when not in use
— hyperchlorination and elevation of hot water temperature have been
partially successful in interrupting waterborne outbreaks
Factors Facniraring EMERGENCE

— recognition in an epidemic situation
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Listeria monocytogenes

DisEAse(s) AND Symproms
Listeriosis
— typically manifested as meningoencephahtis and/or septicemia
(preceded by fever. headache. and vomiting)
— delirium. shock, and coma may occur
— discase is particularly dangerous to pregnant women. whose infants
may be stillborn if intected
— immunosuppressive conditions facilitate infection
— fetuses and newborn infants are especially susceptible to infection
DiaGrosis

-— isolation of organism trom the blood or cerebrospinal fluid

INFECTIOUS AGENT

— Listeria menocytogenes. a bacterium

Mopk orF TRANSMISSION
— ingestion of contaminated foods (particularly nonreheated hotdogs,
undercooked chicken. various soft cheeses, and food purchased from
store delicatessen counters')
— direct contact with arganism or with soil contaminated with infected
animal feces
— transmission can also occur by inhalation of the organism
DistriBLTION

— worldwide

IncrBATION PERIOD AND COMMUNICABILITY

— incubation period is extremely variable (from 3 1o 70 days)
— disease s communicable for duration of infection

TREATMENT

— antibiotics: penicillin, ampicillin, cotrimoxazole

ICenters for Disease Cantrol. 1992h.
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PrREvENTION AND CONTROL.
— for pregnant women. avoidance of certain foods (see above) is
recommended
— proper food-handling practices
— pasteunzation of dairy products

FACTORS FACILITATING EMERGENCE

— increased awareness, recognition, and reporting

Mycobacterium tuberculosis

DiISEASE(S) AND SyMPTOMS
Tuberculosis
— cough, weight loss, night sweats. and low-grade fever
— hemoptysis and chest pain are common
— extrapulmonary tuberculosis can cause symptoms involving any
organ system including kidneys. liver, and central nervous system

DiacNosis
— identification of tubercie bacteria in patient’s sputum
-— characteristic changes visible in chest x-ray

INFECTIOUS AGENT
— Mycobacterium tuberculosis. a mycobacterium

Mobe 0F TRANSMISSION

— inhalation of droplet nuclei containing the bacteria (droplet nuclei
can remain suspended in the air for up to 2 hours)

DistriBUTION
— worldwide
— annually, 8 million people develop clinical tuberculosis and 3
million people die of tuberculosis
— it is estimated that up to 50 percent of the world’s population (2
billion people) are infected. clinically or subclinically. with
tuberculosis

INCUBATION PERIOD AND COMMUNICABILITY

— 4 to 12 weeks
— discase is communicable as fong as viable bacteria remain in the
sputum
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TREATMENT

— chemotherapy involving a combination of antibiotics (esp. isoniazid
and ritampin) for a period of 6 to 12 months

PrEVENTION AND CONTROL

— treatment of patients with active infection to prevent spread

— strict respiratory isolation for patients with active pulmonary
infection

— preventive antibiotic treatment of contacts

FACTORS FACHATATING EMERGENCE

—— an increase in immunosuppressed populations

Staphylococcus aureus (and Toxic Shock Syndrome)

DISEASE(S) AND SYMPTOMS

Toxic shock syndrome

— although symptoms of infection with S. aureus can range from a
single pustule to septicemia to death. “toxic shock syndrome.” a
newly emerged disease caused by S. aurens is the focus of this
surmmary

— symptoms of toxic shock syndrome (TSS) include sudden onset of
high fever. vomiting. profuse diarrhea. myalgia. hypotension. and. in
severe cases, shock

— a sunburn-like rash is present in the acute phase of the disease. often
accompanied by desquamation of the palms and soles

— disorientation and alterations in consciousness may be present

DiaGNosis
— isolation of the bactenia from the vagina or from abscess
INtECTIONS AGENT

~— Staphvincoccus aurens. a bacterium

MobE OF TRANSMISSION

— TSS has been associated with use of super-absorbent tampons.
prolonged use of diaphragms. and cesarean section deliveries

— reported cases of TSS in males have been linked to local S. aureus
infections such as abscesses and postsurgical infections

— not directly transmitted from person to person
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DistrIBU 1TON

— sporadic cases throughout the world

— TSS epidemic in the United States occurred 1980-1951
IncusanoN Perion

— unknown

TREATMEN
— initial treatment involves replacement of lost tluids/etectrolytes
— mtriavenous antibiotics

PREVENTION AND CONTROL.

— avoidance/minimal use of highly absorbent tampons
— a better understanding of tactors associated with nponmenstrual cases
is needed

FaCctors Facinimaring Exirrcunes

— use of super-absorbent tampons

Streptococcus pyogenes (Group A)

DISEASE(S) AND Symprons

— the most common conditions caused by group A streptococcal
bacteria are sore throat and skin infection

— other conditions caused by the bacteria include scarlet fever.,
rheumatic fever, puerperal fever, septicemia, wound infections, and
pneumonta

— rarely. group A bacteria cause sepsis and streptococcal toxic shock
syndrome (which can be fatal)

DiaGyosis
— wdentification of group A streptococcal antigen in pharyngeal
secretions
INvECTIOUS AdGENT

— Streptococceus pyogenes (group A). a bacterium

Mobt oF TRANSMISSION
-— direct or intimate contact with infected persons/earriers of the
organism
— outhreaks of streptococcal sore throat have been finked to
contaminated food
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DISTRIBUTION

— worldwide

IncusaTion PERIOD AND COMMUNICABILITY
— 1 10 3 days
— with antibiotic therapy. period of communicability is as short as | to
2 days
— untreated cases. especially those involving purulent discharges. can
be communicable for weeks to months

TREATMENT

antibiotics: penicillin

Prevestiox axn CONTROL
— in some cases. prophylactic treatment of close contacts with penicillin
— people with respiratory infections or skin infections should not
directly handle food
FaCTORS FACILITATING EMERGENCE

— probably a change in the virulence ot some streptococci in this
group has been responsible for deadly infections

Vibrio cholerae

DIsEASE(S) AND SympTOMS

Cholera
— sudden onset of profuse, watery diarrhea followed by profound
dehydration

— can progress to shock within 4 to 12 hours
— in severe untreated cases, death can occur within hours
D1AGNOSIS

— isolation of organism from stool or rectal swab

INFECTI0US AGENT

— Vibrio chalerae serogroup O1. biotypes cholerae and El Tor (bacteria)

Mobg OF TRANSMISSION
-— ingestion of water contaminated with the feces of infected persons
(organism is casily killed with chlorination but can survive in ice
cubes, salt water, and mineral water)
~—— ingestion of food washed with contaminated water
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Distrist 110N
— epidemics are sporadic, the most recent being in South America in 1991
— discase 15 endemic in southern Asia

Incuation Perion axn CoMMuNICABILITY
— from a few hours to 5 days: usually 2 to 3 days
— direct, person-to-person transmission is ol nHNor importance in arcas
with goad sanitary factlities

TREAINENT

— replacement of fluids and clectrolytes (oral rehydration therapy
[ORT]
antibiotics eradicate organisms and shorten duration of illness, but
are secondary in importance to rehydration

PrEVENTION axD CoNTROL

— currently available vaccine provides only partial protection (50%) of
short duration (3 to 6 months) and thus is of no practical value in
epidemic control
avoidance of contaminated food and water, as well as raw and
undercooked crabs and shelifish harvested from potentially
contaminated water

FACtors Factararing EMERGENCE
— breakdown of sanitation measures protecting water supplies
— in Peru. miscalculation of risks involved in chlorine vse (and
consequent lack of chlorine use)

Vibrio vulnificus

DisEAsi(s) aND Symprons
— varies from cetlulitis to fatal bacteremia associated with chronic
cutaneous ulcers
— soft tissue infection and septicemia can occur if organism enters
body percutancously
— organism has occastonally been associated with diarrheal illness

Diacinosis
— tsalation of the organism from hlood or cutancous lestons in
bacteremic cases
INFECTIOUS AGENT
— Vibrio vulnificus, a bacterium
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Mo or TrRaNSMEssION
— contact of superficial wounds with seawater or seafood containing
the organism
—— ingestion of contaminated water or tood (usually raw or undercooked
saitood) by immunocompromised persons. espectally those with
hepatic cirrhosis
— not transmitted person to person
Distrist fron
- arganism is most commonly found in the Gelf states of the United
States and is probably part of the normal marine tlora in warmer
climates
Incvsair N Prrion
—- incubation period is 10 to 20 hours

TrREAIMENT
- antibiotic therapy
— surgical drainage may be necessary with soft tissue infections
— supportive treatment for diarrheal illr ss (e, oral flud replacement)
Privintion o ConTrol
— avoidance of exposure of open skin wounds to seawater
—- careful handling of vaw or undercooked seafood by persons with
supertficial wounds
— avoidance of raw or undercooked seafood, particularly by
mmunocempromised persons
Factors FacnnarsnG EMERGENCE

»»»»» increased recognition

EMERGENT VIRUSES
Bovine Spongiform Encephalopathy Agent
DiskAasE(s) AaND Syvpronms
Bovine spongiform encephalopathy (BSE) in cattle
—— progressive neurolosT disease. staggering
- BSE agent has not caused any cases of human disease
Divanosts

lustology of brain tissue
- - epidemiotogical churacteristics
— no serological tests are currently available
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INrLoTIOUS AGENT

— BSE agent. a virus-like agent similar to scrapic prion in sheep
Mopt or TrRANSMISSION

— probably ingestion by cattle ot poorly disinfected sheep offal
DisTRIBUCTION

-~ epidemic in England in 19907 cases in France and Switzerland
Incrsanos Prrion axn ConntNicasiy

~~~~~ unhnown

TrEATMENS

—- 1ONne

Previntion axn CoNTroL
— destruction of infecwed animals to prevent spread
-— control measures instituted during 1990 epidemic: restrictions on use
of cattle serum and cells for pharmaceutical Gneluding vaccines)
manutacturing in Europe
— changes in the rendering process (a return to bateit processing and
solvent use) will probably provide cffective control

Factors Facirarng EverGeNcr

— changes in the rendering process: continuous processing and
climination of solvents

California Serogroup Viruses
(LaCrosse, Jamestown Canyon, California Encephalitis)
DistAse(s) ant Syvpioas

— acute. inflammatory viral diseases of short duration involving parts
of the brain. spinal cord. and meninges

— niany infections are asymptomatic: severe infections involve acute
onsct. headache. high fever, stupor. disorientation. tremors,
spasticiiy. and coma

-— case fatality rate is 0.5 percent

DiacNosis

— demonstration of antibodies in blood or cerebrospinal flwd
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INtRCHIOUS AN
— Calitornia serogroup viruses: EaCrosse, Jamestown Canvon,

Cabhitornia encephalitis, and sanowshoe hare viras

Mone o FRYNSMISSION
Dite ot an mtedtive mosquito
not directly transnntted from person 1o person

RIS EICRE FTRAN
United States, Canadie, and Commonw calth of Independent States
cases vpreath ocenr i temperate fatttudes in summer and
carly tall

INcus oy Prrion

uswailly 3 to 18 dass

TR v N

sapportine only

PriviNTioN D CoNtrol

— avoidance of exposure to mosguitoes doring hours of biting «dusk
to dawn)
mosguito control celimination of breeding ~ites)

Faorors Faontrvinag BEatiroract

- reforestation

=~ poor vedtor control

— increasing interfuce between human activity and endemic areas
— discarded tires as a source of masguito breeding sites

Chikungunya Virus
DSt asbes) asD Syaprons

Chikungunya fever
abrupt onset of fever. headache, myalgras
Joint pain, arthritis, hemorrhagic tever
—discase s usuakly acute and self-timited

[rvesosts

isolation ot the virus from patient’s blood

AV
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INFECHIOUS AGENT

— Chikunganya vivus, a single-stranded RNA virus

Mont or TRANSMINSION

-~ hite of an mfective Aedes mosguito

~~~~~ not directly transmitted from person to person
Disirise pion

< primarily Africa. South Asia, and the Philippines
Incusanion Perion

— 3t 12 davs
TREATMENT

— supportive only
Previstion anp Conirot

- mosquito control in eademic arcas
a live. attenuated vaccine is being tested

Facrors Facrrarisg Eviercescr

— unknown

Crimean-Congo Hemorrhagic Fever Virus

DiISEASE(S) A0 SYMPTOMS
Crimean-Congo hemorrhagic fever
~— ubrupt onsct of fever. headache. chills, photophobia, myalgia. and
abdominal pain
— nausei vomiting. and diarchea may he present: rash is commoen
— infection to death ratio is estimated at 25:1
~— in pregnant women. intection is severe and often results in death

DisGyosis
— isolation of the virus from cerebrospinal fluid. hlood. or other
tissues
[NFECHOUS AGENT

— Crimean-Congo virus, an RNA virus
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Mooe or TRANSMISSION
~— bite of an infective tick
— contact with blood or secretions/excretions of an infected person or
animal
— virus has also spread by acrosohization

DixrriBunios

~ Eastern Europe. central and western Asia, Middle East. Sub-Saharan
and southern Africa

INCusation PERiop asp ConmusICaB Ity

~— 310 6 dass
— blood of an infected person has high concentration of virus for 8 to
10 days

TrEAPMENT
— supportive
— ribavirin may be helptul

Prevestion ann ConrroL
— strict isolation of in.cted panents
— avoidance of contact vith ticks and infected persons and antmals
— in the Commonwealth of Independent States. a killed vaccine 18 used
in high-rish populations. with uncertain etficacy

Factors Facimmating EMERGENCL
— luck of effective tick control
~ fack of effective amimal quarantine

Dengue Virus

DISEASEES) AND SyvpToss

Dengue/dengue hemorrhagic tever (DHEFYdengue shock syndrome

tDSS)

— sudden onset of fever, headache. joint and muscle pain

— nausca. vomiting, abdominal pain. and rash may be presem

— fever typically Tasts 3 10 7 days: convalescence may be prolonged

~ intttal phase of DHE/DSS mayv be similar to the above. but is
tollowed by hemorrhagic phenomena. bleeding from multiple sites.
and vascular collapse
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Divayosts
~— isolation ot virus trom blood
— serologic studies (ELISA, cte.)
INtrCnors Acest
—— dengue viruses. serotypes -3 (all four types can cause dengue
hemorrhagic fever)
Mobr o Trasssion
— bite of an infective Aedes uegvpti or Acdes albopictis mosquito
not directly transmitted from person o person
Distribution
— ¢pidemic and endemic in tropical and subtropical areas of Atricu.
the Americas. Asta. Oceania. and Australia
— widespread in the Caribbean basin

INctsATION Per10D AND COMMUNICABILITY
— 3 to 14 days, average 7 to 10 days
— while disease iy not transmitied from person to person, patients can
be infective for mosquitoes from the day betore to the end of the
febrile period (5 10 7 days)
TrEATMENT

~— supportive only

PrEvENTION AND CONTROL
— control of mesquitoes
—= vacene is not yet available

FacTors FACILITATING EMERGENCE
— lack of effective mosquito control
— increased urbanization in the tropics
— tncreased air travel

Filoviruses (Marburg, Ebola)

DISEASLIS) AND SYMPTOMS

— sudden onset of fever. headache. joint and muscle puin, followed by
sore throat, diarrhea, abdominal pain, vomiting. and rash
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— after 3 to 3 days of fever, hemorrhagic manifestations begin

—- ¢ase fatality rate tor Marburg virus infection is 25 percent

— case fatality rates for Ebola intection have ranged from 50 1o 90
percent

DiaGyosis

-— isolation of virus from blood, other tissues, or body Huids
— xerological detection of antibodies

Inercrors Adrst
— Ebola virus
— Marburg virus

MODE OF TRANSMISSION

— close contact with infected persons or infected blood, tissues.
secretions, or excretions

-— transplacental and vencereal transmission have occurred

— possibly contact with infected animal vectors (primates)

Distris 110N

—— Ebola: epidemics have taken place mn Sudan and Zaire: virus may be
endemic in other parts of Africar monkeys infected with an Ebola-
like virus were imported to the United States trom the Philippines in
1989 (no human illness resulted)

— Marburg: scattered human cases have occurred in central. castern,
and southern Africa; cases reported in Germany were a result of
handling material from infected African green monkeys imported
from Uganda

Iveesanon Prrion asn CoMMt NCARILITY

— for both virus infections. 5 to 10 days

-— both viruses can persist in humans for at least 2 months
Trivivea

— supportive only

Previstion o CoNrrol
— avoidance of contact with infected persons and their blood, other
tissues, and body fluids
— strict isoition of infected persons
Facrors Eaciinanisg Esiroeney,

— virus-infected monkeys shipped from developing countries via air
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APPENDIX B
Hantaviruses {Hantaan, Puumala, and Seoul)

DiISEASE(S) AND SYMPTOMS

Hemorrhagic fever with renal syndrome

— abrupt onset of fever, headache. and myalgias; abdominal pain,
vomiting, and diarrhea

— the appearance of petechiae (reddish purple. blood-fitled spots) on
the palate

— in the severe form of the discase. inttial febrile period may be
followed by hypotension and hemorrhage from multiple sites

— most survivoers regain normal renal tunction

— the most severe disease is caused by the Hantaan virus

DiacNosis

— demonstration of specific antibodies using IFA or ELISA

INFECTIONS AGENT
— hantaviruses. a group of RNA viruses
— several different subtypes exist. each associated with a single rodent
reservoir species (Hantaan—Apodemus field mouse;
Puumala—Clethrionomys bank vole: Seoul—rats)

Mobe O TRANSMISSION
— contact with infective material (feces. urine. saliva, tissue. etc.) of
rodents
— contact is usually by aerosol
— transplacental transmission has been documented: other person-to-
person spread has not been reported

DISTRIBUTION

— hantaviruses are found on all continents

— endemic and cpidemic disease in China, Korea, and the Common-
wealth of Independent States

— Hantaan virus is widely distributed in eastern Asia

— Puumala virus is common to Scandinavia and western Europe

Incenarion Perlon

-4 to 42 days: average is 12 10 16 days

TREATMEND
— supportive only
— recent studies show that ribavirin may shorten illness and reduce
mortality
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PREVENTION AND CONTROL

— rodent control

FacTtors FacILITATING EMERGENCE

— human invasion of virus ecologic niche

Hepatitis B Virus

DisEASE(S) aAND SympTOMS
Hepatitis B
— insidious onset of anorexia, abdominal pain
— sometimes arthralgias and rash, often progressing to jaundice
— chronic infection leads to cirrhosis of the liver
DiaGNosis

— elevated levels of certain liver enzymes
— serological antibody tests (RIA, ELISA)

INFECTIOUS AGENT

— Hepatitis B virus, a double-stranded DNA virus

MODBE OF TRANSMISSION

— virus enters body through a break in the skin or through mucous
membranes

-— transmission via contaminated needles. transfusions of blood or
blood products. sexual contact

— transplacental transmission

DistriBUTION

— worldwide

IncUBATION PERIOD AND COMMUNICABILITY

— 45 to 180 days, average 60 to 90 days

— blood containing the virus has heen shown to be infective many
weeks before the onset of first symptoms and to remain infective
during the acute chinical course of the disease

— chronic carriers are infectious

TREATMENT

— supportive only

o
o




226 APPENDIN B

PriEvENTION AND CONIROY

— immunization with Hepatitis B vaccine
— lesting of donor blood

Factors Facnaiviing EMERGENCE

— possibly increased sexual activity and intravenous drug sbuse

Hepatitis C Virus

DISFASE(S) AND SYMPTOMS

Classic non-A, non-B hepatitis

— onset is insidious and accompanied by anorexia. nausea. vomiting,
and jaundice

— course is similar to hepatitis B. but more prolonged

- strong tendency to progress to chronic hepatitis and liver disease,
which can be asymplomatic

— the most common form of posttransfusion hepatitis

Diadg~osis
~— diagnosed by exclusion of hepatitis A, B, and delta viruses and
other causes of liver injury
— blood tests are now available for clinical use
INFECTIOUS AGENT
~- exact viral agent is unknown
— agent appcars to be a tlavivirus
MobE OF TRANSMISSION

— percutaneous exposure to contaminated blood and plasma derivatives
— the role of sexual activity in transmission is not well defined

DisTRIBUTION
— worldwide
— common among dialysis patients. hemophiliacs, health care workers.
and drug addicts

IncrsaTIoN PERIOD AND COMMUNICABILITY
— 20 to 90 days tmean: 50)
— period of communicability extends from one week after exposure
into chronic stage
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TREATMENT
— existing antivirals have little eftect
— interferon may be helpful to chronic carriers
Previntion axn ControL
— no vieeine is available
— monitoring of blood supply for anti-HCV and elevated liver enzyme
levels
— pasteurization of clotting tactor concentrates

Factors Facutraning EMERGENCE

application of molecular virology techniques to identify etiologic
agent
— an old disease syndrome newly documented

Hepatitis £ Agent

DISEASE(S) AaND Symrross
Hepautis E
— also known as epidemic non-A. non-B hepatitis: waterborne non-A.
non-B hepatitis: enterically transmitted non-A. non-B hepatitis
— sudden onset of tever, malaise, nausea, and anorexia
— discase varies in severity from a mild illness lasting 7 to 14 days, to
a severely disabling disease lasting several months (rare)
-— jaundice can be present
— no evidence of a chronic form
DiagNosis
— liver tunction tests
— exclusion of other ctiologies of hepatitis (especially hepatitis A) by
serologic tests
INFECTIOUS AGENT
— virus 1s not vet fully characterized
— virus-fike particles have been detected in the feces of infected patients
Mot oF TRANSMISSION

—- ingestion of contaminated water (most outbreaks have been linked to
fecal contamination of water)
— fecal-oral transmission
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DistrrisuTion
— may be widespread
— majority of outbreaks have been reported from Asia. Africa, the
Commonwealth of Independent States. and Mexico

INCUBATION PERIOD AND COMMUNICABILITY

— 30 to 40 days

— pertod of communicability is unknown: may be similar to hepatitis A
TREATMENT

— supportive only

PrREVENTION AaxD CONTROL
— educational programs stressing importance of santtary disposal of
feces, careful hand washing after defecation and before handling
food
Factors FaciLitaning EMERGENCE

— agent and disease are newly recognized

Human Herpesvirus-6

Disease(s) anp SymproMs
— sudden onset of fever {fever lasts 3 to 5 days)
— maculopapular rash (exanthem subitum/roseola infanrunt) that
appears on the trunk and spreads to rest of body
— febrile seizures have been reported in very few cases
Diacnosis
— serology
— ELISA is now available experimentally
INFECTIOUS AGENT
— Human herpesvirus-6
MobE OF TRANSMISSION

— unknown

DisTRIBUTION
— appears ubiquitous in United States and Japan (antibody prevalence
as high as 90 percent)
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— disease usually occurs in children under 4 vears of age
— incidence is highest in the spring

Inctaation PErIOD aND COMMUNICABILITY

— incubation period is 10 days

TREATMENT

— supportive only

PreveSTION Anp CONTROL

— none

FACTORS FACILTATING EMERGENCE

— newly recognized

Human Immunodeficiency Virus (HIV), Types 1 and 2

DISEASE(S) AND SYMPTOMS

HIV disease: acquired immunodeficiency syndrome (AIDS): AIDS-

related complex (ARC)

— clinical features of iafection are correlated with degree of immune
dysfunction and range from asymptomatic to progressive and
fethal

— manifestations can involve any organ system of the body

— initially: fever. weight loss. diarrhea. fatigue. cough. lymphadeno-
pathy. oral thrush. and skin lesions (AIDS-related complex)

— several opportunistic infections and cancers are very common and
are constdered specific indicators of HIV infection. including
tuberculosis and other mycobacterial infections: Preumocystis
carinii pneumonia: chronic cryptosporidiosis: toxoplasmosis of the
central nervous system (CNS): esophageal or lower respiratory tract
candidiasis: disseminated cryptococcosis: pulmonary, gastrointesti-
nal. ONS, or ocular cytomegalovirus infection: disseminated herpes
simplex infection: and (cancers) Kaposi's sarcoma. primary B-cell
lymphoma. and non-Hodgkin's lymphoma

— clinical findings of common infections are often atypical te.g..
increased frequency of extrapulmonary tuberculosis)

DiaciNosts

— scrologice tests for HIV antibodies (ELISA, IFA. Western blot)
— isolation of virus
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INFECTIOUS AGENT

-— human immunaodeficiency virus, types 1 and 2 (retroviruses)

— types |and 2 are serolegically and geographically distinet but have
stmilar epidemiologic and pathologic characteristics

— humans are reservoirs

Mobt or TraxswIssION
— sexual exposure to an infected person
— exposure to the blood or blood products (transtusions and needle
sharing) or tissues (transplantation) of an infected person
— transmitted from mother to fetus
— routine social or community contact with HIV-infected persons
carries no risk of transmission

Dis1RIBUTION

— worldwide

— more than 200.000 reported cases of AIDS in the United States as of
January 1992 approximately | million additional persons
asymptomatically infected with HIV

— worldwide. 8 to 10 million persons infected with HIV-1 by June 1990

— HIV-2 is currently endemic only in West Africa. although cases have
appeared in Europe. South America. North America. and other parts
o1 Africa

— cases were initially clustered among male homosexuals. intravenous
drug users. prostitutes, and transfusion recipients

— distribution patterns have changed in the past 10 vears and continue
1o change (fewer cases of transfusion-induced HIV discase, more
cases of infection acquired from heterosexual sex. more cases of
transplacental transmission)

Incupation Perion anD CoMMENICABILITY

— days to months until virus is detectable in the blood

— months to years betore appearance of clinical HIV disease tabout
halt of HIV-infected persons will have developed AIDS 10 years
after infection in the absence of specific antiviral treatment)

— period of communicability is unknown but is presumed to begin
carly after onset ot HIV infection and 10 extend through life

TREAIAEN
—- carly recognition and treatment of treatable infections and neoplisms
{often chronic suppressive/maintenance therapy is recommended
because of high infection relapse rates)
— there are currentiy three Food and Drug Administration (FDA)-
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approved anti-HIV agents. zidovudine (AZT). dideoxyinosine talso
known as VIDEX or ddl). and dideoxyceytodine talso known as
HIVID or ddC: approved for use only m combination with AZT):
these agents do not cure HIV discase but have been shown 1o slow
its progression

NION AND ConTRe

screening of blood (and other tissue) donors

- avoidance of sexual intercourse (vaginal. enal. orad) with persons

known or suspected to be infected with HIV

- use of latex condoms and spermicide to reduce the risk of sexual

transmission (there is no risk of HIV transmission in a long-term,
mutually monogamous, heterosexuad refationship between two
partners known not to be infected with HIV)

-caution by health care workers in handling, using. and disposing of

needles and  other sharp instruments, and wearing of latex gloves
when coming into contact with bodily fluids of any patient

Factors Faciorarng Evereeser

urbanization

- changes i litestyles/mores

increased intravenous drug abuse
miernational travel
medical technology (transfusions

Human Papillomavirus (HPV)

DiseasE(s) avp Sysrtous

a variety of shin and mucous membrane lesions, from the common
wart to larvngeal warts tin infants infected by their mothers during
birth) to venerea! warls tmose often seen in the moist arcas in and
around the genitalia and »nuy)

-HPV Yas been stronghy iminlicated in the ctiology of cervical cancer

{especially HPV types 16 and 18)

DisaNosis

- usually based on lesion appearance

in some cases, excision and histological examination are necessary

INFECTIONS AGEN

human papiliomavirus (there are at least 60 types identiticd)
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MobE oF TRANSMISSION
—— usually by direct contact
— also by autoinoculation (e.g. by ashaving razory and by contact with
contaminated tloors
— genital warts are sexually transmitted
-— virus can be transmitted from mother o infant during birth

DISTRIBU T1ON

— worldwide

Inctnanon Perion asp CoOMMUNICABINTEY

—~ 1 to 20 months: average is 2 to 3 months
— period of communicability is unknown but is probably at feast as
long as visible lesions persist

TrEATMENT
— freezing of warts with liquid nitrogen
— application of salicylic actd or podophy Hin to remove warts
-—— interferon has been shown to be effective in the treatment of genital
Warts
— surgival removal or Jaser therapy is required tor laryngeal 4nd
cervical warts
Privistion o Coniran

avoidance of direct contact with lesions
- tse of a condom during sexual ntercourse

Facrors Facmirarng Evteroescy

possibly increases in sexual activity

Human Farvoviras B19

Dist st v) b Syaerons
Erythemi infectiosum
classic mfection in childhood is characterized by ervthema of cheeks
tslapped cheek appearancey and rash on extremities

— adults have more severe illness. with fever and arthritis that can last
tor months or years
may cause aplastic erisis in patents with chronic hemoly tic anemias

Discnoss

AAAAA made on clinical grounds. can be confirmed by tesiing for antibodies
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INtrcaons Aarsa

human parvovirus B19, a singlestranded DNA viras

Mobt or TR IS IO

most commonly. contuct with infectious respirdorny searetions
- alsa transomtted transplacentadhy and via blood and blood producis

ISR 1oN

worldwide: common in chitdren

Inctsyiios Prrion asn Covive NICaii 11y

410 20 dav s o deselopment of rash

-~ probably not communicable alter onset of rashs immunosuppressed
persons with chronie infection may be communicable up to years
after onset

TREVIMING

supportive onls

Privisnion i Coniron

= 1solation not practical i community at large
— hospitidized patients with transient aplastic erisis should be isolated
— hand wushing after patient contact

Faciors Facitimving Exieraescr
= a pervasive virus that has only recently drasninercased attention
s g hematogenous imfection, it may increase in importanee in
mmmunosuppressed persons and as a threat o the blood suppty

Human T-Cell Leukemia Virus (HTLV), Types 1 and 2
Drsiastts) asn Ssyaverows
Adult T-cell feokemia/lymphoma ¢ ATLLy: chronic progressive
mycelopathy: tropical spastic paraparesis (TSP
— hmphadenopathy hepatomepaly, splenomegaly hhmphomatous
meningitis
cutancous lesions teeneratized ervthroderma. papules, nodules.
plagres. and maculopapalar rashes)
tever and abdominal symptons may occur
- arthnites s frequently reported
discase ranges from subacute to rapidly Jethal omedan survival 1or
ATLE s 8 months)
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DuaGaosis

- izolation of the virus from the blood

- detection of antibodies

Inrecrors AdGend
- human T-cell leuhemia virus
— type 1 has been implicated in the causation ot leukenna and
hvmphoma by serologic. virologic, and epidemiofogic evidence
— type 2 was mitially isolated from two cases of hairy cell leukemia
{causality has not yet been established)

Mopt o TRANSMISSION

—— person-to-person transmission by blood (transtfusions and shared
needlies) und by sexual contact
— transplacental transmission is possible

DISTRIBL TION
— virus is present on all continents
— cases of HTLV-1 infection have clustered in the Carihbean. south-
western Japan, parts of Central and South America. Africy. Italy.
and the southern United Stutes
— HTLV-2 is commonly found in intravenous deug abusers

Incusation PERIOD AND COMMUNICARILITY
— incubation period is several vears and may be as long as 20
years
— communicability is unknown
TREVIMEN
— response of ATLL to conventional chemotherapeutic reginens has
been poor
— corticosteronds are helptul in some cases
PrEviENTION WD CONTROL
— avoidance of sexual or blood contact with an infected person
— screening of donated blood for the virus (types 1 and 2)
Facrors Facinannag EMERGENCE

— medical technology (transfusion)
— possibly increased intravenous drug abuse
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Influenza A Virus

Distast(s) ane Syvprovs
Drift influenza; pandemic influenza
— sudden onset of fever, myalgias, cough, headache. and profound
tatigue
— nasal discharge. sore throat. and hoarseness are common
— fever fasts from 1 1o 5 day st respiratory symptoms and malaise may
persist another 7 to 14 davs

— severe cases involve complications such as pneumonia

— infection can be fatal, especially n the elderly and in those debili-
tated by chronie cardiac. pulmonary | renal, or metabolic discase. as
well as in the immunosuppressed

— pandemic influenza is typically more severe. since populations have
no munity to pandemic strains

DiaGnosts
— recogmtion is commonly by epidemiological characteristics
— isolation of virus from respiratory tract
— detection of viral antigen in respiratory secretions

INFECTIOUS AGENT

— influenza A virus, an RNA virus that undergoes frequent mutations

— virus isolates are described by character of hemagglutinin (H) and
neuraminidase antigens: type A includes 3 subtypes (HINT, H2N2,
and HAN2)

—-— emergence of completely new subtypes (antigenic shifty occurs at
irregular intervals and typically resulis in pandemic influenza

— minor antigenic changes (antigenic drift) are responsible for annual
epidemics and regional outbreaks

MonE O TRANSMISSION

|

atrborne spread among crowded populations in enclosed spaces

- transmission also occurs by direct contact with mucus of an infected
person tintluenza virus can persist for hours in dried mucus)

— transmission from animal 1o human has been demonstrated rarely

Disyrist 110N
— worldwide
— 1n temperate regions., influenza outbreaks ovcur during colder months
in tropical regions, influenza occurs year round
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Incuganon Perion anp Covaesicasitin
— 1 to 2 davs
— period of communicabidity is probably 3 to 5 days from clinical onset

TrEATMENT

— amantadine and rimantadine, i given carly. shorten clinical finess in
acute infloenza A

Prevextion ann Conrron
— immunization (vaccine is fess eftective in the elderly, in the immu-
nosuppressed. and in people who have chronic renal failure)
— prophylactic amantadine is recommended for selected individuals
(e.g.. those at high risk ot complications from immunization)

Factors FaCiLimating EMERGENCE
— antigenic drift leads 1o small changes in the virus
— significant mutations in the virus (antigenic shift)y may resalt from
animal-human virus reassortment

lapanese Encephalitis Virus

DiSEASE(S) AND Sysmprovs

Japanese encephalitis virus disease

— clintcal features range from inapparent to fatal

— mild infections involve fever, headache, and myalgias

— severe discase imvelves high fever, nausea. vomiting. and altered
CONSCIOUSNESS

— hyperthermia. scizures, paralysis. and coma can occur

— convalescence 1y prolonged: up 1o 80 percent of survivors experience
neurologic sequelae

— with optimal care. case fatality rate is 10 percent (as high as 40
pereent in young children and in persons over 65 vears of age) -

Discsosis

-— 1solation of the virus from cerebrospinal fluid or blood
— isolation of viral antibodies from the blood and cerebral spinal tluid

INEECTIOUS AGENT
— Japanese encephalitis virus
—- pigs are tmportant amplification hosts for the virus
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MobE oF TRANSMISSION
— bite of an infective masquity
— transplacental transmission has been documented
— not directly transmitted from person to person

Disrrint rion
— widely distributed in eastern and ~outhern A<ia, the far ¢astern
Commonwealth of Independent States. and the Pacific wlands
IncusaTion Perion

— 010 8 days

TREATMENT

— supportive only

PrEVENTION AND CONTROL
— mosguito control
— an inactivated vaccine 1s widely used in Japan (95 percent efficacy
in chinical trials)
— a live, attenuated vaccine has been used in China
FACTORS FACILITATING EMERGENCE

-—— changes in agricultural practices tacilitating mosquito breeding

Lassa Virus

DISEASE(S) AND SympTons
Lassa fever
— gradual onset of fever, malaise. headache, dizziness. and
sore throat
— nausca, vomiting, and diarchea are common
— 1 severe cases. hypotension. shock. and seizures may result
— acute 1llness lasts 7 to 31 days, with an average of 12 days

IiAGRNOSES
— volation of virus from blood. urine. or throat washings
— serological tests (ELISA or IFA)

INFECTIOUS AGENT

— Lassa virus, an arenavirus named after a town in Nigeria
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Mobr o TRANSMISSION
— contact with excreta of infected rodents deposited on surfaces such
as beds and floors, or in tood
— transmission also occurs via contact with blood., secretions. or
everetions of an infected person
— transplacental transmission can occur
Distrist rios
— widely distributed over West Atrica, especially Nigeria, Sterra
Leone. and Liberia
Incrranion Perton axp CoMMuNicaBiiny
—— 8 to 14 days
— person-to-person transmission may occur during the acute febrile
phase when virus is present in the throat
TREATMENT
— antiviral agents: ribavirin
— mechanical ventitation and renal dialysis may be required
PrREVENTION AND CONTROL
— avoidance of contact with rats and infected persons
— stiict isolation of infected persons
Facrors Faciiranisa EMERGENCE

— unknown

Measles Virus

IDISEASE(S) AND SyMproms

Mcasles
— fever. conjunctivitis. coryza. cough. and Koplic spots on the buccal
mucosi

— red blotchy rash beginning on forehead and neck. later spreading to
trunk and limbs

Diacinosis

— usually made on clinical and epidemiological grounds

INFECTIOUS AGENT

— measkes virus
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Mobt oF TRANSMISSION

airborne transmission by droplet spread
— direct contact with the nasal or throat secretions of infected
persons

DistrisuTIoN

— worldwide
— incidence in @ population determined largely by levels of immuniza-
tion

INCUBATION PERIOD AND COMMUNICABILTY

— 10 to 14 days

— infective virus is present {rom the Sth day of incubation through 4
davs after onset of rash

— measles is one of the most highly communicable infectious discases
(measles virus can survive in droplet nucler for more than
2 hours)

TREATMENT

— NOne

PrevesTion asn CoNTrOL
— immunization with five measles vaccine
— children should be kept out of school at least tour days after the
onset of rash

FAactors FACIITATING EMERGENCE

— deterioration of public health infrastructure supporting immunization

Norwalk and Norwalk-like Agents

DISEASE(S) AND SYAPTOMS
Gastroenteritis, epidemic diarrhea
-— vomiting, diarthea, headache. and low-grade fever lasting 2 to 3 days
— disease often occurs in outbreaks involving people of all age
groups

Divasosis
- identification of the agent in the stool by clectron microscopy and/or
immunaologic assay (RIA and ELISA)
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INFECTIOUS AGENTS

— Norwalk agent (virus-like). Snow Mountain agent, Hawaii agent, and
other Norwalk-like agents

MobE 0 TRANSMISSION
— most likely fecal-oral transmission
— respiratory transmission may occur via acrosolized vomitus
— alleged vehicles of transmission include drinking water. swimming
water, and uncooked toods (shellfish and salads)

DisTrIBLTION

— worldwide
— in developing countries. disease 1s more common in children: in the
United States. disease typically occurs in older children and adults

IncusaTiON PERIOD AND COMMUNICABRILITY

— typical incubation period is 1 to 2 days

— disease is communicable up 10 2 days after diarrhea stops
TREATMENT

— supportive only (e.g.. oral {luid replacement)

PreveNtion asvp ConTrol
— effective preventive measures are undetermined
— possibly avoidance of alleged vehicles of transmission

Factors FaCirating EMERGENCE

— increased recognition

Rabies Virus
DisEasi(s) ann Syseous

Rabies

— primartly a disease of animals: all warm-blooded mammals are
susceptible

— acute encephalomyelitis

- fever, malaise. myalgia. vomiting. agitation or hydrophobia upon
attempt to swallow

— initial symptoms followed by hyperventilation. aphasia. paralvsis,
seizures

— cardiac arrhythmias and coma can follow
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DiaGyosis
— isolation and identification of rabies virus from saliva. cerebrospinal
fluid, urine. brain, or other tissue

INFECTIOUS AGENT
— rabies virus
— dogs are most commen reservoir host: in some areas. vampire bats,
mongooses, wolves, rouxes, raccoons, and other wild and domestic
animals are important reservoir hosts; also. newly emerging in
felines in the eastern United States

MobE oF TRANSMISSION
— a bite (that breaks the skin) from an infected animal: bites around
head. tace. or hands carry highest risk of infection
— mucous membrane exposure to saliva of an infected animal

DISTRIBUTION

— worldwide: causes an estimated 30.000 human deaths per year.,
mostly in developing coungries

IncusaTion PERIOD AND COMMUNICABILITY

— 1 to 2 months
— period of communicability for animals includes week betore clinical
signs and throughout the course of the disease

TREATMENT
— immediate and thorough cleansing of bite wound
— administration of rabies immune globulin (RIG) around wound and
intramuscularly to prevent infection, and vaccine intramuscularly to
prevent infection
— the only treatment tor disease is supportive: more than 99% of
patients with symptomatic infection die

PrivesTion asp ConTrOL
-— pre-exposure vaccination is recommended for persuns whose
occupations or travel will place them at risk for exposure to rabid
animals
-— vaccination of dogs and cats
— isolation and destruction of infected animals

Factors Faciimrating EMERGENCE
- changing movements of reservoir host species
— absence or fatlure of rabies control programs
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Rift Valley Fever Virus

DISEASE(S) AND SyMmprows
Rift Valley fever
— abrupt onset of fever. severe headache. myalgias, and arthralgias
— complications include jaundice and hemorrhagic complications
— encephalitis and retinitis may oceur
— some survivors are lett with neurologic sequelae and permanent

visual damage

— (in animals: enzootic hepatitis)

DiaGrosis

— virus isolation from the btood
— demonstration of virus antibodies in the cerebrospinal fluid or acute
serum

INFECTIOUS AGENT

— Rift Valley fever virus

Maope oF TRANSMISSION
— bite of an infective mosquito
— contact with infected animals or their tissues
— possible transmission via unpasteurized milk
— not directly transmitted from person to person

DISTRIBUTION

— widespread in Africa: mutially described in Rift Valley in Kenya

InctsanoN Pegion

— 3 to 5 days

TrEATMENT

— supportive only

PrivENTION AanD CONTROL
-— an inactivated vaccine is available for persons at high risk of
infection (veterinarians. laboratory personnely in endemic arcas
— a candidate live, attenuated vaccine is under development
— immunization of ammals
— maosquito control

Factors Faciiimansa EsiEraesce
-- importation of mfected mosquitoes and/or animals
— creation of mosquito habitats through dam building and irrigation
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Ross River Virus

Diskase(s) asn Symeroms
Ross River tever

aselt-limited disease characterized by arthritis (especially in the

wrist, knee, ankle. and small joints of the extremities), which lists

from days to months

—- a maculopapular rash on the trunk and timbs commonly tollows the
onsct of arthritis: rash resolves within 7 to 10 days

—- fever is frequently present. lasting 6 to 7 days

— in 25 percent of cases. theumatic symptoms continue one year or
longer

Divainosts

— isolation of virus from scrum
— detection of virus antibodies in serum

INEECTIOUS AGENT

— Ross River virus

Mont oF TrRANsMIssIoN
— bite of an infective mosquito
— transplacental transmission may occur
— not directly transmitted from person to person
— virus reservolr is praobably the kangaroo
DisrriBUTION
— Austratia. Tasmania. Papua New Guinea. Indonesia. and several
South Pacitic islands
INCrsyTION PERIOD

— 310 11 days

TrEATMENT

——= supportive only

Prevestios o ConTrol

- mosquito control

Factors Facirranse Esieraeser
-- importation of infected mosguitoes and/or travel by infected
people
- creation of mosquito habitats through dam building and
irrigation
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Rotavirus

Diseast(s) AND Syuproms
Rotaviral enteritis
— varies from asymptomatic to severe and cometimes fatal
gastroenteritis: group A viruses predominate in infants and young
children, group B in older children and adults
— watery diarrhea, vomiting, low-grade fever, and dehydration
— illness typically lasts 3 to 10 days
DiaGnosis
— identification of the virus in the stool by immunologic assay
(ELISA). electron microscopy. or isolation in cell culture

INFECTIOUS AGENT

— one of three groups (A, B. or C) of rotavirus (A is the most common
cause of iflness in humans)

MobE oF TransMiss10N

— primarily fecal-oral

— fecal-respiratory transmission may also occur
DistriBuUTION

— worldwide

IncrpaTion PERIOD anD COMMUNICABILITY
— incubation period is 1 to 2 days
—- virus shedding occurs throughout duration of illness and continues
for several days following the disappearanc: of symptoms

TrEATVENT

— supportive only (c.g.. oral fluid replacement)

PrevesTion ann CoNTROL
— ¢ffective preventive measures are uncertain
— avoid exposure of infants to persons with acute gastroenteritis
— passive immunization by oral immunoglobulin has been ceffective
in proteciing low-birth-weight newborns
a number of oral vaccines are in various stages of
development

Factors FACHITATING EMERGENCH

— increased recognition
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Venezuelan Equine Encephalitis (VEE) Virus

Disease(s) and Symptoms
Venezuelan equine encephalitis
— sudden onset of fever, chills, severe headache. nausea. and vomitinug
— pharyngitis and facial erythema may be present
— central nervous system manifestations (stupor, coma. seizures. and
spastic paralysis) can accompany severe cases
— most infections are fairly mild: symptoms last 3 10 S days
— in patients with encephalitis, illness typically lasts 3 to 7 days

DiagNosis
— isolation of the virus or of viral antibodies in the blood
— sometimes based on epidemiologica' erovnds (in areas that have
experienced a recent equine epizootic)
INFECTIONS AGENT
— Venezuelan equine encephalomyelitis virus
~— virus is maintained in rodents
— transmission cycle involves horses. which serve as the major source
of virus to infect mosquitoes
MoDE or TRANSMISSION
~ bite of an infective mosquito
— transmission also occurs transplacentally and in laboratories via
inhalation
— not directly transmitted from persan 1o person
— no evidence of aerosol transmission from horses to humans

DistrisUnioN
— disease is enzootic and epizootic in tropical South America, Central
America, the Caribbean. southern North America, and Mexico

Incusanion Perion

— 2 to 5§ days

TrREATMENY

— supportive only

Prevennion asn Conrror
— mosguito control
— a Jive, attenuated - accine is available for luboratory workers and
other adults at high risk of infection
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— a killed. attenuated vaccine exists for caser in which the live vaccine
is meftective
-— control of infection in horses by vaccination

FACTORS Facu 1 3v1inG EMERGENCE

— ntreduction into pew regions via infected mosguitoes and horses

Yellow KFever Virus

Diskast(s) ann Syvrrons

Yellow fever

— climical features range from inapparent to fatal

— typical attacks arve characterized by abrupt onsct. fever. chills,
headache. muscle pain. pausca, and vomiting

— as disease progresses, jaundice. hemorrhagic complications. and
renal fatlure may occur

— puilse may be slow despite high fever

- - the case fatality rate among indigenous populations ot endemic
regions is less thun 5 pereent: this rate may exceed 50 pereent
among nonindigenous groups and in epidemics

— recovery is slow but complete in survivors

Diacnosts
— 1solatton of virus from the blood
— demonstration of viral antigen in the blood or liver tissue by ELISA

INFECHIOLS AGENT

— Yellow fever virus

Mobt oF TRANSMISSION

— bite of an infective mosquito

-— not directly transmitted trom person to person
Disirine nox

—= discase is endemic in tropical South and Central America and in
Africa

—- potential for outbizaks exists in other arcas where vector mosquito is
tound Gincluding the United States)

Inctsanon Perion

— range 15 3 to 14 days: usually 1 1o 6 days
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— bload of patients is infective tor mosquitoes 310 5 days ater onset
ot illness
FTriviw N

sapportive onh

Privisvton anDh Coniruol

a bve vical vaceme prepared from chick embryos is sate and highly
effective (more than 95 pereent of those vacemated will have
mmmune response within 7 to 10 dayss mmmumity asts at least 10
NEL

mosquito controt

Facrors vty BEsiror st

- lack of effective mosquito control

- hack of widespread vaccination
urbanization in the ropies
increased atr travel

EMERGENT PROTOZOANS, HELMINTHS, AND FUNGI

Anisakis
Distasi st s\ Syvperons

Anisahrasisg herring worm discases cod worm discase
SCVOTC CPIZaNTIC pain. nalsed. vomiting, fever
ohstruction. ulceration. and bleedimg in the gastromiestinal tract are
possible

[DIRVIANEININ
- recognition of the 2 10 3 cme farva invading the oropharynx
-visualization of farvace thiough gastroscopic examination
Isprcnors Ak
~larval nematodes of the Anisakidae family. common parasites of
marine mammals and fish
Moot ob Trasswission

ingestion of farvac in raw or undercooked Tishe squid, or octopus
tlarvae are colorless, tighthy corled. and not casily seen m fish tlesh)
- not transmitted directty from person to person




248 VPPEANDIN B

Distrist rios
—- O cases are reported from Japan
= vases are abvo sporadically reported from North and South America,
Europe. Asia, and the South Pacitic
infected fish can potentially be shipped 1o any region of the world
Incusanion Prrion
— 1 to 12 hours for gastric attachment: 7 to 14 days tor intestinal
attachment
Trearvesa
— endoscopic removal of larva
—-surgery may be pecessiary to remove ohstruction
PrevisTion avn Cosrraot
— heating marine fish to T40°F for 10 minutes or freezing at -4F for
at least tive dass kills the larvae
Factors Facuimainna Exeraescr

— increasing popularity of raw fish dishes in the United States and
¢lsewhere

Babesia

Driseaseis) asp Syarions
Buabesiosis
fever, tatigue, chills. and hemolyoe anemiu fasting from several days

1o a tew months

DisGhosis

— blood smear contains red blood cells with visible parasites

INtECTIONS AdrNa
- Bubesia microti and other Babesia species (protozoan parasites)
— nymphal Lvodes tichs (carried by deer micey are vectors: aduit ticks
live on deer
Mont o1 TraxsABSION

-— bite of a nymphal Hvodes tick
— not direetly transmitted from person to person
occasional transmission by blood transtusion has been reported

[l
}
\
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DISTRIBUTION
— widespread in areas where ticks are present
— majority of cases are from northeastern United States
— also reported from France and other European countries

Incusanion Periop

— variable: 1 week to 12 months reported

TREAIMENT
— a combination of amtiparasitic agents (clindamycin and quinine) has
been eftective in most patients
— exchange blood transfusion may be required in patients with very
high-grade parasitemia

PREVENTION axD CONTRO
— avoidance of tick exposure in endemic areas (protective clothing,
tick repetlant)
— control of rodents around human habitations

Facvors Facnaratine EMERGENCE

— reforestation and subsequent increase in deer population
— housing development in wooded areas

Candida
DISEASE(S) AND SymproMs

Candidiasts

-— fungal infections usually confined to the superficial layers of skin
or mucous membranes: oral thrush, intertrigo, vulvovaginitis,
paronvchia. or onychomycosis

— ulcers may be tormed in the esophagus, gastrointestinal tract. or
bladder

— dissemination in the blood may produce lesions in other organs
{kidnev. spleen. liver. lung. endocardium, eye. or brain)

Diatinosts

-— microscopic demonstration of yeast cells in infected tissue or body
fluid
— ftungal culture
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INFECHIOUS AGENS

— species of the tungus, Candida

Mobe 01 TRANSMISSION

— vontact with secretions or excretions of mouth. skin. or vagina of
intected persons, or with the teces of infected persons

—~ passage from mother to infant during childbirth

—- endogenous spread

— disseminated candidiasis can originate trom indwelling urinary
catheters and percutancous intravenous catheters

DISTRIBUTHON

— worldwide
—= the fungus (C. albicansy is often part of the normal human
flora

IncesvHON PERIGD AND CoMaeNc Bty

— incubation period is variable
— infection is presumably communicable while lesions are present

TREANTMENT
— topical antifungal agents: imidazole. nystatin
— oral clotrimazole troches or nystatin suspension is effective tor
treatment of oral thrush
— oral ketoconazote s effective tor treatment of infected skin and
mucous membranes of the mouth. esophagus. and vagina

PreviNTion ann ConTrol
— detection and treatment of infection early to prevent systemic
spread
— detection and treatment of vaginal candidiasis during third trimester
of pregnancy to prevent neonatal thrush
— amehoration of underlyving causes of infection (e.g.. remosal of
indwelling venous catheters)

Factors Facnrransa ExMeraeser

e IMINUBOSUPPIESSIon
— medical management (catheters)
—— antibiotic use
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Cryptococcus
Diseases) ann Syvprons

Cryptococcosis

— a fungal infection, usually presenting as a subacute or chronic
meningitis

— skin may show acneiform lesions. uleers, or subcutancous tumor-like
MASSeN

— mfection of lungs, Kidneyvs. prostate. bone. and liver may oceur

— untreated cryptococcal meningitis terminates fatally within several
months

Disanosis
— visualizatnon of fungus on microscopic examination of cerebrospinal
tluid
— tests for antigen in serum and cercbrospinal fluid

INtECTIOUS AGENT
— Cryprococens species. typically C.oneoformans, a fungus
— fungus grows saprophyticalty in external environment (can he
isolated from the soil 1n many parts ot the world)
— fungus can consistently be isolated from old pigeon nests and pigeon
droppings

Mone or TrRANSMISSION

— presumably by inhalation

—- witerborne transmission can also oceur

— noi transmitted directly from person to person or hetween animals
and people

Disirist rnios

— worldwide

— infection occurs mainly in adults

— disseminated or central nervous svstem cryptococcosis is often a
sentined ifection for HIV-infected persons

— infection also occurs in dogs. cats, horses. cows. monkeyvs, and other
animals

Incruarion Prrion

— unknown
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TREATMENT
— antifungal agents: amphotericin B s effective in many cases
— very difficult to cure in persons with HEV disease
PrREVENTION AxD CONTROL

— caretul removal (preceded by chemical decontamination and wetting
with water or oil to prevent acrosolization) of farge accumulations of
pigeon droppings

FAaCToRS FACILITATING EMERGENCE

— IMMunosuppression

Cryptosporidium

DisEASE(S) AanD Symproms

Cryptosporidiosis

— a parasitic infection of the epithelial cells ot the gastrointestinal,
biliary. and respiratory tracts of man, as well as other vertebrates
(birds. fish, reptiles. rodents. cats. dogs. cattle. and sheep)

— symptoms of infection incltude watery diarrhea. nausea, vomiting,
malaise, myalgius. and, in about halt of cases. fever

— symptoms usually come and go. but subside in fewer than 30 davs in
most bealthy immunocompetent persons

— immiunocompromised persons may not be able to clear the parasite,
with disease becoming prolonged and fulminant and contributing to
death

Diacyosts
— identification of oocysts in fecal smears
—— identification of parasites in intestinal biopsies
INFECTIOUS AGENT
— Cryprosporidium, a protozoan parasite
MobkF oF TrANSMISSION
— fecal-oral spread from contaminated fingers. food. and water
— occasional transmission by cerosolized organisms has been reported
DisTrRIBETION

— worldwide: organism has been found wherever sought
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INcuBAaTION PERIOD AND COMMUNICABILITY

— probably 1 to 12 days

— ouocysts, the infectious stage of the parasite. appear in the stool from
the onset of symptoms to several weeks after symptoms resolve

— outside the body. oocysts can rematn infective for 2 to 6 months in a
moist environment

TrEVTMENT
— flutd and clectrolyte replacement: nutritional support
— effective. specific therapy has not vet been identitied
Prevextion avn CoNtrol
— caretul handling of animal excreta
— hand washing by those in contact with calves and other animals with
diarrhea
— effective waler treatment
Facrors Facnararning EMERGENCE
— development near watershed areas
— immunosuppression

Giardia lamblia

Diseasets) ann Symprons
Grardiasis
- infection of the upper small intestine
-~ trequent diarrhea. bloating, abdominal cramps. fatigue. low-grade
fever, moadaise, and weight loss
— symptoms typically subside after 2 to 3 weeks, but chronic or
retapsing diarrhea may occur
DiaGNosis
—- idenufication of cysts or trophozoites in feces or of trophozoites in
biopsy material from the small intestine
INprcior s Aces

— Giardia lamblia. 3 protozoan parasite

Maope oF TrANSMISSION

‘‘‘‘‘ ingestion of cysts in fecally contaminated food or water
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— direct person-to-person sprecd via hand-to-mouth transfer of cysts
from an infected individual <ospecially in day care centers and
chronic care institutions)

DISTRIBL TION

— worldwide: causes both sporadic outbreaks and epidemics

INCtBAtoN PERIOD AND COMMUNICABILITY
— incubation period runges from 3 days to 6 weeks: usually 110 3
weeks
— infected persons can be a source of infection tor as long as they
carry the arganism

TreATMENT

— antiparasitic agents: quinacrine. metronidazole. turazohdine

PrREVENTION axp CoNTROL
— avoidance of drinking untreated surtface water
— disposal of feces in a sanitary manner

Factors FacnaramG EMERGENCE
—- infection in the animal population (beavers and dogs)
— capability of the organism to survive in water supply systems that
use superticial water
— IMMunosuppression
— international travel

Microsporidia

Diskasets) wwn Syveross

Microsporidiosts

— chronic gastroenteritis. diarrhea, and wasting in patients with HIV
discase

-— conjunctivitis. sclentis, ditfuse punctate keratopathy, and cornceal
ulceration have also been reported, primarily in patients with HIV
discase

- other findings include fever, hepatitis. muscle weakness, and
neurologic changes

Divanosis

— requires clectron microscopy of biopsy specimen
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INFECTIOUS AGENT

— protozoan parasites from the phylum Microspora (phylum consists of
about 80 genera. of which at least four cause human disease:
Encephalitozoon, Enterocytozoon. Nosema. and Pleistaphora)

— microsporidia typically infect animals and have only recently been
recognized as human pathogens

Mobi 0F TRANSMINSION
— unknown; probably by ingestion of contaminated food or water
— spores of some species survive up to 4 months in the environment
DisTRIBL TION

— worldwide
— human infections have been reported from Atrica. North and South
America. Asta. and Europe
— the majority of reported patients have been immunosuppressed
INCUBATION PERIOD AND COMAUNICABILITY

— unknown

TREATMENT
— no clearly effective therapy is availible
— some patients have improved with antiparasitic drugs pyrimethamine
and mctronidazole
Privestion awn CoNproL

-—— unknown at this thme

FFacrors Facimrvimg EMERGENCE

— Immunosuppression
—= parasite is newly recognized

Plasmodium

IXsEaskrs) AN Syvptovs
Malaria
-~ fever, headache. nausca. vomiting, diarrhea. myalgias, and malaise
—~in 30 to 40 pereent of acute cases, the spleen is enlarged and hiver
mas he tender
respiratory and renal failure, shock. acute encephalopathy. pulino-
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nary and cerebral edema, coma, and death may result from severe
cases (espectally P falciparum infections)

— duration of an untreated primary attack ranges trom 1 week to |
month or longer: relapses of tebrile iliness can occur at irregular
intervals tor up to 2 1o 5 vears

— chrontcally infected persons develop hyperreactive malarial
splenomegaly or nephrotic syndrome

— vase fatality rates among untreated children and nonimmune adults
cexceed 10 percent

DiacNosis
— identification of characteristic intraerythroeytic parasites on a blood
smear

INFECTIOUS AGENT
— Plasmodium fulciparum, P. vivax, P. ovale. and P. malariae
— protozoan parasites with an asexual cycle i humans and sexual
cycle in mosquitoes

MoOBE OF TRANSMISSION
— bite of an infective mosquito
— not directly transmitted from person to person
-— transmission by transfusion and transplacental transmission account
tor a small percentage of infections

Distrint rioN

— indigenous malaria persists in about 100 tropical and subtropical
countries

- disease occurs i Africa, Asia. Mexico, Central and South America.
the Caribbean. the South Pacific Islands. and in parts of the
Commonwealth of Independent States

— worldwide, an estimated 200 to 300 million infections oceun
annually . with 2 to 3 million deaths {most are from P falciparun)

— chloroguine-resistant P. fulciparum strains have been reported from
cndemic areas in Africa, Asia, and the Americas: continued spread
of resistance is expected

Incepanton Prrion

— 1010 30 davs. depending on virus strain

—- transimission by transtusion can occur as long as asexual forms of
the parasite rematn in the circufating blood (for P. malariue. this can
be more than 40 ycars)
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TREATMENT

— chloroquine is drug of choice unless resistant P, fulciparum is
suspected

— quinine plus tetracycline. pyrimethamine and sulfadiazine/
clindamycin. or meftoguine should be used for resistant P.
falciparum strains

— resistance of P. fulcipuruni malaria to all antimalarials has been
reported: in these cases, combination therapy and repeated courses
of treatment may be necessary

PREVENTION AanD CONTROL

— mosquito control
— chemoprophylactic regimens (be sure to obtain updated
information)

Factors FACILITATING EMERGENCE
— urbanization
— changing parasite biology
— environmental changes
— drug resistance
— air travel

Pneumocystis carinii

DIstast(s) ann Sysproas

Pnewnmoeystiy carinii ppeumonia

— progressive dyspnea. tachypnea, and cyuanosis

— pneumonia is often fatal in malnourished. chronically ifl. and
premature infants. as well as in adults who are immunocompromised

Diacrosis
— demonstration of the organism in material from bronchial brushings,
open lung biopsy, and lung aspirates
— no satisfactory culture method or serologic test is in routine use i
present

ENFRCTIOUS AGENT

— Pneumocystis carinii, a protozoan parasite (with genetic similarities
to a fungus)
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Mobe oF Trass issIoN

— unhnown in man Girborne transmission has been reported in rats)
— subclinical infection may be common

Distrisu 1ton

— worldwide
— the discase affects 60 percent of patients with human immunodeti-
cieney virus (HIV) disease

Incusyion Prrion axn CovmneNIcAaBiiin

— unknown: symptoms typically appear 1 1o 2 months after onset of
INVMUNOSUPPIENSION
-— period of communicability is unknown

TrRENTMIENY

~— coatrimoxavzole 1s first choice drug: pentamidine is also used

Privintion anp Covirorn

~— prophylaxis with cotrimoxazole in immunocompromised
patients

Factors Faciiransneg BEvierainet

— IMMUNOSUPPICSSION

Strongyloides stercoralis

IDISEASE(S) AN Syvriows

Strongyioidiasis

— transient rash at site of parasite penetration into the skin

~— coughing and wheeszing may develop when parasite passes through
lungs

— abdominal symptoms occur when adult female parasite invades
intestinal mucosa
ahdomimal pam. diarrhea. nausea can be chronic and relapsing

- - the immunocompromised host, infection may become dissemi-
nated, resulting in wasting. pulmonary involvement. and
death

Diseinosts

-dentitication of larvae in stool specimens or duodenal aspirates
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INFECTIONS AGENT
— Strougyloides stercoralis, a nematode
— larvae penetrate skin, enter blood vessels, trave! to lungs. migrate up
respiratory ¢ to the pharvax. where they enter the gastrointestinal
truct (where the female lays cges)

Mobr o TRANSMISSION

— penetration ot skin or mucous membrane by infective farvae (usually
from fecally contaminated soil)

- free-living form ot the parasite can T madciaines in the environ-
ment (soib) tor vears

—— transmission also occurs via oral-ang! sexual activities

Disirint tios

— worldwide: most common in tropical and subtropical arcay

INcusarion PErion asp CoVNENTCABILITY

— larvae can be found in stool 2 10 3 weeks after exposure
— infection is potentially communicable as long as living worms
remain in the intestine

TrEATME T

— antiparasitic agents: thiabendazole, athendazole. ivermectin

Privistion asn Conirorn
— disposal of feces ina sanitary manner
— avoldance of shin-soil contact in endenic areas

Faciors Facnamving BEseraeser

~nternational travel
- IMMUNOSUPpression

Toxoplasma gondii

[ st asits) b Syaprows

Toxvoplasmosis

—systemic protosoan disease. frequently present as an acute
mononucleosis-like disease (malaise, myalgias. fever)

~ fimmunocompromiscd persons tend o have severe primary
infection with pneumonitis, myocarditis. meningaencephalbitis,
hepatitin, chorioretinitis, or some combination of these
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— congenital toxoplasmosis causes chortoretinitis, tfever, jaundice, rash,
and brain damage

DiaGaosts

— based on clinical signs, as well as on demonstration of the organism
in body tixcues or fluids

INFECTIOUS A GENT
— Toxoplasma gondii, a protozoan parasie
— cats and other felines are reservoirs
— intermediate hosts are sheep, goats, rodents. swine. catie. chicken,
and birds

Moot or Trasswssiox
- gestion of oocysts (on ffagers or in food contaminated with cat
feces) or cysts in raw o7 undercooked meat
—- transplacen.al transmission
— transmission through blood transfusion and tissue transplantations
has been reported
— not directly transmitted from person to person (exeept in utero)

DistriBUTION

— worldwide
- pr salence of seropositivity is higher in warm. humid climates and is
influenced by presence of cats and by eating habits

INcepaiion Periop

— 110 3 weeks

Tre v IAtEST
- antiparasitic agents (pyrimethamine plus suifadiazine) for persons
with severe discase
—- no treatment .. needed tor most healthy, immunocompetent hosts

Prevestion ssp Conirot

--- thorough cooking of meats

— daily disposal of cat feces and disintection of litter pans {pregnant
+omen should avoid conta t with litter pans)

— thorough hand wo hing after handling of raw meat

- prophylactic trew . nt for patients with HIV disease

Facrors Facirransa Esiraence

rrrrr - immunosuppression
~= InCrease in cats as pets
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Global Resources for
Infectious Disease Surveillance

U.S, and U.S. Affiliated
(.S Deparmvicar of Defeme

ARMY
T Walier Reed Army Institute of Rescarch ¢WRAIR)
20 Armed Forees Institute of Pathology (AFIPy
3US Army Medical Rescarch Institute of Infectious Discases
(USAMRIED)
40 0.S0 Army Medical Researeh Units (USAMRU
« Brasilia. Brasil
» Nairobi, Kenya
« Scoul. Korea
« Banghok. Thailand
S0 Armed Torces Medweat Troelligence Center (AFMIC
6. Armed Forces Epidemiology Board (AFERB)
7. Global Epideniiofogy Working Group «GEWGH

NAVY
.o Navy Medical Rescarch and Desclopment Commuand
INMRDC)

ta

Nanvy Medical Rescareh Units iNANRU )
« Indonesia
« Philippines
o Loyt

o Peu

Ny
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Public Health Service
NATIONAL INSTITUTES OF HEALUTH oONTHD

L. Fogawry International Center
20 Natonal Institute ot Atlergy and Intectious Discases (NTATDY

o International Collaborations in AIDS Rescarch (1CAR)
Mesteo tHarnvard University
Sencgal tHarvard University
Malawt Johns HopRins Universityy
Uganda ¢Case Western Reserve Unversity g
Zaire CTults Universinyy
Brazil «Corncl Universityy

« International Collaborations in Infectious Discase
Research (iCIDR)
Brazil (Sabvadorn tCormell Universiy
Braszit cForteleszay tUniversity of Virgim
Brusil (Belo Horizonter tVanderbilt University)
Braztl (Osvaldo Cruz Institutey tHarvard University
Venezuela CAthert Emnstein College)
Sudan (Brigham Youne Universiyg
Isract (Columbia Umiversity )

* Tropcal Medicine Rescarch Centers ¢ TMROY
Colombii
Brasit
Phitippines

« Intramural
Malarta Research and Traming Center. Mah
A Shams Universitn, Egypt crescarch on vedtors of
diseased

o International Tropical Medicine Rescarch Network (not
et operationah

CENTERS FOR DISEASE CONTROL (DO

1. Nauonal Center tor Infectious Diseases e NCIDy
20 Nattonal Center for Prevention Services (NCPS)
A Medical Entomotogy Unit Guatemala
4. Epidemic Intelhigence Service (RIS

+ baapt
» Puerto Ricoe
« Swerra Leone
3. Field Eprdenmiology Traiming Projects (FETP)
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Thailand
Indonesia
Menico
Tawan
Saudi Arabia

International

World Health Oreanization, Geneva, Switzerland

F. Special Programme tor Research and Tramimg in Tropicad
Discases (TDR)

‘o 1

Bargladesh (ICDDR.By

4~

Special Programme for Control of Druurrheal Discases
Internanional Centre for Diarrheal Discase Rescarch.

WHO Collaborating Centres: the WHO spoonsors collaborations

between laboratories around the world on many rescarch topies,

includivyg such infectious discase subspecialties as:

+ Acquird immunodeticiency syndrome
AIDS rescarch (Projet SIDA)
Arbovirus reference and research

Enteric phage typing

Epidemiology of leptospirosis

Epidemiology traming

Eviduation and testing of new insecticides
Host and parasite studies on malaria

Immunization activities
Klchsiella
Mycobacterium leprae
Mycotic discases
Plague

Reterence and rescarch
Reterence and research
Reference and rescarch
Reference and research
Retference and rescarch
Reterence and rescarch
Rescarch. traiming. and

N CNICTOVITUSes

m Excherichia

1N rabies

wn Shivella

in syvphilis serology

on viral hepatitis
eradication of dracunculiasis

Rickettsial reference and rescarch

Scrlnioncetla

Smullpox and other poxyvirus infections

Staphyilococcus phage typing

Surveillance. epidemiology. and control of itluenza
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o Trepanomatoses

o Virus referenve and rescarch trespiratory virus discises
other than influenza)

« Virus reterence and rescarch tspecial pathogens)

S0 Pan American Health Organtzation (PAHO)—network of sunvetllance
labs:

o Osvaldo Cruz Foundation (FIOCRUZ). Rio de Janeiro, Brasd

o Carlos Malbran Institute. Buenos Aires. Argenting

« National Institute of Health. Bogota., Colombia

« National Hygiene Institute “Ratae! Rangel”, Caracas, Venezuel

e Central Amerncan Nutritton Institute (INCAP). Guatemala,
Guatemala

o Caribbean Epidemiology Center (CAREC), Port of Spain,
Trinidad

« Evandro Chagas Institute, Belem. Brasil

o National Health Tnsttate. Santiago, Chile

« Nattonal Institute tor Diagnosis and Epidemiological Reterence
(INDRE). Mexico City. Mexico

Pasiewr nstitntes
o Algiers. Algeria
» Brabant. Belgium
< Bangui. Central Africun Republic
< Paris. France
» Cavenne. French Guiana
« Noumea. New Caledonia
o Tchran. Tran
» Antanananvo, Madagascar
o Casablanca. Morocco
o Tungier. Moroceo
e Dakur. Sencgal
» Novi Sad. Yugoslavia

Consultative Group on [niernational Avriculiure Research (CGIAR
The iternational Clorical Epidenioloey Nevwork (INCLEN
National fppdemiodoey Boards (NEB)

Commuanty Epidemioloey and Health Management Nenwork «CEN)
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Committee and Staft Biographies

COMMITTEE

JOSHUA LEDERBERG (Co-chair). Ph.D.. iv University Professor and
Sackier Foundation Scholar at Rockefeller University. New York. After
receiving his PhuDoat Yale, he served as professor of genetics at the Uni-
versity of Wisconsin. then at Stanford University. before coming o Rocketeller
i 1978 His lifelong rescarch. for which he received the Nobel Prize in
195K, has been in the genetie structure and function of microorganisms. Dr.
Lederberg has also been actively involved in artificial intelhigence research
(in the computer sciences) and in the National Acronautics and Space Ad-
ministration experimental programs seeking life on Mars. ie has heen a
consultant for the biotechnology mdustry (especially Cetus and Atfymax
Corporations) as well as tor government and the international community,
tFor example. he has Jong had a keen interest in international health and has
served for sixoyvears on the World Health Organization™s Advisory Health
Research Council.y Dr. Lederberg received the National Medal ot Scienee
i 1989, at which time his consultative role was spectfically cited. He has
heen a member of the National Academy of Sciences since 19570 and a
charter member of the Institute of Medicine: he has also served as chairman
of the President™s Cancer Panel and now chairs the Congre s Technology
Assessment Advisory Council. From 1978 to 1990, Dr. Lederberg served
as president of Rocketeller University. As University Protessor, he contin-
ues his research activites there in the fickd of tunscriptional speciticities
of bacterial mutagenesis,

ROBERT E. SHOPE (Co-chairt. M.D.. is professor of epidemiology at
the Yale University School of Medicine, Internationally known for his -

ns
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pertise i discovering and identifying newly emerged microbes, he was
member of the eams that tound and characierized Lassa virus, the rabies
related viruses. Lyme disease, and. most recently, the virus that causes
Venesuelan hemorrhagie foser. The Yale Arbovirus rescurch unit. which he
directs, s the World Health Orgamization Centre for Arbovirus Rescarch
and Reterence. This center is responsible Tor supplyving diagnostic refer-
enee reagents mternationally. Dro Shope is past president ol the American
Society of Troprcal Medicine and Hyerene and o fetlow of the American
Academy of Microbiology.,

BARRY R. BLOOM, Ph.D.is an investigator of the Howard Hughes
Medical Institute and Weinstock Professor of Microbioloes and ITmmunal-
ogy b the Albert Einstemn College of Medicine in New York, He recenved
his BoAL degree and an honorary Se.D. degree from Aanherst College. and
his PhoD.irom Rocketeller University. He has served as a consultant to the
White House on international health, as president of the American Associa-
tion of Immunofogists. and as president of the Federation of American Soci-
eties of Experimental Brotogy. Dr. Bloom i chairman ot the Scientific and
Technical Advisory Committee to the United Nutions Devclopment Pro-
gram/World Bank/World Heatth Oreanization tWHO) Special Program tor
Vaccine Development. Dr. Bioom also serves on the Board on Science and
Technology tor Internationat Development of the National Rescarch Coun-
cil and on the National Vaccine Advisory Board, He is a member of both
the National Academy of Sciences and the Institate of Medicine.

ROBERT L. BUCHANAN. Ph.D..is rescarch leader of the Micrabial
Food Satety Rescarch Unit at the United States Department of Agriculture
CUSDAY Agricultural Rescarch Service’s Eastern Regional Rescarch Center,
where he conducts and coordinates rescarch on controlhing the transmission
of humun discases in foods, He recerved his PhoD. i tood science Trom
Rutgers Eniversity, which was Tollowed by postdoctoral studies in mycoton-
icology at the University of Georgia. Prior to joimning USDAL he was an
assoctate professor at Drexel University, Dr. Buchanan has seeved on the
National Advisory Committee for Microbiological Criteria for Foods and
the International Commisston for Microbiological Specitications Tar Foods,
He is o member of the American Academy of Microbiology .

JOHN R DAVID. M D is protessar and chairman of the Department of
Tropical Public Health ot Harvard School of Public Health and protessor ot
medicine at Harvard Medical School. Dr, David received his MDD from the
Unversity ot Chicago and s board certificd in internal medicine. His
rescarch tocuses on cellular immunciogy Cespecrally on the function of ou-
gration inhibitory fuctor (MIF). the first Ivmphokine, which he co-discon-
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ered: and on infectious diseases, primarily leishmaniasis, schistosomiasis.,
and tuberculosis. He is past president of the American Society of Tropical
Medicine and Hyvgiene and a longtime consultunt for the World Health
Organization and the Special Program for Research and Training in Tropi-
cal Diseases of the World Bank/United Nations Development Fund/World
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Glossary

acaricide 2 pesticide that kills mites and ticks.

AIDS  acquired immunodeficiency syndrome, the end stage of HIV dis-
LUse.

aminoglvcoside a class of antibiotic that acts by inhibiting microbial pro-
tein synthesis,

antibody a protein produced by the immune system in response to the
introduction of a substance (an antigen) recognized as foreign by the
hody's immune system. Antibody interacts with the other components of
the immune system and can render the antigen harmless, although for
various reasons this may not alwavs oceur.

antigen a molecule capable of eliciting a specitic antibody or T-cell re-
THOTING.

antizenic  having the properties of an antigen.

arbovirus  shonened form of arthropod-borne virus. Any of a group of
viruses that are transmitted to man and animals by mosquitoes. ticks,
and sand tlies: they include such agents as yellow fever and eastern,
western. and Venezuelan equine encephalitis viruses.

arenavirus any ol a group of viruses composed of pleomorphic virions of
varying size. one large and one small segment of single-stranded RNA|
and ribosomes within the virions that cause the virus to have a sandy
appearance. Examples are Junin. Machupo. and Lassa fever viruses. Rodents
are comumon reservetrs of the arenaviruses.

arthropod  as used in this report, refers to msects and ticks. many of
which are medically important as vectors of infectious discascs.

arthropod-borne capable of being transmitted by insect and tick (arthro-
pod) vectors,
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B Iymphocyte  onc of two general categories of Ivmphocyies iwhite blood
cellsy mvolved i the humoral mmune response. When helbp is provided
by T Ivmphocytes. B Ivimphocoytes produoce antibodies agaimst specili
antrgens,

bacillus  rod-shaped bucteria.

bacterenta  relers o the presence of bacteria m the blood.

heta-lactam  an active portion of an antibiotic te.g.oa penicithy o copha
losporing that is part of the chenical structure of the antibiotic and thi
can be neetralized by a beta-lactamase produoced by cortarn microorean.
Iss feLza some staphy fococecr.

beta-lactamase  un enzyme that neutralizes the atiect ol an antibiotic con
tainmg beta-lactam,

BL-4  level of contaimiment required Tor safe handhing of the most conta
vious pathogenic microhes.

calicivirus o tunnly of smadl viruses: includes vesicular evanthem and
seal plagae viruses.

carbapenem o class of antibiotic,

cellutar immunity, cell-mediated immunity o Gpe of mmune response
i which subpopulations of T-celis thelper T-celis and kidler T-cellsy
cooperate to destroy ceiis i the body that bear forergn anticens. such as
hacteria.

cephalosporin a class of antibionic,

clopal o or pertating 1o o group of genetically wdentical organisms de
rived from o single parcat or o DNA popubittion derived from a single
DNA molecule by replication i o buctertal or cacaryotie host cell.

coagulase-negative  reters wo the mahility of an orzanism. partculaely sia-
phislococet. 1o produce wn cnzvme that, i concert with a blood plasata
cofactor, cataly zes the fomiation of tibrin from Libnnoegen,

coding sequence  the order ol nucteotide hases ininucleie acid that specitios
the production of a particular product. such as o protem. A change i
the coding sequence reg as woresult of & mutationy can result i o

chianece o the product.

DD L richoro-2.2-bisep-chloropheny hethane or chlorophenothane,
a pesticrde.

deletion mutation o mutation that resutts from the defetion of ane or
more aanno cids present m the genctic material of the <eanism under-
corng the mutation,

disease o used o bis repon refers tooa situation i which nlection bas
chorted sizns and symptoms in the imfected imdiv idud s the intection fas
become chimcally apparent,
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DNA deonyeibonucdeic acuds o carrier of genctic informanon te., heredi-
tary characteristios) tound chictly in the nucieus of cells.

DNA vires o vios that contuns ondy DNA o~ s genetic nuderial,

droplet nuclei  the very small particles of monsture eapelfed when a per-
son coughs, sneezes, or speaks that may transfer intectious organisins to
another person who inhales the droplets.

ELISA  cuzvme-Tinhed immunosorbent assay . An immunological technique
used for the gquantitation of antigen o antibody in o sample such as
blood plasma or serum. Iy the assayv, enzyme-labeled antigen or anti-
body s bound 1o a solid surface tsuch as beads. tubes. or microplate
wellv Atter addition of the sample and a subsirate. the prosence of
the desired antigen. antibody, or antgen-antibody  comples iy indi-
cated by a color change based on o reaction of the ensyime with the
subatraie.

endemic the condition in which a disease 1s present in a human commu-
nity at all tmes.

endogenous  developing or onginating from within the individual,

enzootic  refers to a discase (can be either fow or high morbidityy that s
cendemic inan animal community.

epidemic  the condition 1o which a discase spreads rapidly through a com-
munity i which that discase is normally not present or is present at a
fow fevel.

epizootic o discase of generally high morbidity that spreads vapidly through
an ainimal population,

escape mutant  refers to the formation of 4 mutation in a population of
microorganisms that allows the mutant organism o escape the immuane
response directed against it

etiologic agent  the organism that causes a discase.

etiology  the cause or origin of a discase.

fluoroguinolone o class of antibiotic,

genetic adaptability  the ability of a microorganism to adapt 1o ity envi-
ronment. often altowing 1t 1o avoid detechion or an immune response
generated agaimst it

genome  the complete genctic composition of an organism (c.g.. human,
bacterium, protozoan. helminth, or fungasy, contained in a chromosome
or set of chromosomes orin a DNA or RNA molecule (¢.g.. a virus),

gram-negative refers 1o the mability of 4 microorganism to aceept o cer-
tatn stain, This inabihity s related 1o the cetl wall composition of ke
microorganisn and has been uselul in classitying bacreria.

gram-positive refers to the ability of a microorganism to retain a certain
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stain. This ability is refated to the cell wall composition of the microor-
ganism and has been useful in classifving bacteria.

hemagglutinin 1 molecule. such as an antibody or lectin, that agglutinates
red blood cells.

hemorrhagic fever a group of diverse. severe epidemic viral infections of
worldwide distribution but occurring especially in tropical countries that
are usually transmitted to humans by arthropod bites or contact with
virus-infected rodents or monkeys and that share common clinicopathologic
features (e.g.. fever, hemorrhaging, shuck. thrombocytopenia, neurologi-
cal disturbancesy.  Examples are Argentine. Bolivian. and Vencsucelan
hemorrhagic fevers: chikungunya: Rift Valley fever: and Ebola aud Marburg
virus diseases.

HIV disease the broad spectrum of opportunistic infections and diseases
that eccur in an individual infected with the human immunodeticiency
virus.

humoral immunity antibody-mediated immunity: one of the mechanisms,
using antibodies tound 1n the blood and othe, body fluids. that the body
uses to fight oft infections,

hyperendemic the condition in which a disease is present in a community
at all times and with a high incidence.

iatrogenic any adverse condition. such as an infection, in an individual
occurring as the result of treatment by a physician,

immunocompromised a condition (caused. for example. by the adminis-
tration of immunosuppressive drugs or irradiation. malnutrition, aging.
or a condition such as cancer or HIV disease) in which an individual’s
iminune system is unable to respond adequately to a toreign substance.

immunosuppression the retardation or cessation ol an immune response
as a resnlt of, for example. anticancer drugs,

incidence as used in epidemiology, the number of new cases of a disease
that occur in a defined population within a specitied time period; the
rate of occurrence,

infection implies that an agent. such as a virus or bacterium. has taken up
residence in a host and is multiplying within that host—perhaps with no
outward signs of disease. Thus. it is possible to be infected with an
agent but not have the disease commonly associated with that agent
(although disease mav develop at a later time).

intramolecular recombination recombination that occurs within a single
molecule. as opposed to between two molecules.

larvicide a material used to kill farval forms of pests and disease vectors,
lentivirus a subfamily of the retroviruses.
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mechanical vector o vector, not essential 1o the Hie cycle of the agent,
that transmits an agent without itself becoming infected.

microbial traffic  the transter of existing microbes 10 new host popula-
tions.

monoclonal antibody mmunoglobuling derived from a single clone of
plasma cetls. Monoclonal antibodies constitute a pure population be-
cause they are produced by a single clone in vitro and are chemically
and structuratly identical.

mutation a transmissible change in the genetic material of an organism,
usually in a single pene.

neuraminidase siaiidase: an enzyme that catalyzes the hydrolysis of glu-
cosidic linkages between a sialic acid residue and a hexose or hexosamine
residue in glyeoproteins, glycolipids, and proteoglycans. Neuramini-
dase is a major antigen of myxoviruses,

nonsense mutation amutation in which one of the three terminator codons
(used to signal the end of a pelypeptide) in messenger RNA appears in
the middle of a genetic message. causing premature termination of tran-
scription. resulting in the production of generally nonfunctional polypeptides.

nosocomial infection hospital-acquired intection: an infection not present
or incubating prior to admittance to the hospital.

opportunistic infection an itection caused by an organism that ordi-
narily does not cause disease but under circumstance. such as impaired
immunity. becomes pathogenic.

organoleptic capable of reeetving a sense impression. Organoleptic inspec-
tions are based on sensory perceptions (e.g.. fish smells fresh or spotled).

pandemic an epidemic that occurs worldwide.

pathogen a microorganism ‘Yat causes discase.

pathogenic capable of cansing disease.

PCR sce polymerase chain reaction.

plasmid an extrachromosomal. self-replicating structure found in bacte-
rial cells that carries genes for a variety of functions not essential for
cell growth. Plasmids consist of eycelic double-stranded DNA molecules
that replicate independently of the chromosomes and can be transmitted
from one cell to another by conjugation or transduction.  Episomes are
genetic elements that can replicate in either of two alternative states
independently in the cytoplasm or as an integrated portion of the bacte-
rial chromosome.

point mutation a mutation resulting from a change in a single base patr in
the DNA molecule, resulting from the substitution of one nucleotide for
another.




278 GOSN ARY

polymerase cha'n reaction o Lboratorny method of amplifyine low levels
of specitic mivrobial DNA or RNA sequences.

polymorphic  appearing o ditferent forms,

presalence  as used o epidemiology, the totab namber of caves of a dis-
case i existence at o speeific time and within a well-detined arca: the
percentage of o population affected by o particular discase at @ given
tume,

provirus  the genome of a virns integrated into the chromosome of the
host celll Teas transmitred o all daughter cells,

quasispecies o mixture of distinet but closely retated viral genonmic that
enisis ina virus-infected individuat,

recombination the formation of new combinations of genes as i result of
crossing over (sharing of genes) between structurally similar chromo-
somes, resulting in progeny with ditterent gence combinations than in the
parents.

reservoir any person. animal, arthropod. plant, soil. or substance (or com-
bination of thesey in which an inlectious agent normally lives and multi-
phics. on which it depends primarily for survival. and in which it repro-
duces itselr in such manner that it can be transmitted o o susceptible
vector,

vetrovirus  any ol a large family of RNA viruses that includes lentiviruses
and oncoviruses. so called because they carry reverse transeriptase.

reverse transcriptase  RNA-directed DNA polvimerase: an enzame, such
as Is tound in the human immunodeficiency virus. that cataly zes the
reaction that uses RNA as a template tor double-stranded DNA synthe-
SIS,

RNA  ribonucleic acid.

RNA virus o virus that contains RNA as its genetic material.

selective pressure pressure exerted on an oarganism by its environment
that causes a change in the organism’s ability to cope with that environ-
ment,

septicemia, septicemic  systemic discase assoctated with the presence and
persistence of microorganisms in the blood.

seroconversion the change of a serologic test result from negative to positise
as a result of antibodies induced by the introduction of microorganisms
into the host.

serological  the use of immune serum in any of a number of tests (aggloti-
nation. precipitabion, enzyvme-tinked immunosorbent assayv. et} used to
measure the response (antibady titer) o infectious discase: the use of
serological reactions to detect antigen.
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seronegative  aceative result in i serological tese than s, the inabality
detect the antibodies or antigens being tested for.

seropositive  posttive result in o serological test

serotype  the characterization of 4 microorganism based on the kinds and
combinations of constituent antigens present in that organism: a4 tno-
nomie subdivision ot bacteria based on the above.

slow virus any virus causing a disease characterized by avers fong prechinical
course and @ very gradual progression of svmproms,

strain  a subgrouping of organisms within a species, characierized by some
particular quality.

sytndrome o set of symptoms that may occur concurrentdy.

tubercle baciltus  the bacterium that causes tuberculosis, Mycobacterinm
titherenlonis,

variolation  a procedure. not used today. in which maierial from the pus-
tule of an individual infected with smatipos evariola virusy was scratched
into the shin ot an intected person 1o induce immuniiy 1o the discase.

vector o carvier. especially an arthropod. that transters an infective agent
from one host twhich can imclude wself) 1o another.

vector-borne  transmitted from one host to another by a vector,

virulence  the degree of pathogenicity of an organism as evidenved by the

serverity of resubting disease and the organism’s abilits to invade the
host tissues.

rzoonosis o discase of animals transmissible 1o humans,
soonotic pool  the population of animals infected with nonhuman microbes
that present a potentiol threat of transmission 1o humans.




Acronyms and Abbreviations

AABB - American Association of Blood Banks

ACIP - Immunization Practices Advisory Committee

AFIP — Armed Forces Institute of Pathology

AIDS - acquired immunodeficiency syndrome

ARC — American Red Cross

ASM - American Society for Microbiology

ATLL - adult T-cell leukemia/lymphoma

AZT - azidothymidine

BCG ~ bacille Calmette-Guerin

BRDPI - Biomedical Research and Development Price Index
BSE — bovine spongiform encephalopathy

CDC -~ Centers for Disease Control

CEN - Community Epidemiology und Health Management Ne*work
CERTC - Clinical Epidemiology Research and Tramning Center
CEU - Clinical Epidemiology Unit

CIN -~ cervical intraepithelial neoplasia

CMYV — cytomegalovirus

CSF - cerebrospinal fluid

DBCP - t.2-dibromo-3-chloropropane

DDT - 1.1.1-trichloro-2.2-bis(p-chlorophenyl)ethane: chiorophenothane
DHEF/DSS - dengue hemorrhagic fever/dengue shock syndrome
DNA - deoxyribonucleic acid

DoD — Departinent of Defense

DOT - directly observed therapy

EIS - Epidemic Intefligence Service

EPA - Environmental Protection Agency
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FCCSET - Federal Coordinating Council for Science, Engineering, and Tech-
nology

FDA - Food and Drug Administration

FETP - Field Epidemioiogy Training Program

FIFRA - Federal Insecticide. Fungicide. and Rodenticide Act

FWS - U.S. Fish and Wildlife Scrvice

GMI - Gorgas Memoriatl Institute

GML - Gorgas Mcemorial Laboratory

HAM/TSP - HTLV-I-associated myelopathy/tropical spastic paraparesis

HBYV - hepatitis B virus

HFRS - hemorrhagic fever with renal syndrome

HIV — human immunodeficiency virus

HPV - human paptllomavirus

HSV — herpes simplex virus

HTLYV - human T-cell leukemia virus, human T-lymphotropic virus

IADB - InterAmerican Development Bank

ICAR - International Collaboration in AIDS Research

ICDDR. B - International Center for Diarrheal Disease Research. Bangladesh

ICIDR - International Collaboration in Infectious Disease Research

ICMRT -~ International Centers for Medical Research and Training

ICTDR - International Centers for Tropical Disease Research

IHPP - International Health Policy Program

INCIDR - Intramural NIAID Center for International Disease Research

INCLEN - International Clinical Epidemiology Network

IOM - Insiitute of Medicine

MAP - moditied atmosphere packaging

MARU - Middle America Research Unit

MDRTB - multidrug-resistant tuberculosis

MIC - minimum inhibitory concentration

MMR - measles-mumps-rubella (vaccine)

MRSA - methicillin-resistant Staphyvlococcus aureus

NAMRU - U.S. Navy Medical Research Unit

NCID - National Center for Infectious Diseases

NCVDG - National Cooperative Vaccine Development Group

NEB - National Epidemiology Boards

NETSS — National Electronic Telecommunications System for Surveillance

NHSC ~ National Health Service Corps

NIAID - National Institute of Allergy and Infectious Diseases

NIH - National Institutes of Health

NNDSS - National Notifiable Disease Surveillance System

NNISS - National Nosocomial Infections Surveillance System

PAHO - Pan American Health Organization

PCR - polymerase chain reaction
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PHS - U.S. Public Health Service

RFP - 1equest for proposal

RNA - ribonucleic acid

SIV — simian immunodeficiency virus

STD - sexually transmitted disease

TB - tuberculosis

TDR - WHO Special Programme for Rescarch and Training in Tropical
Discases

TDRU — Tropical Discase Research Unit

TMRC - Trapical Medicine Rescearch Center

USAID - U.S. Agency tor International Development

USAMRIID - U.S. Army Medical Research Institute of Infectious Diseases

USDA - U.S. Department of Agriculture

UTI - urinary tract infection

VDP - WHO Vaccine Development Programme

VRDB - Vaccine Reseich and Development Branch

WHO — World Health Organization

YARU - Yale Arbovirus Research Unit
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