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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 interventions are diagrammed in Figure 3-1.

Chapter 3 is divided into two sections. The first, on recognition, ad-
dresses domestic and international surveillance. The recommendations in
this section, if implemented, would strengthen U.S. surveillance activities
and cncourage efforts to develop a global infectious disease surveillance
network. The second section, on interventions, is divided into subsections
that address the U.S. public health system, research 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 to outbreaks of emerging
infections diseases.

RECOGNITION

The key to recognizing new or emerging infectious diseases, and to track-
ing the prevalence of more established infectious diseases, is surveillance.
Surveillance and rapid response to identified disease 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 discase, document the geographic and demographic spread of an out-
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break, estimate the magnitude of the problem, describe the natural history
of the disease, identify factors responsible for emergence, facilitatc labora-
tory and epidemiological research, and assess the success of specific inter-
vention efforts.

Unlortunately, there is insufficient awareness of and appreciation for the
value of comprehensive surveillance programs. Even among public health
personnel, involvement in surveillance activities is often limited to collect-
ing and transmitting disease-related data, a viewpoint that can mask the
objectives and significance of the overall effort. Some health care and pub-
lic health professionals are unfamiliar with surveillance methods, mainly
because the topic is covered inadequately in medical schools and even in
schools of public health (Thacker and Berkelman, 1988). The rcsult is in-
complete, underrepresentative, and untimely discasc rcporting. Poor sur-
veillance leaves policymakers and practitioners without a basis for develop-
ing and implementing policies for controlling the spread of infectious diseases.

Surveillance can take many forms, from complex international networks
involving sophisticated laboratory and cpidemiological investigations, to
small, community-based programs or a single astute clinician. Disease sur-
veillance often is a passive process that is bascd on individual health care
workers who report instances of unusual or particularly contagious human
illnesses, usvally to a government health agency. In other instanccs, more
formal surveillance can take place, in which public hcalth workers actively
seek out cases of disease and report their findings regularly 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 fac-
tors as population growth and migration, vector abundance, development
projects that disturb the environment, and natural environmental factors
(especially temperature and precipitation) is an essential component of sur-
veillance and can influence the spread of emerging infectious diseases and
the effectiveness of cfforts to control them.

Surveillance is important to any disease control effort; it is absolutely es-
sential if that effort’s goal is eradication. Without the information obtained
through discasc surveillance, it is not possible to know how and where disease
control efforts should be focused or to analyze the impact of ongoing efforts.
The smallpox eradication program, discussed below, is an excellent example
of the use of surveillance for case finding and program monitoring.

Surveillance in Action: The World Health
Organization’s Smallpox Eradication Program

An often overlooked but very significant contributor to the success of
global smallpox eradication was disease survcillance. 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 bifurcated
needle, The fact that humans were the only known reservoir for the small-
pox virus also simplified the task of eradication, since no insect vector or
nonhuman animal hosts were involved in disease transmission.

Smallpox is transmitted 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 10 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 fall 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 discase, and that individual's con-
tacts were similarly vaccinated.

Perhaps the most difficult part of the eradication cffort 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 werc 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 to cstablish
disease reporting systems in countries thal did not have them and to up-
grade the quality of reporting systems in countries that did. It was a formi-
dable task. In African countries and in Brazil, this was often done by as-
signing teams of two to four persons 10 an administrative area that en-
compassed a population of from 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.

These teams played a vital role in the development and success of the
reporting system. Not only did they discover unreported cases, but their
prompt response to 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 werc offered for reporting
cascs.

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 a “need to know,” were regularly supplied with surveillance reports.
The reports contained weekly tallies of cases from each reporling unit,
comments, and other items of interest, such as specimen collection
procedures or information about other smallpox programs.

In 1971, four years after the global campaign had begun, the number of
countries reporting smallpox cases had fallen from 44 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 smallpox.

LESSONS FROM THE SMALLPOX EXPERIENCE

Because every disease is different, in terms of how it is diagnosed, whom
it affects, and where it occurs, survcillance 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 from most other
situations in which surveillance plays a role. Neverthcless, 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 diseases.

One of the most fundamental is that a reduction in disease incidence is
the ultimate measure of success in diseasc control. In the case of smallpox,
for example, tallying the number of vaccinations performed in order to
gauge the campaign’s success would have been of little value becausc the
immune response to the vaccine was not the same for all who werc vacci-
nated. Not everyone to whom vaccine was administered was effectively
vaccinated in terms of protection from contracting smallpox.! 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 stratcgy. By focusing on disease incidence, it was
possible to identify the epidemiological factors responsible for cases of
discasc that occurred despite ongoing efforts to prevent them. Once these

!Failurcs might be attributed to substandard vaccine (prior to 1970, when all vaccine used in
the cradication program met international standards for potency and stability) or to poor (or
absent) host immune response, Many other vaccines are likely to be somewhat less effective
than smallpox vaccine (vaccinia); ncvertheless, they may be important and uscful tools for
disease control.
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factors had been identified, discasc control cfforts could be modified ac-
cordingly.

The importance of flexibility in surveillance activities was underscored
early in the eradication campaign. The initial strategy had been to conduct
mass vaccinations in every endemic country and at the same time improve
surveillance capabilities. It was felt that once 80 percent of a country’s
population was immunized, any remaining foci of infection could be rapidly
identified, contained, and eliminated.

Once the campaign was under way, however, it became clear that achieving
the 80 percent 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-
¢gy worked because smallpox infection is never silent, because it spreads
slowly compared with many other infectious diseases, and because vaccina-
tion could produce immunity within the incubation period [or the disease.

Current U.S.-Supported Surveillance Efforts

Current U.S, surveillance cfforts include both domestic and international
components. Although the domestic program, in which a number of federal
government agencies participate independently, is fairly comprehensive,
U.S. international surveillance activities at this time are fragmented and
inadequate to detect emerging infectious disease threats on a timely basis,

DowMesTiC EFFORTS

Surveillance of infectious diseases in the United States is a passive pro-
cess. It relies on physicians, hospitals, and other health care providers to
report cases to state and local organizations that are responsible for disease
surveillance. The Centers for Disease Control (CDC) works in cooperation
with the states in monitoring the domestic incidence of specific infectious
diseases (such as measles, mumps, rubella, pertussis, diphtheria, and hepati-
tis B). Each state has its own regulations regarding the reporting of specific
diseases. These “notifiable” discases may duplicate or expand on the list of
49 discases that are reportable to the CDC (see Table 3-1).

Notifiable Diseases Surveillance

The bulk of the federal reporting requirements are implemented through
the National Notifiable Discases Survcillance System (NNDSS), cstablished
in 1961. The list of nationally notifiable diseases is maintained and revised
as needed by the Council of State and Territorial Epidemiologists in col-
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TABLE 3-1 Diseases Currently Reportable to the Centers for
Disease Control

Acquired immunodeficiency syndrome Amebiasis

Anthrax Aseptic rueningitis
Botulism, food borne Botulism, infant

Botulism, wouad Botulism, unspeciticd
Bruccllosis Chancroid

Cholcra Congenital rubella syndrome
Diphtheria Encephalitis, post chickenpox
Encephalitis, post mumps Encephalitis, post other
Encephalitis, primary Gonorrhea

Granuloma inguinale Hansen discasc

Hepatitis A Hcpatitis B

Hepatitis, non-A, non-B Hepatitis, unspecified
Legionellosis Leptospirosis

Lyme disease Lymphogranuloma vencrcum
Malaria Measles

Meningococcal infections Mumps

Pertussis Plague

Poliomyelitis, paralytic Psittacosis

Rabies, animal Rabies, human

Rheumatic fever Rocky Mountain spotted fever
Rubella Salmoncltosis

Shigcllosis Syphilis, all stages

Syphilis, primary and sccondary Syphilis, congenital

Tetanus Toxic shock syndrome
Trichinosis Tuberculosis

Tularemia Typhoid fever

Yellow fever

SOURCE: Wharton et al., 1990.

laboration with the CDC. Reporting of diseases on the list 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 disease 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 Commonwecalth
of the Northern Mariana Islands, Since 1984, disease rcporting has been
accomplished through a computer-based telecommunications system, the
National Electronic Telecommunications System for Survcillance (NETSS).
The CDC analyzes the data and disseminates it in its Morbidity and
Mortality Weekly Report. As of June 1990, aggregate or case-specific data
for a total of 49 infectious diseases were being reported to the CDC by all
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U.S. states and territories. Individual states require reporting on more than
100 additional infectious discascs or infectious disease-related conditions
(Centers for Disease Control, 1991k).

Data on diseasc incidence obtained through the NNDSS are important
for public health decision making. Data supplied by private physicians and
laboratories, the points of contact within the health care system for indi-
viduals who become ill, are critical elements in this process. In those in-
stances in which a patient is diagnosed with a reportable disease, this infor-
mation is supposed Lo be transmitted to the local or state health department,
Unfortunately, this docs not always happen. Laboratories may not have
sufficient rcsources for reporting or may decide that reporting is unimpor-
tant. (Some states, however, require laboratories to report specific diseases.)
Some physicians may be unaware of the requirement to report the occur-
rence of a specific disease or may not appreciate the importance of such a
requirement.

Outbreaks of any disease that is not on CDC’s current list of notifiable
illnesses may go undetected altogether or may be detected only after an
outbreak is well under way. In fact, except for food-borne and waterborne
diseases, the United States has no comprehensive national system for de-
tecting outbreaks of infectious disease. Emerging infectious discases also
are not usually detected and reported through established surveillance ac-
tivities, Instead, private physicians who see small clusters of unusual cases
may report them in the medical literature. What is needed is a way to bring
these small clusters to the attention of the appropriate agencies in a timely
manner.

The committee recommends the development and implementation of
strategies that would strengthen state and federal efforts in U.S. sur-
veillance. Strategy development could be a function of the Centers for
Disease Control (CDC). Alternatively, the strategy development and co-
ordination functions could be 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-

2The FCCSET is a federally appointed body of experts that serve on seven standing commit-
tees and acl as a mechanism for coordinating science, engineering, technology, and related
activitics of the federal government that invelve more than onc agency. In addition te conduct-
ing cross-cutting analyses of programs and budgets, the various committees and their subcom-
mittees (interagency working groups) examine wide-ranging topics with the goal of reaching
consensus on fundamental assumptions and procedures that can guide the actions of the par-
ticipating agencies in achicving their mission objectives more effectively.
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cies (e.g., CDC, National Institutes of Health, U.S. Department of Agri-
culture). Approaches for consideration could include simplifying cur-
rent reporting forms and procedures, establishing a telephone hotline
by which physicians could report unusual syndromes, and using elec-
tronic patient data collected by insurance companies to assist in infec-
tious disease surveillance. '

The committee believes that an excellent example of appropriate coordi-
nation of surveillance (and other) activitics related to thc emergence of a
microbial thrcat to the U.S. population is the recent effort spearheaded by
the CDC. Recognizing the seriousness of the emerging multidrug-resistant
TB (MDRTB) epidemic, the CDC convened a federal task force in De-
cember 1991 at the request of James Mason, the Assistant Secretary for
Health. This cffort resulted in the National Action Plan to Combar Multidrug-
Resistant Tuberculosis (National MDR-TB Task Force, 1992). The plan
lays out a series of objectives, in the areas of epidemiology and surveil-
lance, laboratory diagnosis, patient management, screening and preventive
therapy, infection control, outbreak control, program evaluation, informa-
tion dissemination/training and cducation, and research. These objectives
are based on specific problems identified by the task force to meet these
objectives. The plan specifics a series of activities, responsible organiza-
tions, and time frames for implementation. The committee feels that a simi-
lar task force could be convened to implement the above recommendation,
as well as the one presented later in this chapter on U.S. international
cfforts in survceillance.

Nosocomial Infections Surveillance

A second major domestic disease surveillance effort is the National Noso-
comial Infections Surveillance System (NNISS), which gathers data from
approximately 120 scntinel hospitals. The NNISS is operated by the CDC’s
Hospital Infections Program (HIP); it is the nation’s only database devoted
to tracking nosocomial infections, which annually affect some 2 million
hospitalized patients. The system allows estimates to be made about the
incidence of nosocomial infections in the United States, and it provides data
that help to detect changes in patterns of incidence, distribution, antibiotic
drug resistance, sites of infection, outcomes of infection, and risk factors
for nosocomial infections.

Each year, the HIP receives more than 5,000 inquiries about nosocomial
infections, including a small number that involve the managcment of acute
outbreaks. In the past 10 years, HIP staff have investigated approximately
120 hospital outbreaks of infectious disease (Centers for Discase Control,
1991b).
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Hospitals must apply for membership in the NNISS, and their identity
remains confidential. Membership is approved based on adequacy of per-
sonnel support for infection control, availability of a computer compatible
with the NNISS software, and agreement of the hospital administration. The
system has several limitations. For example, it cannot correct for diffcr-
enccs among participating hospitals in diagnostic testing, intensity of sur-
veillance, and provisions for post discharge surveillance, The requircment
that NNISS member hospitals have at lcast 100 beds and the fact that a
relatively small sample of hospitals is included in the system are potential
sources of bias (Gaynes ct al., 1991). Even so, the NNISS is the only
national database for nosocomial infections, and it is a critical clement in
the CDC’s program to monitor disease incidence.

The system is still evolving. Current plans call for improvements in the
disscmination of NNISS data, the inclusion of a surveillance component for
immunosuppressed patients, and the addition of more sentinel hospitals,
among other efforts (Gaynes et al., 1991). These improvements should lead
to better detection of outbreaks and widespread trends in the emergence of
resistance among nosocomial pathogens. The limited participation of hospi-
tals in the NNISS, however, remains a problem; as a result, little improve-
ment will occur in nosocomial surveillance in the more than 6,000 hospitals
that arc not NNISS participants. Since hospital surveillance activitics arc
not income gencrating, there is little financial motivation for hospitals to
become involved. It is likely that accrediting agencies will have to mandate
greater full-timc-equivalents before the surveillance and control of these
pathogens will improve in the majority of hospitals.

The committee recommends 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
performed in NNISS member hospitals.
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Outbreak Surveillance

Since 1988, the CDC has participated with a number of states in a pilot
project to develop a system for computerized surveillance of outbreaks of
diseases that are not currently notifiable. For food-borne or waterborne
outbreaks, reporting is required when two or more cases occur; for other
outbreaks, the threshold for reporting is three cases. During a five-month
period in 1990, ninc participating states rcported 233 outbreaks involving
6,241 individual cases of disease (Centers for Disease Control, 1991k). This
initiative should also provide data to help identify factors that increase the
risks of outbreaks and make it easicr to assess the effcctiveness of
outbreak prevention and control measurcs.

Influenza Surveillance

To monitor influenza incidence and the prevalence of particular virus
strains in this country, the CDC, in addition to participating in the WHO’s
global influenza surveillance nctwork (see the later discussion), operates a
domestic influenza surveillance program. Data for the program come from
state and tcrritorial health departments, U.S.-bascd WHO collaborating
lIaboratories (scc Figure 3-2), 121 key U.S. cities, and “sentinel” U.S, physi-
cians. The cpidemiological information these sources gather is analyzed
and released to public health officials, physicians, the media, and the public.

Access to Surveillance Information

Considerable effort and resources are hcing expended on the various
surveillance activities in which U.S. government agencies and the private
scctor participate. Much of this information, however, is not rcadily acces-
sible. There is currently no single database from which a physician, re-
scarcher, health carc worker, public health official, or other intcrested party
can obtain information on disease incidence, antibiotic drug resistance, drug
and vaccine availability, or other topics that might be relcvant to infectious
disease surveillance, prevention, treatment, and control. The nced for such a
database is strong; given the current communications capabilities of per-
sonal computers and the rclative ease with which information on a multi-
tude of topics can be accessed, a database is not only technologically fea-
sible but could be a valuable addition to U.S. survcillance efforts.

The committec recommends 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.

INTERNATIONAL EFFORTS

U.S.-supported overseas infectious disease laboratories have played a
historic role in the discovery and monitoring of infectious diseases. The
United States and other nations first created these disease surveillance posts,
many of them in tropical and subtropical countries, in an effort to protect
the health of their citizens who were sent to settle or administer recently
acquired territory. During and after World War I1, there was a second blos-
soming of U.S. government-supported international discasc research and
surveillance activities. Several overseas laboratories staffed by Department
of Defense (DoD) personnel were established. The Middle America and
Pacific Research Units of the National Institutes of Health (NTH) were founded,
and later terminated. The Gorgas Memorial Laboratory, in Panama, was
until 1991, supported by the United States. Privately funded activilies, like
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,
largely as a result of shifts in program priorities. This trend is of concern to
the committee, particularly in view of the many important achievements of
the laboratories that have been closed. The loss of these facilities has left a
major gap in U.S. overseas infectious disease surveillance, research, and
training capabilities. Brief histories of some U.S.-supported overseas labo-
ratories, several of which no longer operate, appcar below. (See also the
section on research and training later in this chapter.) Table 3-2 is a list of
current U.S. government-supported overseas infectious disease laboratories.

Past Successes

The Gorgas Memorial 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 U.S, Government-
Supported Overseas Infectious Disease Laboratories

Department of Defense
Brazil
Egypt
Indonesia
Kenya
Peru
South Korca
Thailand
U.S. Public Health Service
National Institute of Allergy and Infectious Diseases (NTATD), National Tnstitutes of Health
International Centers for Tropical Disease Research
International Collaboration in Infectious Diseases Rescarch (ICIDR)
Brazil-—with Cornell University
Brazil—with Harvard University
Brazil—with University of Virginia
Brazil—with Vanderbilt University
Isracl—with Columbia University
Sudan~with Brigham Young University
Venezuela—with Albert Einstein College of Medicine
Tropical Medicine Research Centers (TMRC)
Colombia-—at Centro Internacional de Entrunamiento e Investigaciones
Medicas
Brazil—at Federal University of Bahia
Philippincs—at Rescarch Institute for Tropical Medicine
Intexnational Collaborations in AIDS Research (1CAR)
Brazil—with Cornell University
Malawi—with Johns Hopkins Universily
Mexico—with Harvard University
Scnegal-- -with Harvard University
Uganda—with Case Western Reserve University
Zaire—with Tufts University
Centers for Disease Control
Céte d’Ivoire
Guatcmala
Kenya
Sierra Leone
Thaitand
Zaire
U.S, Agency for International Development
International Center for Diarrheal Disease Rescarch—Bangladcesh
Ain Shams University—Egypt (administered by NIAID)
Hebrew University—Israel (administered by NIAID)
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throughout its cxistence funded directly by the U.S. Congress, although the
Panamanian government donated the facilities in which the laboratory was
housed. Named for General William C. Gorgas, a U.S. Army physician and
engineer credited with controlling malaria and yellow fever during con-
struction of the Panama Canal, the facility initially concentrated its research
etforts on malaria, leishmaniasis, and yellow fever. Later, in fruitful col-
laboration with the Middle America Research Unit, an NTH field station
(see below), the GML conducted studies of many arboviral infections indig-
enous to the American tropics. More recently, Gorgas scicntists became
known for their work on scxually transmitted diseases, human papilloma-
virus and cervical cancer, and hepatitis A.

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 competition (U.S. Medicine, 1991). The laboratory was un-
able to enter the compeltition for funding, mainly because of its difficulty in
retaining professional staff as a result of the political situation in Panama.
The GML managed to survive through fiscal year 1990, while attempts
were made to obtain funding through a cooperative U.S. Agency for Inter-
national Development-Pan American Health Organization (USAID-PAHO)
effort, or through the CDC. When these attempts failcd, the Gorgas Memo-
rial Institute relinquished the laboratory and its equipment to the Panama-
nian government and dismissed the staff. The Panamanian government has
maintained the laboratory with a small cadre of scientists who survey den-
gue and leishmaniasis, and it is attempting to obtain funding from other
sources to cxpand the laboratory’s activities,

U.S. Army Medical Research Unit—Malaysia TInvestigations into the effi-
cacy of chloramphenicol for the treatment and prophylaxis of scrub typhus
were initiated by American military scientists in Malaya in 1948, From the
time it was formally established five ycars later, the U.S. Army Mcdical
Rescarch Unit in Kuala Lumpur not only investigated diseases of impor-
tance to the U.S. military but also frcquently assisted the Malaysian govern-
mcent in the investigation of disease outbreaks of known and unknown ctiol-
ogy. Over more than four decades of scientific studies, the laboratory was
involved in research on scrub typhus, typhoid fever, leptospirosis, malaria,
and other tropical discases (Oaks et al., 1983), Much of what is known
about the vector of scrub typhus (the Leptotrombidium mite) was the result
of collaborative efforts between the U.S. Army Unit and the Institute for
Medical Research, Kuala Lumpur, in which the unit was housed (Ramanathan
et al., 1976). Despitc these achievements, this DoD laboratory, which had a
strong research rccord (particularly in the area of veclor-borne diseases),
was closed in 1989 because of lack of funding,.
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Rockefeller Foundation Virus Program The Rockefeller Foundation Virus
Program was established in 1951 to investigate arthropod-borne viruses of
vertebrates (Theiler and Downs, 1973). A number of foreign governments,
including India, Brazil, Trinidad, South Africa, Colombia, and Nigeria, joined
the effort. The program established a virus laboratory in each country in
collaboration with a local university or government health agency. The costs
of the research were split about equally between the foundation and the host
couatry.

The program, through its surveillance of febrile and hemorrhagic dis-
eases, was responsible for finding and characterizing scores of new infec-
tious agents. In Belem, Brazil, for instance, more than 50 new tropical
viruses were discovered, including eight in Groups C and Guama that were
responsible for debilitating, nonfatal jungle fevers common in those living
in the Amazon region. Kyasanur Forest disease was discovered at the Rocke-
feller laboratory in Puna, India. Crimean hemorrhagic fever in the former
Union of Soviet Socialist Republics and Congo disease in East Africa were
linked through studies by the Rockefeller arbovirus reference unit at Yale
University (YARU). Several viruses related to rabies were discovered in
Africa. Program scientists also searched for viruses in healthy wild animals
and arthropods, an innovative approach to disease surveillance that identi-
fied a number of agents, such as the Oropouche virus in Trinidad and Brazil
(Theiler and Downs, 1973). Oropouchce virus in latcr ycars causcd scvcral
major tropical epidemics (Pinheiro et al., 1981).

One 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-
sion nurse who had been air-evacuated from Africa (Buckley and Casals,
1970). 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 funding for the virus program in
1971, based on a policy decision of its board of trustees. During its two
decades of operation, the program was an outstanding catalyst for interna-
tional surveillance and research. YARU continues with support from the
NIH, DoD, and WHO. Host country governments and international agencies
assumed financial support for each of the field laboratories when Rockefeller
withdrew its support. In most countries, these laboratories are now central
national resources for disease surveillance and infectious disease research
(R. Shope, Director, YARU, personal communication, 1992).

National Institutes of Health In 1958, the NIH established the Middle
America Research Unit (MARU) to study tropical infectious diseases, espe-
cially those of viral origin, in the U.S. Canal Zone, (A component of this
effort was the U.S Army Medical Research Unit—Panama, which was charged
with research on histoplasmosis and other fungal diseases of military im-
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portance.) Some of the MARU field studies were collaborations with the
Gorgas Memorial Laboratory. MARU researchers conducted definitive studies
on Bolivian hemorrhagic fever, Venezuelan equine encephalitis in Central
America, and several viral infections that are transmitted by tropical
sandflies. In the mid-1970s, as a harbinger of decreasing U.S. government
commitment to international health research, MARU left the NIH to become
part of the Gorgas Laboratory.

In 1960, the National Institute of Allergy and Infectious 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. ICMRT grants resulted in broadly productive research pro-
grams that studied a wide variety of infectious and noninfectious diseases.
In 1979, as part of an overall plan to scale back its involvement in research
training activities, the NIAID discontinued the ICMRT program.

Loss of Capacity

The establishment of a new laboratory (particularly on foreign soil), its
staffing, and the development of a reputation for carefully conducted, rigor-
ous scientific work are tasks that cannot be accomplished overnight. It is
unfortunate that the U.S.-supported overseas laboratories 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-
eases and their causative agents. A further loss is thc many opportunities
thcy provided for U.S. scientists to develop overseas field experience and to
collaborate with foreign scientists and institutions, Lhereby acquiring infec-
tious disease surveillance information of importance to U.S. monitoring
activities.

Current Efforts

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

« The NIAID’s International Centers for Tropical Disease Research
(ICTDR) program. Established as a means to provide morc cohesion to
existing and newly initiated programs in tropical infectious disease research,
the ICTDR program laboratories, because of their geographic distribution
(see Table 3-2 above), are well situated to conduct surveillance for new and
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emerging diseases. (This program and its subordinate elements are
discussed in more detail in the research and training section later in this
chapter.)

¢ The CDC’s participation in the WHO global inlluenza surveillance
nctwork. Information obtained through the network allows the CDC to pre-
dict the potential impact of influenza on the United States in any given
year. This information is crucial for influenza vaccine manufacturers, who
nced a minimum of six months’ lead time o prepare and distribute adequate
quantities of ncw vaccine.

As part of its intcrnational elforts, the CDC produces and sends (free of
charge) WHO influcnza virus detection and identification kits to 117 for-
eign national WHO collaborating laboratories and to 68 U.S. collaborating
laboratories. These laboratories collect and identify influenza virus isolates
and forward information about their findings, as well as actual virus samples,
to the CDC on a weekly basis. The CDC also receives influenza virus
isolates and information from about 50 foreign laboratories, provides the
WHO with information collected from U.S. collaborating laboratorijes, and
receives weekly reports from the WHO on the level of influenza activity in
the other reporting countries.

Laboratories and research groups in several key areas of the world, such
as the People’s Republic of China, Hong Kong, Singapore, and the Pacific
Basin, the areas in which most new strains originate, are also in regular
contact with the CDC. Recently, the global influenza surveillance system
improved its coverage of the Far East. In cooperation with the Chincse
National Influenza Center in Beijing, the CDC has supported a national
surveillance network in the People’s Republic of China. This network has
greatly increased the number and timeliness of influenza isolates that are
available for analysis at the CDC from that country.

« The CDC’s foreign field stations. Similar to the previously mentioned
NIAID ICTDR program, the CDC overseas affiliates (see Table 3-2 above)
provide passive surveillance information and expertise that is available to
the host country for assistance in investigating outbreaks.

» Rockefeller Foundation’s International Clinical Epidemiology Network.
The network trains physicians from other nations in medical epidemiology,
including infectious disease epidemiology. Through these efforts, a continu-
ing intcraction with U.S. universitics is fostered, and collaborative activities
aimed at infectious disease surveillance and response to emerging diseases
are possible, (This program is discussed in greater detail in the research and
training section later in this chapter.)

¢ USAID-supported International Center for Diarrheal Discase Research,
Bangladesh (ICDDR,B). Of almost equal importance to its contribulions in
cholera epidemiology and treatment have been the pioneering efforts of this
laboratory in the surveillance of diarrheal diseases throughout the Asian
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region. (This program is discusscd in greater detail in the research and
training section latcr in this chapter.)

* USAID’s Program in Worldwide Control of Sexually Transmitted Dis-
eascs (STD)/HIV. This is a single-source contract to Family Health Interna-
tional, a non-profit organization committed to family planning; contracep-
tive safety, acceptability, effectiveness, and case of use; maternal and child
health; interventions to reduce the transmission of STDs; and other related
1SSUCSs.

Although the CDC appears to have a mandate for U.S. discase surveil-
lance, other government agencies (e.g., the NIAID, U.S, Dcpartment of
Agriculture [USDAY, DoD, and USAID), private foundations, and universi-
ties may also indcpendently play major or minor roles. Currently, there is
litile coordination among these agencics and organizations rcgarding infec-
tious disease surveillance. The commitlee concludes that the effectiveness
of their survcillance activities, particularly those pertaining to recognition
of and response to emerging microbial threats, could be greatly improved
by designating a central focus for such efforts.

The committee recommends that international infectious disease sur-
veillance activities of U.S. government agencies be coordinated by the
Centers for Disease Control (CDC). To provide the necessary link be-
tween U.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 survcillance, 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).

Multilateral International Surveillance Efforts

The coordination efforts of multilateral international organizations, such
as the WHO, are critical to infectious disease surveillance. Without these
organizations, programs such as the successful worldwide eradication of
smallpox and the interruption of polio transmission in the Americas would
be little more than dreams. Any implementation of a global surveillance
system for emerging infectious discascs 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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WoRLD HEALTH ORGANIZATION

The WHO is a focal point for surveillance data on global infectious
diseases. Under the International Health Regulations, all countries (except
Australia, Papua New Guinea, North Korea, and South Africa) must report
to the WHO within 24 hours all cases of cholera, plague, and yellow fever
(or any isolation of yellow fever virus from monkeys or mosquitoes). This
information is published in the WHO’s Weekly Epidemiological Record.
Despite the requirement to do so, however, some countries are reluctant to
release surveillance data. As a result, some outbreaks of these diseases are
never discovered or are discovered only retrospectively after they have
subsided.

The WHO also operates a number of networks, composed of selected
laboratories worldwide (collaborating centers), that report and investigate
outbreaks of specific diseases, such as influenza and H1V discase. The in-
fluenza surveillance network is designed to monitor newly emerging strains
and subtypes of influenza virus. As noted earlier, the information it collects
is used to determine the antigenic makeup of each year's influenza vaccines.

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

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

The WHO often is involved in early investigative efforts 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 clinical and serological epidemiology; the banks
contained thousands of well-documented serum samples from many areas of
the world. The collections were located in the Department of Epidemiology
and Public Health at Yalc University; the Institute of Epidemiology and
Microbiology, Prague, Czechoslovakia; the National Institute of Health, Tokyo,
Japan; and the South African Institute for Medical Research, Johannesburg.
The sera in these collections were useful for retrospective studies of spe-
cific disease agents. For example, using serum collected in Barbados, inves-
tigators were able to estimate vaccine coverage for childhood diseases and,
recently, to document HTLV-I antibody. The WHO withdrew its support for
these efforts in 1989, however, and in 1990, most of the sera from the Yale
collection were transferred to the National Cancer Institute. The overseas
serum banks apparently are receiving minimal support from their govern-
ments. Without the funding and coordination provided by an international
organization likc the WHO, it is doubtful whether thc seram banks will
continue to be maintained. Expansion of these collections at this time is
uncertain at best (A. Evans, Professor of Epidemiology and Past Director,
WHO Serum Reference Bank, Department of Epidemiology and Public Health,
Yale University, personal communication, 1992),

PAN AMERICAN HEALTH ORGANIZATION

In 1985, PAHO proposed a program to interrupt the transmission of
poliomyelitis in the Americas by 1990. 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-
paigns with oral polio vaccine, transmission appeared to be confined to only
one country in the entire Western Hemisphere, Peru (De Quadros et al.,
1991). In 1991, only eight isolates of wild poliovirus were detected in the
Americas: six in 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 years earlier, surveillance
has played a critical role in the PAHO polio eradication strategy. From the
outset of the PAHO effort in Scptcmber 1985, surveillance was a major
component of the program. A number of important indicators were monitored
by health facilities, including the proportion of sitcs reporting each week,
the interval between diagnosis and the start of control measures, and the
follow-up of cases (De Quadros et al.,, 1991). Reporting of cases of acute
flaccid paralysis (including negative reports) was required in all countries, and
by the end of 1991, there were nearly 20,000 hcalth units involved in the
reporting system, with approximately 80 percent of them reporting every week.

A cadre of epidemiologists was trained to do case investigation and
follow-up to collect stool specimens and institute control measures. Eight




Erqerging Infections: Microbial Threats to Health in the United States (1992)
http://www.nap.edu/openbook/03090474 12/html/4 34.html, copyright 1992, 2000 The Nationat Academy of Sciences, all rights res

134 EMERGING INFECTIONS

diagnostic laboratories werc identified and their personncl trained to con-
duct DNA-probe and polymerase chain rcaction (PCR) assays for poliovirus
identification and characterization. Between 1989 and 1991, a yearly aver-
age of 4,000 stool specimens were tested in this laboratory network.
Twenty-four, 18, and 8 wild poliovirus isolates were identified in 1989,
1990, and 1991, respectively. This survcillance and laboratory network is
being expanded to include onc or two other vaccine-preventable diseases.
The network has alrcady proved to be of great assistance in the detection
and follow-up of the cholera cpidemic that recently struck the Western
Hemisphere.

The Concept of Global Surveillance

Currcnt U.S. and worldwide surveillance efforts are uscful for detecting
known infectious and noninfectious diseases. They fall short, however, in
their ability to detect the emergence of infectious diseases. Although there
are isolated examples of how such a system could work, there has been no
effort to develop and implcment a global program of survcillance for emerg-
ing diseases or disease agents (including agents with newly acquired drug
resistance). Current surveillance efforts (even when adequate in specitic
areas for specific diseases) are not effectively linked; consequently, knowl-
edge of small clusters of emerging discases, even if detected, is not widely
disseminated. Added to these factors is declining interest in studying, treat-
ing, and preventing infectious diseascs as increasing attention has focused
on chronic degenerative diseases.

To be effective, any global infectious disease surveillance network must
be intcractive and reciprocal. It is cspecially important that U.S.-funded
laboratories engaged in infectious disease surveillance in foreign countries
operate in partnership with host-country facilities. Developing countries,
for their part, contribute surveillance data, but they must also be provided
with a base of training and expertise, as wcll as with upgraded local surveil-
lance, data acquisition, and analysis capabilities. The partnerships of U.S.
and local facilities can work toward eliminating deficiencies in these arcas.
Global surveillance thus involves providing not only case numbers but the
knowledge, skills, and tools necessary to improve discase surveillance and
response within and among countries and regions. Such an effort, of neces-
sity, will be multinational and will require regional and global coordination,
advice, and resources from participating nations. These activities would not
only benefit each participating country but, in the opinion of the committee,
constitute the most economical means by far for developing and supporting
a global surveillance network.

One of the biggest potential barriers to the implementation of a global
surveillance network is the transfer of information from and to rcmote sites
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in many developing countries that have inadequate telecommunications ca-
pabilities. A new satellite technology is currently being tested that may help
resolve this dilemma. The systcm uses a low-level communications satellite
that has two-way communications with remotc ground stations (cach cost-
ing approximately $5,000). The requisite satellite, which is now in orbit,
passes over cvery point on the globe at least twice each day. On each pass,
it accepts information passed to it from files stored in a remotc station’s
computer. The satellite stores the received information and then transfers it
1o the appropriate station on its next pass.

The system offers researchers and physicians in the developing world a
simpler and lcss costly alternative for communicating with their peers and
accessing information (e.g., scientific and medical journals). Tests of the
system are ongoing in several East African sites, and licenses for additional
testing sites are pending. Evcntually, additional satellites will be placed in
orbit to augment the system and provide more opportunities for data trans-
fer each day (Pool, 1991; Clements, 1992). This technology may allow the
earlier inclusion of many remote areas in a global infectious disease sur-
veillance network.

A surveillance network must do more than detect cases of disease, Tt
must also collect data on thosc cases, analyze them in some uscful fashion,
and disseminate the findings of the analyses to people who can use the
information. Surveillance alone, however, is insufficient to address emerg-
ing infectious diseases adequately. A responsc mechanism is nccessary as
well. Thus, the committee believes that a global surveillance network for
detecting cmerging microbial threats should have four basic components:

1. a mechanism, based on clinical prescniation, for detecting clusters of
new or unusual diseases or syndromes (sce Box 3-1);

2. laboratories capable of identifying and characterizing infectious agents;

3. an information system to record and analyze reportable occurrences
and to disseminate summary data; and

4. a response mechanism to provide feedback to reporting agencics and
individuals and, if nccessary, to mobilize investigative and control cfforts
of local and international agencies.

Specific clements of a global infectious disease surveillance system are
as follows:

+ sustainability through continuity of funding;

* locally staffed surveillance centers to promote regional self-reliance
and train {ocal personnel;

» a rescarch component with links to academic centers and other re-
gional facilities involved in basic research;
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BOX 3-1 Clinical Circumstances That Require
High-Priority Surveillance Efforts

= Acute respiratory disease

* Encephalitis and aseptic meningitis

¢+ Hemorrbagic fever

* Acute diarrhca

+ Febrile exanthems

+ Other discases with unusual clinical syndromes
* Unusual clusterings of disease or death

* Resistance (o common treatment drugs

¢ a network of laboratories/diagnostic facilities with people trained to
examine specimens, identify isolates, search for clinical syndromes, prepare
and distribute reagents, and develop physical and molecular markers for
identification (these facilities should have discretionary capability to re-
spond appropriately to emerging discases by, for example, identifying caus-
ative agents and notifying appropriatc national health authorities);

+ full clinical documentation of unsolved cases, with a system for
archiving sera and pathological specimens;

+ a clinical arm for hospital-based surveillance and drug and vaccine
trials;

* a targeted disease approach with broad reporting criteria for maxi-
mum retrieval of data (e.g., “diseasc targeted: polio; reporting criterion:
acute flaccid paralysis™);

» an effective specimen colleciion and transport system; and

* an active system of data analysis and dissemination, with feedback to
those providing data.

The WHO's global influenza surveillance network and its collaborating
centers for specific diseases, PAHO’s polio eradication program, and previ-
ous efforts such as the WHO’s smallpox eradication program and the Rocke-
feller Foundation’s virus program, although all limited in scope, are never-
theless useful models to consider in the design of a global infectious diseasc
surveillance system. The strengths and weaknesses of each component of
these past and current programs should be carefully cvaluated,

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 infrastructure of a
successful program can in some cases be continued and put to use in the
cause of monitoring other diseases. The smallpox eradication surveillance
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network is a good examplc. With appropriate planning and support, that
network might have been shifted to surveillance for other discases and now
be useful as a basis for a global infectious disease surveillance system.

The committee recommends that the United States take the lead in pro-
moting the development and implementation of a comprehensive global
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
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 giobal
coordination, advice, and resources from participating nations,

INTERVENTION

The response to an emerging infectious agent or disease nccessitates
coordinated efforts by various individuals, organizations, and industries.
The committee believes that the current U.S. capability for responding to
microbial threats to health lacks organization and resources. This section
addresses these deficiencies. It begins by discussing elements of response
that actually precede intervention (the U.S. public health system and the
research and training infrastructure), and it concludes with a discussion of
and recommendations for specific interventions (in vaccine and drug devel-
opment, vector confrol, and public education and behavioral change).

The U.S. Public Health System

Disease assessment, which includes the early recognition of emerging
microbial threats, is the foundation on which knowledgeable public health
policy decisions are based. 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 departments. At the
federal level, the national focus for disease assessment is the CDC.

A 1988 Institute of Medicine (IOM) report, The Future of Public Health,
described the U.S. public health system as being in a state of disarray,
which resulted in “a hodgepodge of fractionated interests and programs,
organizational turmoil among new agencies, and well-intended but unbal-
anced appropriations—without coherent direction by well-qualified profes-
sionals.” The report also cited several other problems.

» Many state and local facilities lack the capability for assessing health
status.
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» Policy at all levels often develops as a result of immediate and press-
ing necds rather than from analysis of cavefully collected data,

* Unequal access to public health services means that certain popula-
tions, such as the poor, receive inadequate medical care.

* Public health leadership, particularly at the state and local levels, suf-
fers from inadequate technical knowledge and rapid turnover, among other
things.

It is the perception of this comittee that there has been little positive
change in the state of U.S. public health since the release of the 1988 IOM
report. As partial evidence for this statement, the recent rapid increase in
measles incidence (which is now beginning to subside) and the current
upswing in cases of tuberculosis (TB) (including multidrug-resistant dis-
casc) can be offered. These emerging discase problems are fargely the result
of complacency—a misguided perception that the advanced U.S. health
care system with its array of medical technologies is able to disarm almost
any infectious disease.

In the case of measles, successful vaccination programs had diminished
disease incidence to such a degrec that the public, health carc professionals,
and public health organizations reduced their levels of vigilance and effort,
The result was a resurgence in the disease that only last year reached a
peak. Parlly as a responsc, Congress appropriated an additional $40 million
in 1992 (a 19 percent increase over 1991) to support the CDC immunization
program. The money was targeted at children under the age of two living in
communities in need, such as inner citics (National Foundation for Infcc-
tious Diseases, 1991).

As discussed earlier, the declines in incidence of TB since the carly
1950s led to a belief held by many public health ofTicials, beginning in the
early 1980s, that the disease no longer posed a significant health problem.
Research efforts waned, and in 1986, the CDC’s surveillance program for
tracking TB drug resistance irends was terminated. Increases in homelessness,
poverty, substance abuse, HIV infection, and active TB among immigrants
have now contributed to a resurgence in TB cases (Fox, 1992), which has
been further complicated by outbreaks of multidrug-resistant TB (MDRTB)
and poor availability or unavailability of some antituberculosis drugs. As
recently as 1989, the Department of Health and Human Services developed
a national plan to eliminate TB as a hcalth problem in the United States,
and at that time, the prospects appeared excellent for success, The plan was
not implemented, however, because of both insufficient resources and a
lack of conviction regarding the plan’s effectivencss.

An aggressive response to the current TB/MDRTB crisis is now being
pursued. A national coalition of more than 40 patient and provider organi-
zations has been formed to address TB elimination issues (U.S. Department
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of Health and Human Services, 1992). Senior NTH and CDC officials are
devoting more attention to the disease, in the form of research and public
education. In April 1992, the Food and Drug Administration (FDA) ar-
ranged for a limited supply of streptomycin and para-aminosalicylic acid
manufactured outside the United States to be available through the CDC
under an investigational new drug agreement (Centers for Disease Control,
1992a). The FDA has also recently identified U.S. pharmaceutical compa-
nies that have agreed to manufacture these drugs and make them commer-
cially available by late 1992 (Centers for Disease Control, 1992a). In addi-
tion, the FDA has promised to expedite the review process for TB-related
products (Fox, 1992). Most rccently, the CDC published a National Action
Plan to Combat Multidrug-Resistant Tuberculosis. The plan lays out a se-
ries of specific activities (with organizational responsibility and time frames
for action) that address ninc objectives identified by the federal task force
(National MDR-TB Task Force, 1992).

These responses, like 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. It is the committee’s view that preven-
tion of infectious diseases must be continually stressed if the U.S. public
health system is to be maintained or, preferably, improved. Efforts directed
at the recognition of and responses to emerging public health problems,
particularly emerging infectious diseases, would help to achieve this goal.
The country’s recent episodes of measles and TB resurgence should rein-
force the importance of upgrading and maintaining the U.S. public health
system at all levels. Experience has taught that, in the long run, preventive
action is generally more cost-effective 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 years to provide clean water and adequatc sanitation to
the people of Peru, it is likely that the epidemic would not have progressed
to its current state (Misch, 1991). Other examples of cost effectivencss
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 (measles, mumps, and rubella) (Hinman et al., 1985). It
has been estimated that, in 1967, global cxpenditures on smallpox annually
were $1.35 billion. The 13-year (1967-1979) global smallpox eradication
campaign totaled $299 million ($23 million per year), almost a 60-fold
annual savings (Fenner et al., 1988).

Microbial disease assessment is a shared function. State and local health
departments; the CDC; health care providers; private laboratories; schools
of medicine, public health, and velerinary mcdicine; the FDA; the U.S.
Department of Agriculture (USDA); and the NIH all contribute. The exist-
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ing system for assessing microbial threats in the United States is based on a
myriad of laws, practices, organizational structures, and shared responsibili-
ties. Assessment capabilities, resources, and levels of commitment vary widely
among the participants.

The nation’s capacity for assessing microbial threats could be improved
by strengthening the public health infrastructure to carry out assigned func-
tions of disease assessment, policy development, and assurance of health
with respect to microbial threats. Improving cooperation through the forma-
tion of consortia of schools of medicine, public health, and veterinary medi-
cine, and departments of public health might also be an effective strategy,
as would the availability of emergency funds to investigate, conduct re-
search and surveillance on, and control major new or reemerging infectious
diseases.

The quality of infectious disease surveillance varies according to the
quality of discasc reporting required by states from health care providers.
Alert and capable clinical and, especially, laboratory staff are also crucial.
In addition to surveillance, effective assessment of microbial threats re-
quires epidemiological and laboratory research, and investigative capabili-
ties at all levels of the health infrastructure. Without each of these, a public
health system has little chance of succeeding.

The current U.S. economic climate has done little to help public health
initiatives, which for years have lacked sufficient resources. Declining bud-
gets have forced many local and state organizations to cut back on public
health programs. Without strong local and state programs, the ability of
federal agencies to promote the public health is greatly diminished. Dimin-
ishing resources have particularly threatened the state laboratories, which
early in this century were major contributors to public health microbiology.
The holes in the fabric of diagnostic, investigative, and reseurch capabilities
created by the dwindling activities of state laboratories are seldom repaired.

There is some indication that the United States’ weakened public health
infrastructurc has become a concern to policymakers. Recently, the U.S.
Public Health Service (PHS) published a plan designed to strengthen the
U.S. public health infrastructure (Assistant Secretary for Health’s Public
Health Service Task Force to Strengthen Public Health in the United States,
1991). This document apparently comes as a response to The Future of
Public Health (Institute of Medicine, 1988) and the national prevention
objectives set out in Healthy People 2000 (U.S. Department of Health and
Human Services, 1990) and Healthy Communities 2000 (American Public
Health Association et al., 1991). The proposed PHS plan lays out strategies
to improve surveillance, epidemiology, and communication, the three key
areas identified in the 1988 IOM report, In reviewing these strategies, the
committee found that a number of them were particularly applicable to
emerging disease issues (sec Box 3-2); moreover, if implemented, these
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BOX 3-2 Extracts from Plan to Strengthen U.S. Public Health

Assessment strategy 1: Developing health information and health informa-
tion systems that are useful to legislative and executive governmental bod-
ics at the Federal, State, and local levels, and to other groups and organiza-
nons.

» CDC: Establish 10 regional centers for prevention and control of nosocomial
infection linking abow a thousand hospitals in a national surveillance net-
work.

* CDC: Establish a county sentinel survcillance system for foodborne
diseases.

* CDC: Establish mechanisms to collect the data through surveys and
public health survcillance systems, and analyze and link data from existing
data sets.

Assessment strategy 3: Building the capacity of States and local health
departments and other rclevant organizations to use health information sys-
tems to prevent discase, 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 bchavioral scicntists.

« CDC: Develop State and local expertise, through training and person-
ncl devclopment, and provide assistance for the conduct of epidemiologi-
cal investigations and studies designed to assess the health status of subject
populations.

Policy development strategy 2: Developing strategies and programs to re-
alize the goals.

* NIH: Support research to develop or improve vaccincs against organ-
isms causing such diseases as diarrhca (rotavirus), pertussis, influenza, and
HIV infection and against cancer causing viruses.

Assurance strategy 1: Developing and maintaining the capacity of public
health agencies at the State and local levels, and other organizations, to
plan, implement, and assurc the quality of the services that they provide or
need to provide.

» FDA: Take a proactive approach to ease the entry of biotechnology-
based products into the marketplace by facilitating aund maintaining contact
with manufacturers from the initial devclopment stage of the approval pro-
cess.

s CDC: Develop training programs for incorporating state-of-the-art in-
formation and techniques into prevention and control programs for infec-
tious diseases.

continued on next page
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Assurance strategy 3: Helping to ensure an adequatc supply of appropri-
atcly trained health personnel.

» NIH: Develop an active intramural training and cducation program for
scientists and assist in placing trainees in academic institutions and health
departments throughout the nation.

« NIH: Support the PHS Epidemiology Fellowship Program to increase
the number of biomedical epidemiologists and attract them to PHS.

« CDC; Establish a training program 1o assure the deveclopment of a
system to provide State and local health department personnel with state-
of-the-art skills in diagnostic evaluation and testing for infectious discases.

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

L

stratcgies will, in part, respond to recommendations made in this report.
Consequently, the committee supports the implementation of these strate-
gies (Assistant Secretary for Health’s Public Health Service Task Force to
Strengthen Public Health in the United States, 1991).

Research and Training

Many of the factors that are responsible for, or that contribute to, emer-
gence of infectious diseases are now known. However, our understanding of
these factors and of how they interact is incomplete. We are a considerable
way from being able to develop strategies to anticipate the emergence of
infectious diseases and prevent them from becoming significant threats to
health. Nevertheless, the committce sees the development of such strategies
as a desirable long-term goal and concludes that research to achieve it
should be strongly encouraged. Research of this kind will often be interdis-
ciplinary in nature 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
consequences of development projects. Basic research in support of this
goal should also be encouraged.

Because emerging microbes are not Jimited by geographic boundaries,
research focusing on emerging infectious diseases must involve scientists
worldwide. Although this report focuses on U.S. public health, the impor-
tance of international rescarch links and collaborations must not be forgot-
ten. Furthermore, the success of global surveillance for these microbes de-
pends in part on an infrastructure that includes viable research programs in
nations on all continents. The United States could take a leading role, through
the WHO, to develop a program of international infectious disease research
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and to enlist the participation of other nations 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 thc
WHO: Special Programme for Research and Training in Tropical Diseases
(TDR) and the Vaccine Development Programme (VDP). The TDR encom-
passes research on selected parasitic diseases and leprosy. The VDP sup-
ports research on vaccine development using molecular approaches. The
international aspect of these efforts is onc of their most prominent features.
The funding is multinational, the review steering committees are composed
of scientists from many countries, and scientists from any United Nations
member nation may compete for funding under either program. These ef-
forts may be useful models for a global infectious disease research program.

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

1. Every effort should be made to continue and expand basic research on
microbial pathogenesis. These studies, using state-of-the-art techniques, should
provide a dctailed knowledge of how microbes cause infection and disease.

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

3. Identify, through basic research on infectious agents, new molecular
targets amenablc for drug design, 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 subsc-
quent use in clinical studies,

5. Fundamental studics should be aimed at providing ideal vaccines that
would be entircly safe and would be as effective as current vaccines that are
composed of infectious microbes.

6. Increase the research focus on prevention of infection.

7. Promote multifaceted approaches to disease control that cut across
different disciplines.

8. Increase the research focus on insect and tick vectors of disease.

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

11. There should be an increase in the support for international research
units studying infectious disease outside the United States.

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 infectious diseases. Previous reports from the National Research
Council and the IOM, for example, have stressed that there are shortages of
several kinds of crucial personnel: medical entomologists (National Re-
search Council, 1983); clinical specialists trained in tropical disease diagno-
sis, prevention, and control; biomedical researchers (National Research
Council and Institute of Medicine, 1987); and public health specialists (In-
stitute of Medicine, 1988).

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

Recently, much infectious disease research has shifted toward an ap-
proach primarily based on molecular biology, a discipline that the commit-
tee believes is critical to the prevention and control of infectious diseases 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 disease problems. Therefore, the committee urges that
future training in molecular biology be integrated with training in clinical
infectious diseases, epidemiology, medical microbiology, entomology, tropical
medicine, and public health,

There are a number of programs managed and supported by U.S. govern-
ment agencies and U.S.-based foundations that conduct research related to,
and train people in, the recognition, epidemiology, prevention, and control
of emerging microbial threats. In addition to those programs that are dis-
cussed below, several others should be noted, all of which support interna-
tional research and capacity building in epidemiology, health policy, and
management. These include the National Epidemiology Boards (NEB),
sponsored by the Rockfeller Foundation; the Community Epidemiology and
Health Management Network (CEN), sponsored by the Ford Foundation;
and the International Health Policy Program (1HPP), sponsored by the Pew
Trusts and the Carnegie Foundation (Commission on Health Research for
Development, 1990). Whether they involve U.S. or foreign scientists, have
a broad or narrow focus, all of these programs contribute in some way to
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the international capability to recognize and respond to emerging microbial
threats to health.

THE ROCKEFELLER FOUNDATION

In 1980, the Rockefeller Foundation established the International Clini-
cal Epidemiology Network (INCLEN) to train junior medical school faculty
from developing countries in the discipline of epidemiology. After receiv-
ing their training, these individuals return to their home countries where
they become part of a medical school-based Clinical Epidemiology Unit
(CEU) that helps evaluate the availability, effectiveness, and efficiency of
health care in that nation. Faculty who complete a program at one of the
five Clinical Epidemiology Resource and Training Centers (CERTC) re-
ceive a master's degree in one of several disciplines related to clinical
epidemiology. The five CERTCs are located at McMaster University, Ontario,
Canada; University of Newcastle, New South Wales, Australia; University
of North Carolina 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 America. The
goal of cach unit is to provide training to at least six epidemiologists, a
biostatistician, a health economist, and a social scientist. CEU staff are to
conduct research in areas that have a measurable impact on health or health
care policy. In addition to supporting training at the CERTCs, the INCLEN
program organizes annual scientific meetings and conducls site visits to
evaluate progress at CEUs (International 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).

NationAL InsTivures oF HEALTH

As part of its mandaie, the NIH conducts research and training 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.

« In 1978, the agency established the International Collaboration in In-
fectious Disease Research (ICIDR) program. With both an international and
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a domestic component, ICIDR cfforts focus on the study of tropical infec-
tious diseases and arc designed to promote collaboration and exchange of
scientific knowledge between scientists from the United States and their
overscas counterparts. The majority of the research under this program must
take place in the country represented by the foreign collaborator, which
allows U.S. scientists to develop overseas work experience, thereby increas-
ing their understanding of cndemic diseases in other countries and their
value as a potential resource for investigating disease outbreaks.

+ The Tropical Disease Research Units (TDRU) program, initiated in
1980, encourages research in tropical infectious diseases. A wholly domes-
tic program, the grants allow investigators to use state-of-the-art technology
in the study of tropical infectious diseases including the six diseases—
filariasis, leishmaniasis, malaria, leprosy, schistosomiasis, and trypano-
somiasis—dcsignated by the WHOQ as major health problems in tropical
countries.

* Recently, the NIAID initiated the International Centers for Tropical
Disease Research (ICTDR) program, which is designed to coordinate the
institute’s efforts in tropical diseases and international health. It is antici-
pated that the program will create a forum to promote more efficient use of
resources, provide a means to identify targets for further rescarch, and stream-
line future planning. In addition to thc ICIDR and TDRU programs, the
ICTDR initiative will comprise the Tropical Medicine Research Centers
(TMRC) and the Intramural NIAID Center for International Disease Re-
search (INCIDR) programs established in 1991, as well as the AIDS Re-
search Division and Office of Tropical Medicine of the NIAID. Table 3-2,
in the earlier section on Recognition, showed overseas locations affiliated
with the ICTDR program.

These NIH-supported programs do not specifically address the emer-
gence of infectious diseases. Proposed research to investigate questions re-
lated to disease emergence currently is unlikely to receive a high priority
for funding, an issue of concern to this committee. To deal with the prob-
lem, the committee suggests that the NIH and other funding organizations
issue requests for proposals (RFP) that address specific issues related to
infectious disease emergence, for example, those involving agent, host, vec-
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 infectious 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 infectiou:e disease emer-
gence,

CENTERS FOR DISEaSE CONTROL

The majority of research and training supported by the CDC in the area
of infectious diseases is conducted by the National Center for Infectious
Diseases (NCID). The CDC does not maintain formal overseas labora-
tories, but it does support a number of foreign field stations that carry out
infectious disease research and training. Thesc initiatives are collaborative
efforts with the host country (scc Table 3-2 in the carlicr section on Recog-
nition),

The CDC is home to more than 40 WHO collaborating centers, more
than half of which arc houscd in the NCID. In addition, the CDC has nearly
50 employces stationed in foreign countries, many of whom are involved in
activities related to infectious disease. In fiscal 1990, the agency mounted
25 inlernational emergency responses, 10 of which were related to infec-
tious discasc outbreaks. Agency research personnel were sent to, among
other locations, Brazil (Brazilian purpuric fever), Bolivia (yellow fever),
Netherlands (filovirus in monkeys), and Uganda (meningitis). In fiscal 1991,
CDC personnel were instrumental in investigations of the cholera cpidemic
in Latin America (ASM Ncws, 1992).

From the mid-1960s to curly-1970s, the CDC administered an extramural
program that awarded grants to academia and other institutions for research
in infcctious disease prevention and control. This program, discontinued in
1973 by the CDC as a result of tight funding (the legislation for this pro-
gram then lapsed), supported up to 102 separate research projects and var-
ied from a high of approximately $3.9 million in fiscal year 1969 to a low
of $1.7 million in its final year. Examples of areas in which support was
provided included the evaluation of immunization techniques and the result-
ing effects on the immunity of populations, the development and evaluation
of laboratory diagnostic tests, field studies on the epidemiology and control
of specific diseases, and defining health hazards related to pesticide use.
The committee concludes that the now defunct program filled a need for
support in a 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 Disease 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-
sionals with training and field experience in public health epidemiology.
The two-year program graduated 70 EIS officers in 1991, 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 four decades, officers have participated in investigations of such prob-
lems as the Hong Kong influenza epidemics, Legionnaire’s disease 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. It 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
FETPs have followed in Indonesia, Mexico, Peru, the Philippines, Saudi
Arabia, and Taiwan. The programs are funded by the host country and
international organjzations, such as the WHO. FETPs provide their host
countries with field-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 for 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.

DEPARTMENT OF DEFENSE

The seven overseas medical research laboratories maintained by the
DoD are the most broadly based international infectious disease research
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laboratories supported by the United States. DoD has maintained overseas
research activities since 1900, when the Yellow Fever Commission was
established in Cuba. The U.S. Army supported laboratories in the Philip-
pines from 1900 to 1934, and in Panama from 1936 to 1945. During World
War 11, the Navy established a tropical disease research laboratory on
Guam, which was later designated the Naval Medical Research Unit No. 2
(NAMRU-2). This was followed by the establishment of additional labora-
tories in Burma and Egypt, the latter being the forerunner of the current
NAMRU-3 laboratory in Cairo (Armed Forces Epidemiological Board, 1991).

Since that time, the DoD has supported a total of 20 strategically located
overseas laboratories, research teams, and research units. At present, the
department operates laboratories in Thailand, Indonesia, Egypt, Brazil, Kenya,
Peru, and Korea; all of them cooperate with scientists of the host country
and serve as focal points for basic and applied disease rescarch, especially
on diseases 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 areas in
which the targeted diseases are endemic. The laboratories are also a vital
resource for recruiting and training medical personnel for the U.S. military
(Armed Forces Epidemiological Board, 1991). The committee is concerned
that some of these laboratories have been closed in the past, for reasons
related both to insufficient funding and changes in mission priorities, and
that further closings could jeopardize the United States’ ability to detect
and respond to emerging infectious disease threats.

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

OTHER PROGRAMS

An excellent model of U.S. involvement in tropical infectious disease
research is the USAID-supported International Center for Diarrheal Disease
Research, Bangladesh (ICDDR,B), earlier known as the Cholera Research
Laboratory. The ICDDR,B was founded in 1959 in Dhaka with funds from
the International Cooperation Agency, the USAID predecessor. Much of our
current understanding of cholera epidemiology and treatment is the result of
studies conducted in Dhaka. The center’s involvement in the development of
oral rehydration therapy for cholera was a major contribution to interna-
tional health. Over time, with additional support from numerous countries, the
facility has evolved into a high-caliber multinational research organization.

Another potentially useful program 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 delivery of medical services in medically underserved areas of
the United States. In 1972, the NHSC Scholarship Program was initiated.
This program underwrites the costs of medical education and in return re-
quires physicians traincd with NHSC money to repay their debt by serving
in areas in which health services are inadequate (Brown and Stone, 1990).
The commitlee is unaware of any similar program dirccted toward those
who wish to train for careers in public health and related disciplines, such
as epidemiology, infectious disease, and medical entomology. Because more
individuals with training in these disciplines are likely to be nceded to
fulfill the United Statcs’ commitments to the implementation of a global
infectious disease surveillance network, the establishment of such a pro-
gram, modeled after the NHSC, might help to attract individuals who other-
wise would not consider public health carecrs.

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 drugs have led to dramatic improvements in
public health in the United States and in much of the rest of the world
during the latter half of this century. Despile this encouraging history, the
committee is concerned that many of the vaccines and drugs available today
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
availability and surge capacity (potential for emcrgency response), as well
as safety and efficacy.

VACCINES

Vaccines are one of the most cost-effective means now available for
preventing disease. The Haemophilus influenza type B (Hib) vaccine is a
good example. With its newly approved use (the vaccine is given at 2
months of age instead of at 18 months) and assuming an effectiveness rate
of 72 percent, the total cost savings for vaccinating a one-year cohort of
infants is estimated to be more than $359 million. (Including the cost of
providing and administering the vaccine, this works out to $106 million in
vaccine costs versus $465.3 million in disease/morbidity/mortality costs
[M. Rowe, Policy Analysis and Legislation Branch, NIAID, personal com-
munication, 1992].)

In addition to protecting the individual who has been vaccinated, the
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effects -of immunization can extend to unvaccinated peréons through so-
called herd immunity. Herd immunity protects nonimmune individuals by
reducing the number of infected individuals in the community (either be-
cause of previous exposure/natural immunity or vaccination) below the
critical level needed to sustain transmission. Within such a community, the
likelihood of a susceptible individual coming into contact with someone
who has the specific disease is thus reduced. Vaccines can also have signifi-
cant secondary public health and economic benefits. For example, hepatitis
B vaccination may prevent the development of hepatocellular carcinoma,
and influenza vaccine may prevent secondary bacterial pneumonia.

In many countries, including the United States, the use of vaccines has
reduced or eliminated death and illness from infectious diseases. There are
now effective vaccines against a number of once common childhood ill-
nesses, including diphtheria, pertussis, measles, mumps, rubella, and polio.
The global eradication of smallpox was possible because of the availability
of a vaccine; polio is on the verge of being eradicated from the Western
Hemisphere for the same reason. Influenza vaccine reduces morbidity in the
young and prevents fatal disease in the elderly. Newer vaccines, against
Hemophilus influenza B, hepatitis A and B, and Streptococcus pneumoniae,
when used to full advantage, will significantly reduce morbidity and mortal-
ity as well. Altogether, there are more than 20 infectious diseases that can
be prevented through the use of vaccines; nevertheless, there are many
diseases for which no vaccine is available. These facts constitute a strong
argument for making vaccine development an important first consideration
for controlling microbial threats to health.

The route by which vaccines move from the research laboratory into the
doctor’s office is quite complex; it involves many government agencies and
private organizations, and is only very looscly coordinated. There are mul-
tiple steps in the process, each with diffcrent decision makers who respond
to diverse political, social, and cconomic forces (see Table 3-3). Federal
vaccine development efforts are the responsibility of the PHS’s National
Vaccine Program Office, but there is considerable autonomy for program
direction within thc principal agencies-—the NIH, CDC, FDA, and DoD.

The foundation for developing new or improved vaccines is basic
research in microbiology, immunology, and disecase pathogencsis. This
research is largely carried out at the NIH, DoD (understandably, DoD’s
efforts are oriented toward military needs), universities, and biotechnology
firms; it is funded by federal grants, private foundations, and the biotech-
nology industry. The level of effort reflects the priority decisions of the
funding organizations—oprincipally, the NJA(D and DoD.

Applied research, which leads directly to vaccine development, is also
funded by the NIALD, often through contracts, and by DoD. There is also
significant investment at this level by industry. The rate of progress in any
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TABLE 3-3 The U.S. Domestic Vaccine Research, Dcvélopment, and

Utilization Process

RDU Activity

Major Support

Major Performers

Basic research

Applied research

(Transition to
development)

Pilot manufacturing
Preclinical testing

IND application

Phase 1-3 clinical and
field testing

Large-scale manufacturing

(Licensing)
Postlicensure
operational testing
Postlicensure
safety evaluation
Purchasing and
utilization

NiH, NSF

Private foundations
NIH, CDC, FDA
Privatc foundations
Industry

Industry
Industry, NTH, FDA

Industry
industry, NTH

Industry

CDC, industry, FDA
CDC, industry, FDA

CDC, states,
private medicine

Academia

NIH

Academia

NIH, CDC, FDA
Todustry

FDA regulates

Industry

Industry, NIH, FDA, CDC,
academia

Industry

Academia, CDC, NTH

Industry

FDA
CDC, academia, industry

CDC, FDA, industry

CDC, staies,
private medicine

RDU, research, development, and utilization; NIH, National Institutes of Health; NSF,

Natjonal Science Foundation; CDC, Centers for Disease Control; FDA, Food and Drug Admin-
istration; IND, application for investigational new drug.

given field can be strongly influenced by the level of NIAID and DoD
funding, as is the case with HIV vaccine research.

The decision to move a vaccine candidate from laboratory research to
industrial development is 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 (including the potential for liability
problems). In most cases, public policy only indirectly influences the deci-
sion to pursue vaccine development and thus has little effect on the charac-
ter of the vaccines that eventually enter the marketplace.

During the course of vaccine development but before licensure, there is a
requirement for a series of studies to prove clinical safety 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 decmand side, the purchase, distribution, and administration of
vaccines are carried out through a 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 half of the vaccines used for childhood immuniza-
tions in the United States. The cost to consumers of vaccines 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 committee, within the
licensed-usc guidelines set by the FDA.

Many decisions influence the life cycle of a new vaccine. In the public
sector, such decisions are made independently by a number of agencies
or committees (e.g., the FDA, CDC, Immunization Practices Advisory Com-
mittee [ACIP]) 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 market forces. 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, molecular biology, biochemistry, and drug
delivery systems have stimulated major new initiatives in vaccine develop-
ment. The generation of vaccines that will come into use in the next decade
is likely 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 to protect against enteric and respiratory
agents.

Extensive investigations 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
DNA, has been tested in animals to determine its ability to induce immunity
to rabies. In two of five vertebrate species examined in one study, inocula-
tion of the fowlpox recombinant vaccine candidate resulted in the induction
of an immune response that protected against subsequent challenge with
live rabies virus (Taylor et al., 1988). Other attenuated organisms being
considered for use as vaccine vectors are vaccinia virus, baculovirus, polio-
virus, Salmonella typhimurium, and bacille Calmette-Guerin (BCG). A ma-
jor advantage of the vectored vaccine concept is that the vector genome can
accommodate genetic material from more than one agent (perhaps as many
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as six or more); thus, it might be possible to develop a single vaccine that
would immunize a person against multiple agents. This area offers much
promise for the future of vaccine development.

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

Successful vaccines were first developed against organisms (such as
smallpox and yellow fever viruses) that produce acute infections and gener-
atc a natural immunc response thar protects against reinfection. For such
diseases, it was only necessary to induce an immune response through vac-
cination that was similar to that induced by the natural infection. Bacterial
diseases like diphtheria and tetanus, whose clinical effects 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
diseases (such as polio), attenuated vaccines, which mimic the wild-type
virus’s ability to produce protective immunity, have been quite effective.

Vaccine development for other infectious discases, particularly those caused
by protozoans, helminths, and fungi, has proved to be quite difficult, often
because the responsible pathogens arc able to cvade 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 life cycle. 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 additional 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 antimalarial immunity (Institute of Medicine, 1991a).

Yaccine development may be impeded by economic factors as well as by
inherent mechanisms in the pathogens under study. The development of
vaccines requires an extensive, up-front investment in research that most
vaccine manufacturers (and policymakers) are reluctant to make, since few
vaccines arc highly profitable and the very strict FDA requircments for
proof of a vaccine’s safety and efficacy make the risk of failure an impor-
tant consideration. This reluctance of vaccine manufacturers to invest in
research contrasts with the attitude of drug manufacturers, who invest con-
siderable funds in research 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 liability claims for injuries or deaths owing to vaccine adminis-
tration. This concern has forced a number of U.S. vaccine manufacturers
out of the market over the past decade. Whereas in 1985, there were 10
licensed manufacturers of human vaccines (seven commercial, two state
laboratories, and a single university) (Institute of Medicinc, 1985), today
there are only five.

Industry currently lacks cconomic incentives to stimulatc cfforts at pre-
venting infectious diseases with vaccines for which there is little or no
foreseeable market. Nor does the public health sector (with specific excep-
tions) have a mechanism for sctting development programs in motion. There
are ways in which industry might be encouraged to assume a greater role in
vaccine development. A comprehensive strategy is urgently needed.

One approach would be to establish public/privatc sector collaborations
in vaccine research and development, a strategy cxemplified by the Na-
tional Cooperative Vaccine Development Groups (NCVDG), whose goal is
to address the problem of HIV. The NCVDGs represent the core of the
investigator-initiated HTV vaccine development effort sponsored by the Vaccine
Research and Development Branch (VRDB) 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
include inactivated virus, rccombinant proteins, live 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 offer industry economic incentives to develop
vaccines. These incentives could range from partial or complete “socializa-
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 in the international initiative to accelerate
development of new, improved childhood vaccines. The IOM Committee on
the Children’s Vaccine Initiative is examining legal, rcgulatory, economic,
and practical impediments to optimal application of available national re-
sources to the International Children’s Vaccine Initiative. The results of this
study, which is due to be completed in 1993, may have implications for the
development of vaccincs 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 conscquences if the development process is left entirely to free

g
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enterprise (sec Box 3-3). It is understandably difficult to promote private
investment in vaccine development for diseascs that may not materialize for
5, 10, or 20 years, if|at all. If a company did stockpile vaccines for poten-
tially emergent diseases, it would either lose its investment if the disease
threat never materialized or be forced to charge extraordinary prices, when
the need arose, to compensate for research (if applicablc—vaccinc research
often is done by other than commercial manufacturers) and development
costs and wasted inventory—a requirement that probably would not be
tolerated by society.

The United States, with only five vaccine manufacturers, is in a precari-
ous position should an infectious disease emergency occur. Although there
ar¢ vaccine manufacturing facilities outside the United States, obtaining
vaccines from these facilities in an emergency would be complicated and
time-consuming. In addition, overseas regulations for licensure may differ
from those of the United States, another factor that must be considered
when attempting to \import vaccines. New technologies and production
facilities need to be developed in this country for rapid response capability.

BOX 3-3 Are We Prcpared? A Hypothetical Case

Consider the city of Ncw Orleans, with a population of about 500,000
people. Early in this century, in cities along the lower Mississippi River,
decaths from yellow fever were as high as 50 percent of those infected. We
know that the insect vector for yellow fever, the mosquito Aedes aegypti,
is still in the area in abundance, as is a newly introduccd potential vector,
Ae. alhopictus. An effective vaccine cxists but is not manufactured in the
United States; only small stocks arc available in North America, {rom a
Canadian manufacturer. Larger stocks are stored in Brazil but would take
time to mobilize.

Were yellow fever to break out in New Orleans and a determination be
made to vaccinate the city’s population, the existing North Amcrican vac-
cine supply would be exhausted within several days. “Acccptable™ pesticidal
approaches effective for control of the vector are not available, and it
would probably b¢ necessary to undertake massive spraying and source
rcduction to stem the epidemic. If that approach proved to be unaccept-
able, becausc there are no effective drugs and because no U.S. manufac-
turer could produce sufficient vaccine in a timely fashion, we could project
with some confidepce that 100,000 people would become ill with ycllow
fever and that 10,000 would likely die within a 90-day period. In addition
to the loss of life, monetary costs to the hcalth care system and to the New
Orleans economy ¢an be predicted to be in the tens of millions 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 for Disease Control,
Atlanta, Georgia

February 10 Virus identificd as swine influenza (presumed
antigenic prototype of 1918)

February 17 Virus forwarded to academic laboratory for
genetic reassoriment

March 1 First reassortant strain sent to manufacturcrs

April 30 Second reassortant strain sent to manufucturers

April Human vaccine trials

May-August Political problems with vaccine liability

September 2 Vaccine releascd by the Food and Drug

Administration
October-December  National Influenza Immunization Program—40
million of 115 million doses administcred

Total elapsed time: Approximatcly 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 for ensuring that needed
innovations are prompily developed and marketed; instead, the innovations
are expected to emerge as firms pursue their organizational goals. Vaccines
against future (some would say speculative) threats are looked upon by
manufacturers as offering little promise for recovery of the investment
needed to drive the system.

The overall process of vaccine development, manufacturing, and use is
fragmented. There is no direct connection between research and develop-
ment on the one hand and the purchasing and use of vaccines on the other.
The various decision makers do not work together; in fact, they respond to
different pressures. This imperfect system for the development of new vac-
cines could easily fail to produce new products rapidly enough in the face
of an emerging disease threat,

The example of influenza vaccines is instructive. The sequence of events
that constituted the response 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 is a class of viruses with which researchers and manufacturers
have had previous experience. In cases in which the agent is unknown, the
timetable would be extended. Also of note is that these actions would
have blunted a winter epidemic but not an earlier one.

The basic technology for the production of influenza vaccine is 50
years old, and global surveillance for influcnza viruses was initiated by the
WHO in 1947. Since then, several new subtypes of influenza A virus have
emerged or reemerged, each posing the threat of pandemic disease. The
system in place for responding to these threats requires the combined and
integrated elforts of the CDC, academic laboratories, private industry, and
the FDA to recognize a new antigenic variant of influenza virus, fabricate
(through genetic reassortment) an acceptable vaccine strain, distribute the
strain to manufacturers, and monitor production lots. The system works
reasonably well. But as with so many other vaccine programs, influenza
vaccines are underused—only a fraction of those at increased risk of fatal
outcome are vaccinated. Influenza thus remains essentially an uncontrolled
disease. :

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

= defines the need for a vaccine and its technical requirements;

» defines the targel populations and delivery systems;

* ensures the purchase and use of the developed product, through par-
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 if necessary;

» utilizes the capacity of the NIAID to manage and support basic and
applied research 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;

* is centrally coordinated to take maximal advantage of the capabilities
of the public and private sectors and ensures the continued existence of a
competitive, efficient, reliable vaccine manufacturing indusiry within the
United States; and

« is prepared for the possible rapid emergence of novel disease threats,
such as occurred in the 1918-1919 influenza 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:

1. Develop an integrated management structure within the federal
government and provide purchase guarantees, analogous to farm com-
modity loans, to vaccinc manufacturers that are willing to develop the
needed 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 laho-
ratories, The assigned mission of these new facilities would be vaccine
development for future infectious disease contingencies,

ANrimicroniaL Drucs

Since the 19403, antimicrobial agents have served to control many previ-
ously life-threatening infections. Antimicrobials have the unique ability to
cure certain diseases, to provide prophylaxis for others, and to reduce sources
of infcction. The usefulness 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 emcrgence of new organisms, will require re-
placement drugs to be in thc pipeline even while existing drugs are still
effective. Success depends on Lhe alertness of the clinical community in
identifying resistant organisms through surveillance and in reaching con-
sensus on the need for ncw drugs. Data from the CDC’s NNISS will be
crucial to surveillance cfforts and for developing guidelines for the rational
use of antimicrobijal drugs, as a means to delay the dcvclopment of resis-
tance. Should a global infectious disease surveillance system be put in place,
such as the one suggested in this report, tracking antimicrobial 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 (similar to the
vaccine groups discusscd above), may be desirable. There may also be cir-
cumstances similar to the current shortage of antituberculosis drugs in which
the active involvement of the FDA may be necessary to encourage manufac- -
turers to produce specific drugs or to pursue the development of drugs for
a specific purpose. '

The committee recommends that clinicians, the research and develop-
ment community, and the U.S. government (Centers for Disease 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 antimicrobials (to preclude their un-
warranted use), a peer review process to monitor the use of antimicro-
bials, and surveillance of newly resistant organisms. Where required,
there should be a commitment to publicly financed rapid development
and expedited approval of new antimicrobials.

Vector Control

The United States and other developed countries have been able to free
themsclves to a remarkable degree from the burden of vector-borne diseases
using a variety of methods of vector control. If that level of vigilance is
maintained, there is a chance of minimizing new outbreaks of vector-borne
disease. The potential for vector-borne discase to emerge in the United
States still exists, however, because of the abundance of certain vectors,
such as Aedes albopictus mosquitoes. And even in Lyme disease, a vector-
borne illness with a known vector—the Ixodes tick—there is cutrently no
agreement on intervention sirategies.

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 limited to, indoor and outdoor spraying of chemical pesticides, applica-
tion of biological control agents, destruction or treatment of larval develop-
ment sites, and personal protective measures, such as covering exposed
areas of the body, application of repellents, sleeping under bedpets, or re-
ducing human contact with infective insects by remaining away from areas
inhabited by the vectors. Innovative methods of vector control, such as
genetic modification of vectors, the development of antivector vaccines,
and the use of biological control techniques are currently being examined,
particularly for use in the control of mosquito vectors of malaria (Institute
of Medicine, 1991a).

The transovarial transmission (from infected female vectors through their
eggs to succeeding generations) of pathogens, such as arboviruses, poses
some unique problems for the development of control programs. A transovarially
infected adult mosquito vector can transmit infection immediately after it
emerges. In the case of the LaCrosse virus, for example, it is important to
preclude adult emergence and/or reduce the abundance of adult vectors that
emerge in the spring or early summer. Any reduction in vector-control
efforts is likely to be followed by a resurgence of the vector population.

For a disease 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 yellow fever or malaria, for which there is or may eventually be an
effective vaccine. To be effective, a vaccine must have time—often several
weeks-—to elicit an immune response in recipients. Vector control may pro-
vide this opportunity (see Box 3-5).

BOX 3-5 Vector Control in Action

Venezuelan cquine encephalomyelitis was introduced into Texas in
1971. This was not a new virus but a highly pathogenic (in both equines
and pcople) strain that had emerged in Central America in 1969. The
disease advanced from Guatemala through Mexico and into Texas, a dis-
tance of more than 4,000 kilometers, in two years. The virus produced
high-titer viremias in equines and was isolated from many species of mos-
quitoes that fed on equines and people. Most of these mosquito species
previously had been considered to be pests rather than vectors of disease
(Sudia et al., 1975).

The initial approach to containing the epidemic was to immunize equine
populations (horses, mules, donkeys, and burros) across extensive areas of
Central America and Mexico. The objective was to create an immunologi-
cal barrier to prevent further spread. Fortunately, a vaccine developed by
U.S. Army researchers (Berge ¢t al., 1961) had been stockpiled, and addi-
tional doses were rapidly prepared. Although more than 4 million cquines
were vaccinated in Mexico in a two-ycar period, the virus continued to
spread. Therc were tens of thousands of equine cases and 8,000 to 10,000
cquine deaths in Mexico alone. Almost 17,000 cases (but no deaths) were
reported in humans (Sudia ct al., 1975).

Once it was recognized that the disease had invaded Tcxas, a massive
campaign to ¢liminate the virus was initiated (Pan American Health Orga-
nization, 1972), A total of 2.25 million equines were vaccinated over an
11.state area, and a quarantine was cstablished to prevent movement of the
equines out of infected areas. Malathion and dibrom pesticides werc ap-
plied over 8 million acres in Texas und Louisiana to control mosquito
populations. With complction of these activities in 1972 and the onset of
winter, the pathogenic strain of the virus disappeared from Texas, Mexico,
and Central America. The program’s cost exceeded $30 million (Sudia et
al., 1973).

The virus has not rcappeared, and it must be assumed that the vacci-
nated equine population has, after 20 years, been replaccd by susceptible
animals. Thus, this region is now reccptive to Lhe reintroduction of a
pathogenic virus from South America or to the reemergence of a virulent
strain from the Vcnezuelan equine encephalomyelitis viruses endemic in
Central America and Florida.

I . B
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In tempcerate zones, epidemic onset of a newly emergent vector-borne
disease occurs most ofien in the spring or summer, since both vector and
pathogen depend on higher temperatures to maintain a rapid rate of
reproduction. The spread of infection during the summer months may be
rapid, particufarly if humans are an effective source of vector infection or if
tbe agent has become widespread in a nonhuman reservoir population. Thus,
to be effective, vector control cfforts must be launched shortly after the
discase is first recognized or, ideally, beforc the disease is apparent.

For most vector-borne infectious diseases, the onset of winter dampens
transmission or can even eliminate the vector or infectious agent. The ex-
ception is pathogens that can survive in humans for long periods and pro-
duce chronic infection (¢.g., malaria and typhus). Vectors native to temper-
ate areas, if introduced into new regions, may be able to survive at low
temperatures, while those native to the tropics may not. In much of North
America, cold weather is a sccond linc of defense against most newly
emerged or introduced pathogens that depend on vectors to be transmitted
to humans. A sudden decrease in incidence of an unidentified discase at
the start of winter may be the first epidemiological evidence that the discase
is vectorborne,

VECTOR-CONTROL RESOURCES

North America has extensive vector-control rcsources. In [act, vector
control is an essential part of environmental hcalth programs in many
communities. California’s mosquito control, for example, covers most of
the statc and involves some 72 agencics with a 1991 budget of more than
$48.9 million for an area with a population of more than 20 million (Cali-
fornia Mosquito and Vector Control Association, Inc., 1991). Statewide
surveillance for mosquito-borme enccphalitis, plague, malaria, and Lyme
disease is coordinated by the California Department of Health Services.

There are approximately 1,000 additional regional and community vec-
tor-control and vector-surveillance programs in the United States and Canada
(American Mosquito Control Association, 1991). Most of these programs
are geared to protecting local populations from indigenous vector-borne
diseases and arthropod pests. They may also provide an early linc of de-
fense against newly introduced or resurgent vector-borne diseases. In the
United States, responsibility for organizing surveillance data and investi-
gating epidemics of emerging vector-borne diseascs, such as encephalilis,
plague, and Lyme discase, rests with the CDC'’s Division of Vector-Bome
Infectious Diseases in Fort Collins, Colorado.

The control methods used in a particular region depend on the vectors
that are present and on what is known about their biology and behavior.
Chemical and biological agents and environmental modification can be
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used individually or together in an integrated control cffort.'Although many
local and regional vector-control programs can effectively combat local and
even regional outbreaks of vector-borne disease, thcy are not equipped to
deal with outbreaks that are national in scope. For example, regional vector-
control programs cannot declarc a health emergency or bypass the many
legal restrictions that now limit the use of certain pesticides that are poten-
tially uscful for vector-control efforts. That authority resis with heaith and
environmental agencies at the state and federal levels.

PESTICIDES FOR VECTOR CONTROL

A growing problem in controlling vector-borne diseases is the dimin-
ishing supply of effective pesticides. Federal and state regulations increas-
ingly rcstrict the use and supply of such chemicals, largely as a result of
concerns over human health or environmental safety. All pesticides must
be registered with the U.S. Environmental Protection Agency (EPA)
before they can be offered for sale in the United States. A 1972 amendment
to the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), called
for all pesticides to be re-registered by 1975 in order to mect new health
and safety standards (Public Law No. 92-516). By 1986, only onc of ap-
proximately 1,200 previously registered pesticides had met all of the
re-registration requirements. A 1988 amendment to FIFRA moved the re-
registration deadline to 1997, giving manufacturers additional time to locate
or develop scientific data necessary for re-registration that were not in the
original registration materials for their products. If adequate data are not
submitted by the cut-ofl date, pesticide makers face the loss of rcgistration
(Moses, 1992),

Some manufacturcrs have chosen not to re-register their products be-
cause of the expensc of gathering the required safety data. Partly as a result,
many effective pesticides developed over the past 40 years to control agri-
cultural pests and vectors of human discase are no longer available because
their registrations have been cancelcd or suspended in the United States.

For example, malathion, a pesticide used worldwide for both agricultural
and public health purposes, is currently registered in the United States but
must be re-registered in accordance with the provisions of FIFRA. The
manufacturer (American Cyanamid Corporation) has sold the rights to mala-
thion to a Danish company, which may or may not apply for re-registration
in the United States, Because malathion is an effective, relativcly inex-
pensive broad-spectrum pesticide, a failure to re-register would be con-
siderable cause for concern.

Pyrethrum, a plant product that has been used successfully to control
adult vectors for many years, is currently being reviewed for its potential
environmental and health hazards. This product is not produced in the
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United States, and supply is often a problem. Nevertheless, its failure to be
re-registered would be a serious loss to the vector-control armamentarium
in this country.

In addition, the new registration frequently limits the circumstances un-
der which products may be applied. In many instances, compounds that
were once approved for pest-control applications are now restricted to cer-
tain narrow agricultural uses, such as for pest control in a single crop. The
result is that many pesticides that might have been used to control emerging
vector-borne diseases are either no longer registered or are not available
in sufficient quantity.

In accordance with federal endangered species legislation, the EPA fur-
ther restricts pesticide use through its Endangered Species Protection
Plan. The plan prohibits the use of a wide range of pesticides within the
habitat of any endangered species. Prohibitions extend in some cases to
urban and suburban environments, in which outbreaks of vector-borne dis-
ease pose a particular threat. Efforts have been made to develop a workable,
legal strategy for vector control in the event of a public health emergency.
Specifically, EPA has developed an emergency exemption procedure in
collaboration with the California Mosquito and Vector Control Association
and the American Mosquito Control Association. The plan calls for specific
steps to be followed when surveillance data suggest that the possibility of
an outbreak of a vector-borne disease is great. After the local vector-control
agency has determined a need to invoke the exemption, it must follow a 12-
step procedure that includes review of the area for endangered species,
consultation with the U.S. Fish and Wildlife Service (FWS), submission
of a request for a public health exemption to the state public health agency
or the CDC, a review and determination by the state agency or the CDC
(which must be performed within 10 days if an emergency is anticipated or
within 24 hours if the emergency is in progress), review and revision (if
necessary) of the original plan and submission of a final plan to the state or
the CDC, submission (within 15 days) by the CDC of a request to the EPA
for an exemption, EPA consultation with the FWS, EPA approval or denial
of the request (within 15 days), and, finally, implementation of the plan
(B. Eldridge, Director, Mosquito Research Program, Department of Ento-
mology, University of California at Davis, personal communication, 1992).

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 disease emergencies.
These procedures would include a means for stockpiling designated pesticides
for such use.

As with vaccines, there is little economic incentive for firms to develop
new pesticides for public health use because such use makes up a very
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small part of the pesticide market. The committee feels strongly, however,
that pesticide development in this area needs to be given some priority.
Pesticide development is now driven mainly by the demands of agriculture.
Moreover, as pesticide development has become ever more specialized,
there are fewer compounds available that have both agricultural and public
health uses.

Agricultural applications account for about 75 percent of pesticide use in
the United States. Approximately 407,000 tons of pesticide were used in
1987, of which about 89,500 tons were insecticides. Public health use ac-
counts for about 10 percent of all pesticides globally; thc major public
health uses are for control of malaria, filariasis, schistosomiasis, oncho-
cerciasis, and trypanosomiasis (Moses, 1992).

Dichlorodiphenyl trichloroethanc (DDT), one of the most effective and
economical pesticides ever developed, was first marketed in 1942, three
years after Swiss chemist Paul Mueller discovered that the compound had
insecticidal properties. In 1972, all agricultural use of DDT in the United
States was banned becausc of its adverse environmental effects, Its use is
now testricted by the EPA to public health emergencies, as defined under
FIFRA. DDT is still used in many developing countries for public health
purposes, particularly malaria control. Currently, aldrin, benzene hexachlo-
ride, chlordane, chlordimeform, DBCP, diazinon, dieldrin, dinogeb, ethyl-
ene dibromide, andrin, EPN, heptachlor, lindane, mirox, nitrofen (TOK),
2.4,5-T/silvex, and toxaphene also are banned, suspended, or severely re-
stricted in their use as pesticides within the United States (Moses, 1992).

The use of insect growth regulators (so-called biorational or third-
generation pesticides) to control vector populations is being investigated.
These compounds affect certain biological processes of insects, such as
metamorphosis, that are not present in mammals and other vertchrates.
Biological control agents (the use of one organism to control another) are
also considered biorational pesticides. Once licensed, many such materials
will be used to control the immature stages of a number of insect vectors,
They are likely to be of limited value as adulticides, however, since com-
pounds used to control adult insects usually must produce mortality quickly.
So far, only conventional broad-spectrum pesticides possess this character-
istic. Resistance to biorational pesticides has recently been demonstrated in
laboratory settings, even in the case of microbial pesticides.

The lack of a sufficient stockpile of effective pesticides, which might be
required in the event of a major epidemic, continucs to be a serious prob-
lem, The public health community has played a minor role in the formula-
tion of pesticide use policy, which is mainly influenced by agricultural
and environmental lobbying efforts. Until therc are adequate alternative
means for controlling disease-carrying vectors, it is critical that public health
requirements for pesticides be considered when pesticide policy is being
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dcbated. There may well be instances in which the limited application of
pesticides, such as DDT, to deal with a public health emergency may be
acceptable—as long as the overall burden on the environment is not exces-
sive. The committee believes that the current EPA contingency plan that
addresses this issue is ineffective: the approval process for emergency use
of pesticides is so cumbersome that approval would likcly come after the
critical period in which application of the pesticide could avert the out-
break. Under emergency circumstances, a tradeoff must be made, so that
the process can be more cxpedient.

Sevcral arboviruses (St. Louis, western, and eastern equine encephalitis)
are examples of diseases that could erupt suddenly into emergency propor-
tions that might require pesticide use. These arboviruses are enzootic in
North America and arc maintained in a cycle of infcction between wild
birds and vector mosquitoes, with little or no transmission to humans. Peri-
odically, however, cxcessive rain or snow, followed by high summer tem-
peratures, favors the emergence of increased vector populations, which may
lead to the rapid spread of infection to humans,

These events can occur in both urban and rural communities, and when
they do, there is an immediate nced to implement a control program. The
primary goal at the onset of mosquito-bore disease cpidemics is to elimi-
nate the infective mosquitoes as quickly as possible. Transmission can
only be stopped by the etfective application of a pesticide that kills adult
mosquitoes. A control program dirccted against the preadult aquatic and
adult stages of the vector would not have an immediate effect on virus
transmission but might be valuable for preventing a prolonged epidemic.

St. Louis cncephalitis (SLLE) cxemplifies the above scenario. It has fre-
quently reemerged as an epidemic infection in the United States (Monath,
1980), most rccently in Florida and Texas in 1990 (Centers for Disease
Control, 1990d). In 1966, an effort was made, ir the middle of an epidemic
in Dallas, Texas, to evaluate the cffectiveness of controlling populations of
adult mosquitoes that transmit this disease. There were 545 suspected and
145 confirmed cases of SLE in a period of a few weeks (Hopkins et al.,
1975). In an eight-day period, 475,000 acrcs of the area were aerially
sprayed with 12,000 gallons of malathion in an ultra-low-volume, high-
concentration mist. Observations made before and after the application indi-
cated that there was a significant reduction in the vector population and its
infection rate. Few new cases werc detected during the two to threc weeks
after the spraying. This is one of the few epidemics of a reemerging infec-
tion for which a study was conducted on its economic impact. It was
estimated that the SLE outbreak cost the community $796,500, of which
almost $200,000 was spent on vector control (Schwab, 1968). The eco-
nomic and public health consequences would certainly have been greater
had pesticides not been available.
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Alternative strategies for the control of cpidemics of SLE and western
equine encephalitis arc considered in detail elscwhere (Reeves and Milby,
1990). In the event of an cpidemic caused by one of these enzootic viruses,
the control of adult vectors is probably the best approach for stopping the
spread of disease. To be successful, it has been cstimated that pesticide
application should achicve a 90 percent or greater reduction in the infected
vector population (W. Reeves, Professor of Epidemiology Emeritus, School
of Public Health, University of California at Berkeley, personal communi-
cation, 1992) .

As in the drug arena, resistance to pesticides can present serious prob-
lems to disease control. Mosquitoes, flies, and other disease-carrying in-
sects have relatively short life cycles and produce many generations per
year. This is a major factor in the development of pesticide resistance, and
it is usually in these groups that resistance to a given chemical is seen.
There are many strategies that can be used to delay or prevent pesticide
resistance. So-called pesticide resistance management can include the rota-
tion of chemicals, avoidance of sublcthal doses, and the usc of biodegrad-
able materials, More research is needed, however, to hone the uscfulness of
these approachces.

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

The areas of public education and behavioral change in relation to emerging
infectious diseases currently show visible activity; the media, for example,
have been presenting information to the public about the control of Lyme
disease and HIV transmission. The committee was not constituted to ad-
dress these two issues; however, because the topics represent potentially
important aspects of emerging infectious disease prevention and control, it
was considered appropriate to address them briefly here.

Public policy discussions and scientific efforts sometimes focus on vac-
cine and drug devclopment and fail to give appropriate consideration to
cducation and behavioral change as means for preventing and controlling
infectious diseases. This is unfortunate, since it is often only by changing
patterns of human activity—from travel and personal hygiene to sexual
behavior and drug abuse—that the spread of disease can be halted.

For many infectious disease problems, however, particularly those that
result from emecrging microbes, the use of vaccines and drugs is not practi-
cal. Often, for newly recognized diseascs, the causative agent is unknown,
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making vaccine and drug development essentially impossible. Because of
the long development process, vaccines and drugs can contribute little to
disease control at the onset of an outbreak of a newly emergent disease,
Only in a case in which an effective drug has already been developed for
use against another organism and is found be efficacious against the newly
discovered agent will drugs be of use in such circumstances.

HIV disease illustrates thcse problems quite clearly. It has been almost a
decade since HIV was isolated, yet there is no vaccine and few drugs that
have been shown to slow the disease process. Since the major modes of
transmission of HIV are behaviorally based, the pandemic offered a unique
opportunity to put public education and behavior modification to use. Ini-
tially, officials were highly reluctant to provide candid information to the
public on how to prevent the spread of HIV. Recently, however, efforts at
education on HIV and A1DS, much of it from nongovernmental organiza-
tions, have been more straightforward. Among the more visible of the fed-
eral government efforts were the mailing of an AIDS information pamphlet
to every household in the country in 1988 and the current television spots
that provide a toll-free number to call to learm more about HIV disease. The
concern of the commitiec is that these cfforts are targeted to a general
audience rather than to specific risk groups, and do not usc 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 educa-
tion. Condom use has incrcased and numbers of sexual partners have de-
creased in most male homosexual populations that have been studied
(National Commission on Acquired Immune Deficicncy Syndrome, 1991).
Evidence for similar behavioral change among those using intravenous drugs
or crack cocaine is less encouraging.

Even when scientists and public health officials rely on education and
encourage behavioral change to prevent or limit the spread of infectious
disease, the public may not be convinced. Although scientists may see 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, for example heart disease or cancer. In
such instances, carefully conceived media campaigns may have a beneficial
effect on behavior in relation to 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.

* k k %
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It is 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 ways 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 to prepare for the future is by developing and implementing preventive
strategics that can meet the challenges offered by cmerging and reemerging
microbes. It is infinitely less costly, in every dimension, to attack an emerg-
ing 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 funds.
The commitice recognizes and has wrestled with the discomforts that such
recommendations can bring—for example, the awareness that there arc other
compclling needs that also justify—and require~—increased expenditures.
But everyone must rcalize 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 $3.4 billion (more
than three times the NIAID budget for fiscal year 1992), and the total
economic burden was $26.8 billion®—almost three times the total NTH bud-
get for fiscal year 1992 (Kavet, 1972). A more current example offers a
similar lesson. The recent resurgence of TB (from 22,201 in 1985 to 26,283
cases in 1991, or 10.4 per 100,000 population) (Centers for Disease Control,
1992g), after a steady decline over the past several decades, will be costly.
Every dollar spent on TB prevention and control in the United States pro-
duces an estimated $3 to $4 in savings; these savings increase dramatically
when the cost of treating multidrug-resistant tuberculosis is factored in. We
also have a recent example of what rcsults when early prevention and con-
trol efforts 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 carlier detection of such emerging dis-
eases, coupled with a timely effort to inform the population about how to
lower their risk of becoming infected.

Obviously, even with unlimited funds, no guarantees can be offered that
an cmerging 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—to work together and, in some cases, combine their re-
sources. These efforts will help to ensure that we will be better prepared to
respond to emerging infectious disease threats of the future.

3Study stafl’ converted the figures in the original publication (Kavet, 1972) to 1992 dollars
using the NIH Biomedical Research and Development Price Index (BRDFL).




