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Dear Drs. Hrynkow, Clutter, and Leinen,

Letter of Transmittal

August 30, 2005

Please find enclosed the final report of the panel convened to review the Ecology of Infectious
Discases Program in July of this year at the National Institutes of Health. The report reflects the
findings and recommendations made by the review panel, which I had the pleasure of chairing. I
hope that the report will be helpful to FIC, the NSF, and their partners as they look to strengthen
the program and as they fashion the next request for applications (RFA) in 2006.

During our three-day review meeting at NIH, we spoke to many persons connected with the
program and received many positive comments about the EID program as well as comments
about how the program could be modified to make it even more effective. We were struck by
the importance of ecological issues in prediction, prevention, and containment of newly
emerging infectious discase threats. We hope that FIC and its partners will give the suggestions,

contained in the report, serious consideration as they go forward.



Letter of Transmittal

As is evidenced in the report, the review panel was impressed by the accomplishments of the
EID program and its role in furthering our knowledge of the relationships between ecological
disturbances and transmission of infectious agents. I am confident that we can look forward to
even greater accomplishments from the EID program in the future, particularly if FIC and its
partners are able to build on our recommendations.

On a more personal note, I should add that I enjoyed very much chairing the EID review panel
and working with my fellow panel members — my thanks go out to this talented group, whose
diverse backgrounds and expertise allowed us to look at the program from many different
perspectives. 1 would also like to thank Dr. Linda Kupfer of the FIC and the Abt staff, Allison
Hodges Myerson, Christina Viola, and Alexis Wilson, who provided background summaries of
program characteristics, helped staff the review, and turned our review notes into a clear and
concise draft of this final report.

Best regards,

OoroeteS (Recsdm .

Donald S. Burke, M.D.

Professor, Department of International Health
Associate Chair and Director,

Disease Prevention and Control Program



Executive Summary

Initiated in 1999, the Ecology of Infectious Diseases (EID) initiative is a competitive
research grant program administered jointly by the National Science Foundation (NSF)
and the Fogarty International Center (FIC). Its purpose is to encourage development of
predictive models and discovery of principles for relationships between anthropogenic
environmental change and transmission of infectious agents.

In 2005, as part of its ongoing program review procedures, the Fogarty International
Center (FIC) convened a panel of seven experts to review the achievements of the EID
program to date and to make recommendations about its future. Fields of expertise
represented on the panel included infectious diseases, epidemiology, public health,
ecology, environmental science, and biostatistics. The panel met June 18th-20th, 2005,
on the NIH campus in Bethesda, Maryland. Panel members conducted interviews in-
person and via telephone with principal investigators on EID grants, key personnel on
EID-funded projects, key staff members of NSF and NIH program partner agencies, EID
program officers, and outside experts with relevant knowledge. In these interviews, the
panelists explored the appropriateness of the program mission, management,
partnerships, communication, and results. The Panelists also reviewed key program
data including current and former Request for Applications (RFAs) and Program
Solicitations, annual progress reports, funding data, publication data, key personnel
data, and other historical program documents.

Overall, the panel concluded that the first five years of the EID program have been
successful and productive. A total of 34 projects have been funded, and all of them have
been both interdisciplinary and appropriately targeted at the development of new
concepts and methods to predict and respond to emerging or re-emerging infectious
diseases. In addition:

» At least 566 individuals from 123 institutions in 23 countries around the world
have served as key personnel on EID-funded projects.

* Although EID is not a training program, it has considerable potential for impact
with respect to capacity building, especially in the area of human capital and has
helped to train at least 208 students at the undergraduate, graduate, and post-
doctoral levels.

* Though it is a young program, more than 228 journal articles, 95 abstracts, and 11
book chapters already have been attributed to EID.

While the program has been effective in achieving goals, the panel made several
recommendations for the program’s future. This report outlines the panel’s rationale
and full set of recommendations based on the findings of the review. The key
recommendations include:



NIH and NSF should continue and expand the Ecology of Infectious Diseases
(EID) program (Recommendation 1).

In the past five years, the EID program has successfully bridged disparate scientific
disciplines and institutional cultures to develop new approaches to critical
environmental and health challenges. It has also played an important role in building a
cadre of interdisciplinary scientists. The panel felt strongly that investment in the
program should continue.

The EID program should add a special emphasis on those infectious diseases
that are serious pandemic threats (Recommendation 2).

Many current EID projects focus on diseases and pathogens of proven public health
significance for humans (e.g., West Nile encephalitis, plague, malaria, Lyme disease).
Other projects focus on veterinary pathogens of potential economic significance (e.g.,
chronic wasting disease, bovine tuberculosis). Now that the program has been launched
successfully, it should also seek to support research projects that focus on serious
pandemic disease threats where ecological factors are known or suspected to play a
crucial role in disease emergence (e.g., Avian influenza, SARS).

The EID program should foster translational research in order to develop
public health interventions based on research findings (Recommendation 3).

Several of the EID-funded investigators have identified opportunities to translate
research findings into products that may advance surveillance, detection, control, or
intervention efforts. While the program should continue to emphasize basic science
questions related to the ecology of infectious diseases, opportunities for translational
research should be preserved and enhanced. Additionally, assessment and evaluation
of outcomes after interventions have been implemented should be promoted.

Given its inherently interdisciplinary nature, the EID program should
continue to evolve as a model for interagency cooperation. Consistent with the
NIH Roadmap, the EID program should pursue opportunities for substantive
participation of other institutional partners across the NIH (NIAID, NIGMS,
and NIEHS) and the NSF (Geosciences and Social, Behavioral, and Economic
Sciences) (Recommendation 9).

The EID program mission overlaps with the missions of several of the NIH Institutes
and NSF Directorates. As one of the few joint NIH-NSF programs, the EID program is
also a valuable example of effective interagency cooperation. It is to the credit of the
program officers and the original partner agencies that the need was recognized and the



gap was effectively bridged. It is hoped that the lessons learned from the EID program
can help encourage and inform future intra-agency and interagency cooperation.

The EID program should nurture the development of a community of
scientists interested in the ecology of infectious diseases. Interactions
between EID investigators - at all levels of training and experience - should
be facilitated (Recommendation 12).

One of the major outcomes of the EID program should be the establishment of a group
of investigators who are conversant in the languages of multiple disciplines related to
infectious disease ecology and comfortable working across traditional disciplinary
boundaries. The ultimate goal should be to nurture a united group of investigators who
are equipped with the skills and the drive to address infectious disease issues through
approaches that were not previously possible. The EID already advances this goal
through formal networking opportunities at annual meetings. Additionally, EID should
explicitly incorporate other activities that foster cross-training and capacity-building for
the investigators, their students, and other collaborators. For example:
* Modelers should spend time in the field to become cognizant of the data needed
to parameterize a model;
* Field biologists and lab personnel should be exposed to basic analytical methods
of modeling;
* Epidemiologists should strive to understand the basic principles of the other
researchers involved in their project.
Such an achievement would represent an important contribution of the EID program to
both basic science and global public health.
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l. Introduction

The Ecology of Infectious Diseases (EID) program was created in 1999 as a competitive
research grant initiative administered jointly by the Fogarty International Center (FIC),
working in partnership with the National Institute for Environmental Health Sciences
(NIEHS) and the National Institute for Allergy and Infectious Disease (NIAID), and the
National Science Foundation (NSF). Its purpose is to encourage development of predictive
models and discovery of principles for relationships between anthropogenic environmental
change and transmission of infectious agents. Interdisciplinary by design, the program was
established to fill a research need that was believed to overlap with the missions of both
agencies but fell outside of the current scope of each agency’s mainstream research
programs.

The total annual budget for the EID program increased from about $4 to $5 million per year
in 2000-2001 to $14 to $15 million per year in the most recent years. Contributing partners at
NIH have included FIC, NIAID, and NIEHS. NSF partners include the Geosciences
Directorate (NSF-GEO) and the Biological Sciences Directorate (NSF-BIO). Overall, more
than half (56%) of the total funding contributions came from NSF and the remainder (44 %)
from NIH, with FIC contributing 24% of the total, NIAID contributing 16%, and NIEHS
contributing 4% (Table 1).

Table 1. Funding Sources of EID Grants by Year (2000-2004)

q Year Total Funding
Funding Agency 2000 2001 2002 2003 2004 Amount (USD)
FIC $1,402,000 | $1,298,102 | $2,668,129 | $2,840,592 | $3,034,460 | $11,243,283
NIAID $1,238,837 | $1,178,735 | $1,041,257 | $1,310,476 | $893264 $5,662,569
NIEHS $110,000 | $110,000 | $610,000 | $610,000 $530,000 $1,970,000
NIH TOTAL $2,750,837 | $2,586,837 | $4,319,386 | $4,761,068 | $4,457,724 | $18,875,852
NSF (Primary Grants Only)* | $2,084,579 | $2,078,993 | $3,949,011 | $9,877,874 | $9,882,352 | $27,872,809
NSF TOTAL $2,112,495 | $2,078,993 | $4,007,011 | $9,999,991 | $10,000,000 | $28,198,490
Total Amount (USD) $4,863,332 | $4,665,830 | $8,326,397 | $14,761,059 | $14,457,724 | $47,074,342

*Note: The NSF program officer provided annual funding information for both the primary grants, and also the “total
funding” which includes the costs for running the panels, the Principal Investigator meetings, supplementary funding,
workshops, etc.

Between 1999 and 2004, a total of 34 research awards were made under the EID program!
(for a complete list of awards by investigator and title, please see Appendix D, Table D1).
Of these, 11 (32%) were funded by NIH and 23 (64%) were funded by NSF. Overall, 41% of
the grants involve field research conducted at study sites outside of the United States (US);
these international grants comprise a large majority (81%) of the NIH-funded awards
(Appendix D, Table D2).

To date, at least 566 individuals have been listed by name and title as key personnel on EID
proposals or progress reports, but it should be noted that this is likely to be a drastic

1 One additional award was initiated in 2000, but it was withdrawn before a substantial portion of the
proposed research had been completed.




underestimate of the total number of people involved in the 34 projects because of
incomplete records and inconsistent definitions of “key personnel” between NIH and NSF.
Of these, at least 208 were undergraduate, graduate, or post-doctoral students or fellows
who received training and research experience through the program. Key personnel on EID
projects are located in at least 123 different institutions in 23 countries around the world. Of
the 31 projects for which full or partial key personnel information was available, only 9 were
limited to key personnel from US-based academic institutions only; all others had at least
one participant from a non-profit organization, government agency, or an academic

institution located outside of the US.

In 2005, as part of its ongoing program review procedures, FIC convened a panel of seven
experts to review the achievements of the EID program’s first 5 years and to make
recommendations for its future. Fields of expertise represented on the panel included
infectious diseases, epidemiology, public health, ecology, environmental science, and
biostatistics. The panel met on June 18-20, 2005, on the campus of the National Institutes of
Health in Bethesda, Maryland. Panelists conducted interviews via phone or in person with
14 Principal Investigators or key Personnel on EID grants, 12 representatives of the NSF and
NIH program Partners, 5 outside experts with knowledge of the field, and the relevant
program officers at NSF and FIC. A letter to the panel chair can be found in Appendix A,
the biographical sketches of the review panel in Appendix B and a complete list of
recommendations in Appendix C. The review was conducted following the FIC Framework

for Evaluation.2

Il. Overall Assessment

A deeper understanding of the ecology of infectious diseases is
critical for improving global public health. Without such an
understanding, it will be impossible to anticipate and respond
quickly to the effects of environmental changes on human, animal,
and environmental health. As the pace of anthropogenic change
continues to accelerate, basic research will be essential to
anticipating impacts and potential management or policy
interventions. Whether the relevant questions concern long-range
impacts of global climate change, more effective control of
familiar pandemic diseases with animal vectors and reservoirs, or
securing our food supply against the increasing threat of
bioterrorism, the ecological dimensions of infectious disease are
fundamental and poorly understood.

Despite increasing recognition in the international community of
the need for a robust understanding of the ecology of infectious

“EID is one of the few
programs that values
unique, interdisciplinary
nature of science. It
facilitates putting together
things that aren’t intuitively
obvious and opens bridges
for collaboration like no
other program —really, it
opens everyone’s eyes to
opportunities we don’t
ordinarily see and teaches
us to think in a different
way. This is always
positive for science.”

-EID Principal Investigator

2 Fogarty International Center, “Framework for Program Assessment (Evaluation and Review): A Performance-based Review

Process,” National Institutes of Health, December 2002 (updated April 2005). Available at
www. fic.nih.gov/about/eval_framework.pdf (accessed August 11,2005).
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diseases,? research funding in this area remains scarce. In part, the lack of funding
opportunities is likely due to the inherently interdisciplinary nature of the research. Many
infectious disease processes are best understood when studied in their natural setting where
factors that may impede or accelerate their spread within an environment can be
understood, and there are well-developed principles from ecology that can provide a
framework in which the interaction of pathogens and their hosts can best be understood. As
illustrated in Figure 1, many of the relevant questions simply do not fall neatly under
traditional fields of research areas such as vector biology and epidemiology.

Traditional vector
biology and

epidemiology
studies

Person to Person
Transmission

il 7wy Enzootic ¢
,,.ff’ﬁ Cycle =

Plague transmission cycle (proposed) *gdj‘:f’;]f;gffgm ooy

Figure 1: Schematic representation of hypothetical plague transmission cycle.
The area highlighted in blue corresponds to the part of the cycle that is usually included in traditional
vector biology and epidemiology research. Figure provided by the EID program officers and
adapted from EID Principal Investigators S. Collinge and M. Kosoy.

Clearly, therefore, research initiatives to address the ecology of infectious diseases cannot
effectively be conducted in isolation; EID research spans the boundaries of many traditional
scientific disciplines and areas of expertise, and its practical applications are relevant to a
variety of agency mission and mandates. However, EID research does not fall under the
traditional purview of biomedical research funding agencies such as NIH. NIH has a vested
interest in infectious disease research with an emphasis on diagnosis and treatment of
disease and studies of the epidemiology of human pathogens and select animal pathogens,
but it has no vested interest in the study of ecology per se, as this is the usual domain of NSF.
At NSF, however, ecological research funds are administered by the Biological Sciences

3 For example, see Grand Challenges in Environmental Sciences, 2001, Committee on Grand Challenges in
Environmental Biology, National Research Council, National Academy Press, Washington, D.C. Available online
at http:/ /www.nap.edu/books /0309072549 / html, accessed 8/2/05.
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Directorate, which does not have a mandate to study infectious diseases in humans. In
serving as a unique source of basic research funds for this important emerging field, the EID
program fills a critical gap within the federal research funding system in the area of ecology
of infectious diseases.

Since its inception, the EID program has been highly successful in bridging both scientific
disciplines and institutional cultures to develop an innovative approach to some of the 21st
century’s most critical environmental and health challenges. It also serves a key function in
helping build a cadre of interdisciplinary scientists versed, or acquiring fluency, in the
multiple scientific disciplines. Interdisciplinary programs are, by definition, capacity
building in terms of integrating scientific disciplines. In this regard, the EID program plays
a key role in fostering a combination of research, training, and capacity building. Therefore:

Recommendation 1: NIH and NSF should continue and expand the EID program.

[ll.  Program Mission

As stated in the most recent Program Solicitation, the EID program supports “development
of predictive models and discovery of principles for relationships between anthropogenic
environmental change and transmission of infectious agents.” ¢ Substantial progress has
already been made towards achieving this mission. Thus far the EID program has
supported a broad array of studies on a variety of infectious diseases. Thirty-five percent of
the grants are focused on prions and/or viral pathogens, 27% on pathogenic bacteria, and
27% on protists or multi-cellular parasites (Appendix D, Table D3). The program supports
projects in terrestrial, freshwater, and marine field sites (Appendix D, Table D4). Study
designs and research topics range from the abstract (e.g., investigations of the impact of
social behavior on spheroid transfer processes among honeybees) to more classical
epidemiology-oriented studies focused on zoonotic or vector-borne diseases with
environmentally-mediated risk factors. Virtually all of the funded projects to date have
been both interdisciplinary and targeted at the development of new concepts and methods
to predict and prevent infectious diseases.

While the EID program has been successful, its current mission could be improved in
several ways:

Recommendation 2: The EID program should add a special emphasis on those
infectious diseases that are serious pandemic threats.

Epidemic diseases that are zoonotic, vector borne, water borne, or emerge from animal
reservoirs continue to pose serious threats to human health. Some recently emerged
examples include SARS and West Nile Virus; others, like avian influenza, seem poised to
emerge as major public health threats. Still others, such as plague, anthrax, and tularemia,
are considered potential agents of bioterrorism. Meanwhile, pandemics such as malaria

4 “Ecology of Infections Disease Program Solicitation”, NSF 03-507, 2003. Available online at
http:/ /www.nsf.gov/pubs/2003 /nsf03507 / nsf03507.html, accessed 8/2/05.
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continue to claim lives at a pace that may well be affected by ongoing anthropogenic
environmental change, even as existing treatments become less effective.

An understanding of how these and other diseases emerge, adapt, and spread through
ecosystems is essential in order to predict, manage, and prevent them. The relevant science
cannot be conducted solely in the laboratory or the clinical environment; it must also
include field ecology and epidemiology in the relevant ecosystems and communities.
Similarly, this research cannot be conducted effectively by scientists who are conversant in
the language of a single discipline only.

Together, these attributes of the EID program will enable it to improve the readiness of the
US to counter the threat of epidemic infectious diseases in several important ways:

(1) New scientific principles, concepts, and methods will be generated;

(2) Expert academics and professionals will be better trained and more prepared to
respond to threats;

(3) Predictive models will help direct resources towards early detection of emerging or
re-emerging disease threats, facilitating early intervention and rapid response; and

(4) Specific microbes that are known to have epidemic potential will be studied in detail.

Diseases and pathogens of proven public health significance that are currently the focus of
EID projects include: West Nile encephalitis, plague, malaria, rabies, Chagas disease, Lyme
disease, hantaviruses, cholera, human alveolar echinococcosis, and schistosomiasis, (for full
list, please see Appendix D, Table D1). Several projects also focus on veterinary pathogens
of potential economic significance such as chronic wasting disease and bovine tuberculosis.
Now that the program is fully launched, the program should expand to target those diseases
known or expected to pose critical threats to human health, such as SARS, Avian influenza,
and others.

While the primary goal of the EID program should continue to emphasize basic science
questions related to the ecology of infectious diseases, some of the current projects have
already identified potential opportunities to translate their research findings into products
that could be exploited for improving disease surveillance, diagnosis, and control. This
aspect of the program should be preserved and enhanced:

Recommendation 3: The EID program should foster translational research in
order to develop public health interventions based on research findings.

The interdisciplinary nature of EID research provides unique opportunities to identify novel
strategies for disease detection and control. As much as possible, attempts to translate
predictive models into instruments for assessing and measuring disease risk, disease
incidence and trend (e.g., epidemics and pandemics), and evaluation of outcome after
intervention should be encouraged. Whenever possible, epidemiologic and microbiologic
observations made in the field also should be translated into products such as, new
diagnostic tests, vaccines, drugs, vector control agents, or surveillance devices that could be
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used to improve human as well as nonhuman infectious disease treatment, prevention, and
control.

The interdisciplinary nature of the EID program and particularly the cross-training
opportunities it provides may help to facilitate translational research. For example,
ecologists who have worked with local public health officials may be quicker to recognize
and more likely to include local needs in their research design, while public health officials
with a more in-depth understanding of science are likely to apply research findings to their
work more quickly.

There is some evidence that translational research is already taking place under the auspices
of the EID program in the form of new interventions identified and implemented by
research teams. For instance, one Principal Investigator conducting research on malaria
transmission in Belize described working with local officials to improve wastewater
management practices in an effort to reduce malaria transmission. Another was sharing his
results with local fishermen on Lake Malawi to limit exposure to schistosomaisis
transmission through the food supply, and yet another had demonstrated that imposing
strict controls on placement of fruit trees near pig farms limited exposure to Nipah virus.

Overall, most of the current programmatic elements are appropriate. However, in addition
to incorporating an emphasis on pandemic threats and translational research, there is room
to include additional fields such as evolutionary ecology and genetics under the EID
umbrella:

Recommendation 4: Key programmatic elements that should be continued
include: ecology, epidemiology, field studies, dynamics in reservoir species,
modeling, and public health. A new emphasis should be put on evolutionary
ecology and microbial genomics. The EID program should encourage but not
require an emphasis on anthropogenic change.

When asked whether the modeling component should continue to be required or strongly
encouraged, the majority of interviewees stated that it should. Several Principal
Investigators mentioned that the modeling component had forced them to diversify the
expertise on their project teams, increasing interdisciplinarity and introducing them to
researchers they would not otherwise have contacted. In one case, a Principal Investigator
claimed that the relationship she developed with the modeling experts on her project team
helped to launch a campus-wide interdisciplinary working group. Others simply expressed
appreciation for the opportunity to learn more about modeling as a valuable tool for
integrating research. One Principal Investigator whose project was funded in the earliest
round (when modeling was not yet a required component) mentioned that she had
voluntarily added a modeling component at the end of her project in the hope of further
integrating the results. She cautioned that the process has been less efficient than it could
have been if modeling had been incorporated into the initial project design.

While modeling should continue to be an important component of the EID program, there
may not presently be sufficient emphasis on testing and validating the models that are
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developed. Validation of infectious disease models is an important issue, but no clear
consensus has yet been reached on how this concern might be translated into operational
advice for the program at this stage. As the program matures, however, dialog on this issue
should continue.

Multiple program stakeholders also indicated that the EID program should seek to engage
researchers interested in evolutionary ecology and genomics. There are a number of
important and relevant questions that might be explored concerning the interplay of
ecology and evolution in the emergence and spread of infectious disease —one example
might be in understanding the dynamics of pathogen-host-reservoir co-evolution. In future
versions of the Program Solicitation, the program officers should consider adding language
that encourages (but does not necessarily require) the integration of these disciplines.
However, the reviewers should be careful to distinguish evolutionary ecology projects from
projects that focus on the evolution of infectious disease (for which there is a separate
program at NIH); all projects funded under this program should continue to have a
significant ecological component.

While the current focus on anthropogenic change is appropriate, it should not necessarily be
required for EID program proposals. The majority of interviewees expressed a similar view,
with several arguing that the environmental phenomena of interest are best determined by
the disease processes and ecosystem dynamics rather than the other way around. Others
pointed out that the boundaries of “anthropogenic change” are difficult to define, as human
activity has to some extent influenced every ecosystem. There should be room for flexibility
with respect to interesting and innovative proposals focused on the disease implications of
“natural” environmental phenomena. Examples of appropriate topics might include the
effects of El Nino-Southern Oscillation; local or regional climatic phenomena such as
hurricanes, droughts, and tornados; geological events such as earthquakes, tsunamis, or
volcanic eruptions; and random effects such as genetic bottlenecks.

IV. Program Management

The EID program leadership was found to be highly enthusiastic and invested in the success
of the program despite the inherent difficulties of cross-agency work. Differences in
application and review procedures, reporting systems, and institutional culture between
NIH and NSF have created significant obstacles for cross-agency collaboration efforts, but
the goodwill and dedication of the program officers in particular seems to have helped to
mitigate these operational difficulties. While the EID program management appears to have
been adept at bridging the gap between NIH and NSF administrative processes, additional
efforts should be made to streamline the application and review processes:

Recommendation 5: Proposal application and review should be streamlined into
a single process for interagency submissions.

The first round of EID application and review occurred at NIH, and the most recent four
rounds have occurred at NSF. The NSF FastLane electronic submission process is widely
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admired for its speed and efficiency, while the NIH application system remains paper-
based. For the most part, initial review of EID applications has adhered to the rules of the
agency where the review was held, with the NIH reviews scoring proposals numerically by
priority for funding and the NSF reviews assigning proposals to appropriate “bins.” Under
NSF rules, proposals that are considered “highly competitive” are recommended for
funding, and more power rests with the program officer to make the final decision
regarding which proposals are awarded. However, to retroactively satisfy NIH review
requirements, the EID proposals rated “highly competitive” under NSF rules that are
candidates for NIH funding must then be resubmitted by the Principal Investigator in NIH
format, at which time they are assigned a standard NIH priority review score. This need for
double scoring creates unnecessary work for the program officers and staff at NIH and NSF.
Based on interviews with program partners at NIH in particular, it can also generate
concern about a lack of transparency on the part of the agency that was not responsible for
conducting the particular round of review in question. The burden placed on Principal
Investigators who are asked to convert proposals from one format to another can be
significant. A more standardized system and format for application and review would be
greatly appreciated by everyone involved with the EID program.

Similarly, once proposals are funded, there is currently no common reporting system used
between NIH and NSF to track program accomplishments. NIH requires all Principal
Investigators to submit annual progress reports, while continued NSF funding is not
necessarily contingent on the receipt of an annual report. The content of the progress
reports to both agencies can also vary in quality and detail, with more emphasis often given
to reporting on use of funds than documentation of scientific and other accomplishments.
As progress reports can be an extremely rich source of information for program planning,
they should be standardized and expanded:

Recommendation 6: The EID program should require standardized, annual
progress reports that include scientific progress and metrics of success.

Again, while standardization of reporting procedures across agencies would involve a great
deal of effort and approval at a very high level, this is a goal towards which the agencies
should aspire. In the meantime, the program officers could collect or standardize certain
program-specific data. For instance, under the current reporting system, information
regarding key personnel is collected in a disparate manner from NIH and NSF Principal
Investigators. NSF has a clear definition as to what constitutes “key personnel,” whereas
NIH has no specific definition, making it difficult to collect consistent, program-wide
information about exactly who works on EID projects. In order to document the
achievements and to further encourage a unified, cohesive program, an EID-specific set of
data should be systematically collected. Ata minimum, metrics such as program
accomplishments and success stories, number of publications attributable to the grant,
number of students involved, breadth and depth of disciplines represented, and
translational impacts should be reported for all EID projects.

In addition to a unified reporting system, the program officers should consider promoting
data and sample sharing between all EID projects:
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Recommendation 7: The EID program should develop procedures that promote
data and sample sharing. At a minimum, proposals should provide plans for how
data and samples will be shared and stored.

As discussed at the May 17, 2005, Heads of International Research Organizations (HIRO)
Brainstorming Meeting on the Ecology of Infectious Diseases, high-quality human and
animal population and epidemiologic data are scarce and insufficiently shared. It is not
entirely clear to what extent this scarcity results from unwillingness to share data or a lack
of opportunity to do so, although Principal Investigators interviewed during this review
seemed generally amenable to data sharing. While the EID program does not currently
have sufficient resources to facilitate data sharing itself, requiring applicants to present
plans for data and sample sharing might help to institutionalize data sharing into the
culture of an emerging field of interdisciplinary research. Additionally, both NIH and NSF
currently have some data-sharing mechanisms in place; it might be possible to tie in EID-
related data-sharing with existing efforts.

Finally, in the interest of providing Principal Investigators with the resources they need to
adequately identify opportunities, assemble interdisciplinary teams, and collect preliminary
data, additional funds should be available for planning:

Recommendation 8: Planning Grant opportunities should be available.

Several of the Principal Investigators interviewed mentioned that they were initially
unsuccessful in their application to the EID program because the reviewers felt that they did
not have any preliminary data from which to begin or they did not yet have all of the
members of an appropriate interdisciplinary team assembled. In special cases, NSF has
made small planning grants available to prospective EID Principal Investigators that
enabled them to collect preliminary data and begin building a team. This practice has
helped to develop and nurture particularly innovative projects that would not otherwise
have been funded, and the results have been well worth the relatively small cost.

V. Partnerships

The EID program is a valuable model for interagency cooperation. EID research questions
are situated at the intersection of agency missions, and it is very much to the credit of the
program officers and the original partner agencies that they were able to recognize the need
and find a way to bridge the gap. In fact, in part as a result of this success, the FIC program
officer has recently been named to lead an NIH working group on interagency
collaboration. As one of the first examples of successful interagency collaboration, it is
hoped that the lessons learned from the EID program can help smooth the way for future
cooperation.

However, while the spirit of collegiality and goodwill that was apparent among all of the
past and present program partners interviewed at NIH and NSF was impressive, it was
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clear that some of the partnerships were not as strong as they could have been, whereas
other partnerships that could potentially yield mutual benefits had not yet been explored:

Recommendation 9: Given its inherently interdisciplinary nature, the EID
program should continue to evolve as a model for interagency cooperation.

Consistent with the NIH Roadmap, the EID program should pursue opportunities

for substantive participation of other institutional partners across the NIH
(NIAID, NIGMS, and NIEHS) and the NSF (Geosciences and Social, Behavioral,

and Economic Sciences).

FIC was clearly instrumental in the creation of the EID
program and continues to serve as the program’s primary
administrator and advocate at NIH. Other current partners
at NIH include NIAID and NIEHS, while NIGMS had a role
in the creation of the program but has not contributed
funding. Several of the NIH partners interviewed
mentioned that FIC has long been a leader at NIH in terms
of building partnerships Across NIH Institutes. In light of
the NIH Roadmap’s emphasis on interdisciplinary research
and the considerable overlap between the mission of the EID
program and several of the NIH Institutes, efforts should be
made to overcome any existing administrative and cultural
barriers to collaboration.? Furthermore, as noted elsewhere
in the report, the EID program has not yet managed to fully
engage the biomedical community. Expanded support from
institutes at NIH that typically support such research could

“There is a need for the
ecology community to
be involved in
biodefense, but there are
some cultural gaps that
need to be closed before
it can happen.
Specifically, the
ecological community
has to have more direct
involvement with the
public health
community.”

-EID Expert

potentially help to increase its visibility and desirability in the biomedical research

community.

At NSF, the current partners are the Biological Sciences Directorate and the Geosciences

Directorate. While continued interest in participation by the Biological Sciences Directorate
appears to be strong, continued support from the Geosciences Directorate is less certain. In
part, this appears to be due to a perceived lack of a component to the EID research projects
that advances cutting edge research in geoscience disciplines; one interviewee described the
role of the geoscientists on existing EID projects as supportive rather than substantive.
Encouragingly, however, the same interviewee stated that there were many unexploited
opportunities for EID research in the geosciences that would be innovative and might move
the field forward. Examples of related topics given included:
* The dynamics of airborne and waterborne transport of pathogens;
* The implications for infectious disease of changes in geomorphology and land
surface;
* Paleogeology and environmental history as they relate to disease evolution;
* Soils as substrates for microbial ecology associated with infectious disease; and
* The effect of climate change on movement or migration of vector and host
populations.

> For details on the NIH Roadmap, see: http:/nihroadmap.nih.gov/
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This interviewee believed that more outreach to the geosciences community might raise
interest and awareness of these opportunities and encourage them to develop projects
directed or significantly influenced by questions of fundamental importance to geoscience.

In addition to strengthening existing partnerships and exploring new ones within NIH and
NSF, there is a need for outreach to other federal agencies with research, surveillance, or
regulatory mandates that may complement the needs of the EID program:

Recommendation 10: The EID program should facilitate opportunities for
coordination and collaboration with federal agencies with capacity for prediction
and prevention of epidemic diseases including: Centers for Disease Control and
Prevention (CDC), Department of Defense (DoD), Department of Agriculture
(USDA), National Oceanic and Atmospheric Administration (NOAA), United
States Geological Survey (USGS), National Atmospheric and Space
Administration (NASA), United States Environmental Protection Agency (EPA),
and Department of Homeland Security (DHS).

While most of these agencies have limited funding available for extramural research on this
topic, there are opportunities for synergy in data and resource sharing, translational
research, and exchange of expertise. Several of the EID projects already involve key
personnel from CDC and USGS, and there is evidence that the collaborations have been
fruitful. In the case of three EID projects focused on pathogens considered to be high risk
for bioterrorism, a CDC laboratory has been extensively involved because it was the only
lab that was certified to handle the agents in question at the time of the award. An
interviewee from CDC also described one instance where EID research on hantavirus
ecology has had a significant impact on helping the agency to allocate scarce surveillance
resources.

It should also be noted that USGS, USDA and NASA have all been listed as collaborators in
earlier versions of the EID program Solicitation and Requests for Applications. The extent
to which these agencies are willing to participate at an institutional level is unclear.
However, it was believed that a renewed emphasis on officially sanctioned collaboration
might help to spark additional interest among current program participants, new
applicants, and agency personnel.

VI. Communication

As the program is still relatively new, additional efforts should be made to increase
awareness of and communication about the EID program. In particular, outreach efforts are
needed to potential partners at NIH and NSF; relevant scientific communities; and to local
health officials. Increased visibility for the program might potentially help to bring in new
funding sources and talent pools while simultaneously magnifying the impact of the
program. As one Principal Investigator interviewee put it, awareness “is like an infection -
it is starting out slowly, but will eventually snowball - we need to get the key players
involved early in the game.”
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“I am a community ecologist and I'm
having the opportunity to work with
medical entomologists and microbial
biologists - these interdisciplinary
interactions between disparate areas
are extremely valuable. Some of the
technology that was once intimidating
to an ecologist now becomes much
more comfortable on a day-to-day
basis. This type of interaction should
be encouraged further”

-EID Principal Investigator

Recommendation 11: As an especially
creative new program, the visibility of the
EID program and the discipline of infectious
disease ecology should be raised in relevant
scientific communities.

Of particular concern is that the EID program may
not be engaging the relevant biomedical
communities to the fullest extent possible.
Although there are exceptions, an imbalance was
noticed between the quality of key personnel
involved on the ecology end as opposed to the

biomedical researchers. In general, the ecologists
are more likely to be experienced investigators with outstanding credentials while the
biomedical researchers tend to be capable but less experienced. It would be beneficial for
NIH and NSF to find ways to bridge the gap between the two communities and facilitate
interactions, perhaps by funding meetings or symposia. To some extent, NSF is already
attempting to do this, but interdisciplinary symposia on EID issues remain scarce.

In addition to increasing outreach to communities and investigators who currently do not
participate, there is also a need to improve communication among researchers within the
EID program. In particular, communication should also be facilitated between researchers
working on different projects:

Recommendation 12: The EID program should nurture the development of a
community of scientists interested in the ecology of infectious diseases.
Interactions between EID investigators - at all levels of training and experience -
should be facilitated.

Many grantees interviewed conveyed considerable satisfaction with their participation in
the annual EID program meeting. Some interviewees stated that they particularly benefited
from the formal training they received during these meetings in subject areas such as
modeling, while others described the connections they made with other investigators as
beneficial. In one case, a Principal Investigator working on schistosome-related illness in
one area of the world described explicitly exchanging data and ideas with EID researchers at
the meeting that were working on the same disease in a different location. These
researchers continue to communicate regularly, with apparent mutual benefit to both
projects.

When asked whether the annual meetings could be improved, however, some Principal
Investigators expressed a desire that more time should be scheduled for informal
discussion. Increased informal discussion is likely to benefit all program participants, but
the potential benefit to students and junior scientists might be the greatest. In particular,
given the importance of training truly interdisciplinary professionals, young scientists
should be encouraged to attend. One suggestion was that the EID program might sponsor a

20



competition each year with travel awards for 6 to 10 undergraduates, graduate students,
and post-doctoral researchers. The successful applicants would have submitted abstracts
for presentations/posters at the meeting, and could be judged by a panel of rotating
membership consisting of program Principal Investigators.

In addition to informal networking opportunities, EID should explicitly incorporate
activities that foster cross-training and capacity-building for the investigators, their
students, and other collaborators. For example:
* Modelers should spend time in the field in order to become intimately familiar with
the data s/he inputs into a model;
* Field biologists and lab personnel should be exposed to the basic analytical methods
of modeling; and
* Epidemiologists should be encouraged to understand the basic principles of the
other disciplines represented in the research project.
In other words, one of the major outcomes of the program should be the creation of a cadre
of investigators who are well-versed in the language of the different disciplines that define
infectious disease ecology. The ultimate aim should be to integrate several disciplines and
establish the ecology of infectious diseases as a transdisciplinary research area that can
address the issues of infectious diseases in ways that were not previously possible. Such an
achievement would represent one important measure of success of the EID program.

Facilitating such cooperation between interdisciplinary and multi-national teams takes a
considerable amount of time. Based on interviews with program participants, a minimum
of five years is required to get all participants to “speak the same language,” cooperate as a
team, and to collect the necessary data to parameterize the models:

Recommendation 13: Because interdisciplinary and international studies often
require a substantial start up time and long-term follow up, a longer funding
period is essential to maximize productivity and return on investment.

Finally, there should be increased communication with the local governments and health
agencies. Potential benefits include increased opportunity for rapid adoption of
interventions, increased access to study sites and populations of interest, and increased
capacity to tap into local knowledge about ecologies and disease dynamics that may be
useful in generating hypotheses. In order to facilitate public health impacts, it is crucial to
get buy-in from local government agencies. Where possible, EID Principal Investigators
should make an effort to involve local stakeholders in the project planning and
implementation stages. The potential for tangible public health impacts increases markedly
when research is not conducted in isolation. While these opportunities may be most critical
for the projects with international field sites, they apply to US research as well.

Recommendation 14: Where possible, projects should be developed in
cooperation with local health agencies.

It should be noted that collaboration with local officials and/or populations is already

taking place in several EID projects. One Principal Investigator has already begun
transitioning the work he initiated under the EID program to the local government in South
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Africa. This involvement of local officials has increased the impact of the project and has
ingrained the project within the community. At least 3 other Principal Investigators
working in Belize, Malaysia, and on Lake Malawi also described interaction with local

populations and public health officials.

“This program has given me a boost in
terms of my own research activities,
interests, and enthusiasm - it has also
broadened my horizons in terms of what
journals I read. This is one of the most
important and innovative projects to come
down the pipeline at NIH or NSF for a
very long time. This program has the
potential for a very high level of
productivity to really lead the field for the
next 10-15 years.”

-EID Principal Investigator

Evidence for Scientific Outputs

VIl. Results

With just over four years of research completed
as part of the EID program, it is too early to
expect outcomes and impacts on par with more
established research programs. Nevertheless,
initial evidence of progress was found in the
areas of scientific accomplishments, capacity
building, and public policy. For the most part,
this evidence is drawn from two sources:
analysis of publications and anecdotal evidence
from the interviews conducted by the panel.

Initial publication information was provided by the program officers at NIH and NSF in the
form of database of publications from 2000-2003 and was supplemented with information
from annual program progress reports. Because complete information was not available for
all projects, the publication data almost certainly underestimates the actual research output.
The 27 projects for which publication information was available have published a total of
228 journal articles, 95 abstracts, and 11 book chapters in the last 5 years (Appendix E). As
would be expected, the grantees who began their work in 2000 and 2001 have published
more prolifically than the more recent grantees.

Grantees published in a total of 113 different international, peer-reviewed journals. Among
them are prestigious journals of broad scientific interest (e.g., Nature), infectious disease and
public health journals (e.g., The Lancet Infectious Diseases, Emerging Infectious Disease,
Environmental Health Perspectives), and top ecology journals (e.g., Ecology, Ecological
Applications, Behavioral Ecology).

Although the EID program appears to be on track to produce research at the leading edge of
discovery, it was deemed too early to look for evidence of new scientific principles
emerging from the program. However, there were two projects that appear particularly
promising in this regard. There are early indications that the first, focused on a parasitic
disease of coral reefs, may be among the first studies to conclusively demonstrate that
climate is a driver for infectious disease in marine ecosystems. The same project has also
adapted an RNA-based biosensor for field diagnostics of the Aspergillus pathogen.

The second particularly promising project focuses on the microbial diversity and
community ecology of the tick gut. The researchers have demonstrated that the community
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composition of gut microflora varies in ticks taken from opposite sides of a valley. This
suggests that environmental factors may influence the prevalence of tick-borne microbial
parasites. As far as the Principal Investigator was aware, this project is one of the first to
demonstrate both the microbial complexity of the tick gut and the possible importance of
ecological factors external to the tick itself in determining the prevalence of pathogens.

Evidence for Capacity-Building Outcomes

Although EID is not a training program, it has considerable potential for impact with
respect to capacity building, especially in the area of human capital. The interdisciplinary
nature of the research increases the likelihood that participants will be exposed to a field of
research in which they do not already have expertise. The EID program has also helped to
train at least 208 students at the undergraduate, graduate, and post-doctoral levels (Table 2).

Table 2: Total Number of Students Trained on EID Projects, 2000-2004*

ot | o | e | o numeer
NIH 12 8 7 27
NSF 30 82 69 181
Total Number 42 90 76 208

*Note: These counts were derived exclusively from data available in annual progress reports, which are not complete for all
years and all projects. Data on students were available for only 28 of 34 projects, and the degree of completeness for these 28
projects is unknown. Reporting requirements are also inconsistent between NIH and NSF. Accordingly, these counts
likely underestimate the true number of students who have been involved with EID grants.

Qualitative accounts of training and capacity development impacts were received from
interviewees. For instance, one EID Principal

Investigator stated that one of her minority PhD students | “This program is starting to
had recently applied for and received a KO8 Mentored build research capacity-
Clinical Scientist Development Award from NIH-NIAID | pecause of EID, there will
to develop mathematical models that explore how be some people who are
chronic infections are maintained in wildlife reservoirs.6 prepared to deal with a
The project had no direct human disease component at hoof and mouth outbreak,
all; instead, it was proposed as basic model that could be | or 3 new hantavirus....”
applied to human disease. The Principal Investigator -EID Principal Investigator
was convinced that the parent EID grant played a large

role in getting this funding.

Another EID Principal Investigator stated that the program has allowed him to train his
students in new disciplines and also draw entirely new talent into his group. Prior to the
start of his EID award, the graduate students in his Environmental Sciences program had

6 The purpose of the Mentored Clinical Scientist Development Award (K08) is to support the development of
outstanding clinician research scientists. This mechanism provides specialized study for individuals with a
health professional doctoral degree committed to a career in laboratory or field-based research. For more
information, please see the Program Announcement at http://grants.nih.gov/grants/guide/pa-files/PA-00-
003.html (accessed 8/2/05).
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primarily been interested in wildlife. Through EID, these students are now exposed to
epidemiological training. Several biophysics and structural biologists have joined his group
because of EID.

Evidence for Policy Impacts

There was preliminary evidence of policy impacts in two areas: adoption of novel
interventions on a local scale and use of models by government agencies for the purpose of
allocating scarce public health resources. Examples of new interventions that emerged from
research conducted under the EID program and have already been implemented to a greater
or lesser extent at the local level include the following:

e In Belize, researchers funded by the EID program have been working with public
health officials to alter agricultural practices and local vegetation in order to limit the
spread of malaria.

e In Malaysia, researchers funded by the EID programhave demonstrated that
elimination of fruit trees from certain areas of land used for pig farming can limit
exposure to Nipah virus.

e On Lake Malawi, Africa, researchers funded by the EID programhave been working
with public health officials and directly with local fishermen to alter fishing practices
in order to reduce exposure to schistosomes.

One outstanding example of direct policy impact emerged from an interview with a CDC
employee listed as key personnel on three EID Awards. When asked about the impact of
the research he had been involved with, he mentioned that a model of hantavirus ecology
developed through an EID program project had been adopted directly by CDC to help in
allocating scarce surveillance resources. This story suggests that the models developed
under this program may be directly linked to increasing the efficiency of the public health
infrastructure in the US.

VIIl. Conclusion

Discovery of the principles governing relationships between ecological disturbances and
transmission of infectious agents-- and utilization of the principles to develop predictive
models of epidemics - can be seen a key component in our national biosecurity effort.

The review panel concluded that in its first five years the NIH-NSF EID program has been
highly successful in achieving program goals. The program has developed innovative
approaches to some of the 21st century’s most critical environmental and health challenges,
while fostering a cadre of interdisciplinary scientists versed in multiple scientific disciplines.
The EID program uniquely fills a critical gap in our national effort protect the health of the
public - both in the USA and world-wide - against the threat of epidemic and emerging
infectious diseases. The fourteen recommendations of the review panel discussed above
offer strategies to further strengthen this important program.
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Appendix A: Letter to Chair
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September 7, 2005

Donald S. Burke, M.D., Professor and Associate Chair
Department of International Health

Bloomberg School of Public Health

Johns Hopkins University

Room E5527

615 North Wolfe Street

Baltimore, Maryland 21205-1901

Dear Dr. Burke:

We want to express our thanks for the comprehensive and thoughtful report of your panel
entitled “Review of the Joint National Institutes of Health / National Science Foundation
Ecology of Infectious Disease Program.” This review, taken in conjunction with an
excellent session on the same topic held under the auspices of the Heads of
International Research Organizations, will provide the framework for future research in

this cutting edge, interdisciplinary area.

It is our intention to use your report’s recommendations to help guide us as we rewrite
the program announcement for the Ecology of Infectious Disease competition. It was
particularly gratifying that the panel recognized the extensive research accomplished
thus far under this relatively young program. Both agencies are pleased that their
sizable contributions to this endeavor have had substantive results. Equally satisfying
was the panel’s recognition of the key roles played by the NSF and FIC/NIH program
officers in forging this unique partnership which has clearly paved the way for
achievement in this field both nationally and internationally.

We are aware of the time commitment required by these reviews and greatly
appreciate your lending both your expertise and time to assist us in the important area
of evaluating our programs.

Again, thank your for all your work!

71

Sincerely,

/] .
//1&4’7&_\

Sharon Hrynkow, Rh.D. Mary E. Clutter, Ph.D. Margaret Leinen, Ph.D.
Acting Director /, Assistant Director Assil t Director
Fogarty International Directorate for Directorate for

Center Biological Sciences Geosciences

National Institutes of

Health
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Appendix B: Review Panelist Profiles

Joseph E. Bunnell, Ph.D. is a Research Biologist at the United States Geological Survey.
At the USGS, Dr. Bunnell is involved with a number of public health science activities in
the US and abroad He also serves as Adjunct Assistant Professor, Environmental and
Occupational Health at the George Washington University School of Public Health. His
research includes conducting GIS analysis of Lyme disease; contributing to Chinese
residential coal combustion studies; leading research project of respiratory health effects
of coal combustion-derived air pollution in the Navajo Nation; designing experiments to
identify etiology of Balkan endemic nephropathy; acting as a liaison between USGS and
NIH, NIEHS, CDC, WHO, NASA, DoD, state and local public health organizations, and
university medical research and environmental science departments. He worked as a
Lecturer of Chemistry at Texas A&M University, and completed a post-doctoral
fellowship at the University of Texas Medical Branch, World Health Organization
Collaborating Center for Tropical Medicine on an NIH training grant. He obtained his
Ph.D. in Molecular Microbiology and Immunology from the Johns Hopkins University
School of Public Health in 1999, his M.S. in Entomology from Montana State University
in 1995, and his B.A. in Biology from the University of California at Santa Cruz in 1987.

Donald S. Burke, M.D. is Professor and Associate Chair at the Department of
International Health, Bloomberg School of Public Health, Johns Hopkins University. He
is also Director of the Center for Immunization Research and the Graduate Degree
Program in Disease Prevention and Control at the Bloomberg School of Public Health.
His current research includes ongoing work to conduct clinical trials of new vaccines
against a wide range of infectious pathogens including HIV/ AIDS and measles. He is
Principal Investigator on a project to develop of mathematical models of associations
between weather and climate and infectious diseases, especially dengue in Thailand.

James P. Collins, Ph.D. is currently Virginia M. Ullman Professor of Natural History
and Environment in the newly created School of Life Sciences at Arizona State
University. From 1989 to 2002 he was Chairman of the Zoology, then Biology
Department. In 1983 Dr. Collins was Visiting Professor at Duke University, and served
as Director of the Population Biology and Physiological Ecology program at the National
Science Foundation (NSF) in 1985-86. Dr. Collins's research centers on understanding
the origin, maintenance, and reorganization of morphological variation within species.
Amphibians, especially salamanders, are used as model organisms for field and
laboratory studies of the ecological and evolutionary forces shaping intraspecific
variation and how this variation affects population dynamics. A special focus of the
research is host-pathogen biology and its relationship to the global decline of
amphibians; Collins heads an international team of 26 investigators studying this issue
under two grants from NSF's Integrated Research Challenges in Environmental Biology
program. The intellectual and institutional factors that have shaped Ecology's
development as a science are also a focus of Dr. Collins's research.
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Stephen S. Morse, Ph.D. is Director of the Center for Public Health Preparedness at the
Mailman School of Public Health of Columbia University and a faculty member in the
Epidemiology Department. Dr. Morse recently returned to Columbia from 4 years in
government service as Program Manager at the Defense Advanced Research Projects
Agency (DARPA), Department of Defense, where he co-directed the Pathogen
Countermeasures program and subsequently directed the Advanced Diagnostics
program. Before coming to Columbia, he was Assistant Professor (Virology) at The
Rockefeller University in New York, where he remains an adjunct faculty member. Dr.
Morse is the editor of two books, Emerging Viruses (Oxford University Press, 1993;
paperback, 1996) and The Evolutionary Biology of Viruses (Raven Press, 1994). He
currently serves as a Section Editor of the CDC journal "Emerging Infectious Diseases"
and was formerly an Editor-in-Chief of the Pasteur Institute’s journal "Research in
Virology". Dr. Morse was Chair and principal organizer of the 1989 NIAID/NIH
Conference on Emerging Viruses (for which he originated the term and concept of
emerging viruses/infections); served as a member of the Institute of Medicine-National
Academy of Sciences' Committee on Emerging Microbial Threats to Health (and chaired
its Task Force on Viruses), and was a contributor to its report, Emerging Infections
(1992); was a member of the IOM’s Committee on Xenograft Transplantation; currently
serves on the Steering Committee of the Institute of Medicine's Forum on Emerging
Infections, and has served as an adviser to WHO (World Health Organization), PAHO
(Pan-American Health Organization), FDA, and other agencies. He is a Fellow of the
New York Academy of Sciences and a past Chair of its Microbiology Section. He was the
founding Chair of ProMED (the nonprofit international Program to Monitor Emerging
Diseases) and was one of the originators of ProMED-mail, an international network
inaugurated by ProMED in 1994 for outbreak reporting and disease monitoring using
the Internet.

Lee Riley, M.D. is Professor of Epidemiology and Infectious Diseases at the University
of California Berkeley School of Public Health. His main research interests are bacterial
pathogenesis and molecular epidemiology of infectious diseases of international
importance. The main theme of his laboratory program is the identification of molecular
basis for disease transmission. His laboratory currently studies Mycobacterium
tuberculosis, which causes tuberculosis; Salmonella enteritidis, which causes foodborne
disease associated with egg products; Leptospira, which causes leptospirosis in urban
centers of many developing countries; and Escherichia coli associated with urinary tract
infection. In addition to his laboratory research, he conducts field research abroad,
including Brazil, India, and Czech Republic. He is a director of the FIC Program in
International Training and Research in Global Infectious Diseases, which trains scholars
from Brazil.

Estelle Russek-Cohen, Ph.D. is a Team Leader in the Diagnostics Branch, Division of
Biostatistics, FDA Center for Devices and Radiological Health. She retired from the
University of Maryland, College Park in 2004 where she was a Professor of Animal and
Avian Sciences and Director of the UM Biometrics Program. Her methodological
interests within Biometrics include linear and nonlinear mixed models and high
dimensional classifiers. She worked on collaborative research projects with
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entomologists, ecologists and microbiologists as well as scientists in many other
disciplines. She was part of an EPA funded project on climate and disease and part of an
NIH funded project related to Cholera in Bangladesh. She was a member of the editorial
board of Environmental Monitoring and Assessment for 10 years. She participated in the
original workshop in 1999 to develop recommendations for the initial EID RFA and
served on the first three review panels as a reviewer.

Juli Trtanj, M.E.M. is Director of the Oceans and Human Health Initiative at the
National Oceanic and Atmospheric Administration. She has a longstanding interest in
issues of environmental conservation and development and the use of earth science
information for public health policy and decision-makers. Ms. Trtanj was the Manager of
NOAA'’s Climate Variability and Health Program and has also worked on Capitol Hill.
Her research interests include climate change, common resource management,
international relations, ocean and coastal issues, and the policy sciences. She earned her
Masters in Environmental Management from Yale University School of Forestry and
Environmental Studies, and her Bachelors in Environmental Science from the University
of California, Santa Barbara.
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Appendix C: List of All Recommendations

Recommendation 1: NIH and NSF should continue and expand the EID
program.

Recommendation 2: The EID program should add a special emphasis on those infectious
diseases that are serious pandemic threats

Recommendation 3: The EID program should foster translational research in
order to develop public health interventions based on research findings.

Recommendation 4: Key programmatic elements that should be continued
include: ecology, epidemiology, field studies, dynamics in reservoir species,
modeling, and public health. A new emphasis should be put on evolutionary
ecology and microbial genomics. The program should encourage but not require
an emphasis on anthropogenic change.

Recommendation 5: Proposal application and review should be streamlined into
a single process for interagency submissions.

Recommendation 6: The EID program should require standardized, annual
progress reports that include scientific progress and metrics of success.

Recommendation 7: The EID program should develop procedures that promote
data and sample sharing. At a minimum, proposals should provide plans for
how data and samples will be shared and stored.

Recommendation 8: Planning Grant opportunities should be available.

Recommendation 9: Given its inherently interdisciplinary nature, the EID
program should continue to evolve as a model for interagency cooperation.
Consistent with the NIH Roadmap, the EID program should pursue
opportunities for substantive participation of other institutional partners across
the NIH (NIAID, NIGMS, and NIEHS) and the NSF (Geosciences and Social,
Behavioral, and Economic Sciences).

Recommendation 10: The EID program should facilitate opportunities for
coordination and collaboration with federal agencies with capacity for prediction
and prevention of epidemic diseases including: Centers for Disease Control and
Prevention (CDC), Department of Defense (DoD), Department of Agriculture
(USDA), National Oceanic and Atmospheric Administration (NOAA), United
States Geological Survey (USGS), National Atmospheric and Space
Administration (NASA), United States Environmental Protection Agency (EPA),
and Department of Homeland Security (DHS).
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Recommendation 11: As an especially creative new program, the visibility of the EID
program and the discipline of infectious disease ecology should be raised in relevant
scientific communities.

Recommendation 12: The EID program should nurture the development of a
community of scientists interested in the ecology of infectious diseases. Interactions
between EID investigators - at all levels of training and experience - should be
facilitated.

Recommendation 13: Because interdisciplinary and international studies often require a
substantial start up time and long-term follow up, a longer funding period is essential to

maximize productivity and return on investment.

Recommendation 14: Where possible, projects should be developed in cooperation with
local health agencies.
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Appendix D: Supplementary Program Data

Table D1: Complete List of EID Awards, 2000-2004

Start Agency Principal Investigator Full Grant Title Disease Focus
Year Name
Unnasch, Thomas R. Ecology Of Encephalitis Virus In The Southeastern USA Encephalomyelitis virus
Weaver, Scott Effect Of Neotropical Deforestation On Arbovirus Ecology Alphavirus
NIH Rejmankova, Eliska Environmental Determinants Of Malaria In Belize Malaria
King, Charles H. Human Population Growth Impact On S. Haematobium Urinary schistosomiasis
Craig, Philip S. Parasitic Zoonosis (Echinococcosis) Transmission In China Human alveolar echinococcosis
2000 McGarvey, Stephen T. Ecology And Transmission Of S. Japonicum: Philippines Schistosoma japonicum
Getz, Wayne Metapopulation Models and Control of TB in African Buffalo Bovine Tuberculosis
Hobbs, N. Thompson Spatial & Temporal Dynamics of_Prlon Disease in Wildlife: Chronic Wasting Disease
NSF Responses to Changing Land Use
Dhondt, Andre Dynamics of an Emerging Pathogen in an Introduced Host Mycoplasma
Lowenstine, Linda Ecology of Herpesvirus Infection and Cancer in Sea Lions Herpesvirus/ Cancer
Bowen, Richard Ecology of Virus Transmission in Commensal Bat Colonies Rabies
Briggs, Cheryl J. Amphibian Disease Dynamics in a Fragmented Landscape Chytridiomycosis
NIH Kitron, Uriel Ecoepidemiology of Chagas disease in northwest Argentina Chagas disease
Vinetz, Joseph Leptospirosis Transmission in the Peruvian Amazon Leptospirosis
Daszak, Peter Anthropogenic change & emerging zoonotic paramyxoviruses Hendra virus and Nipah virus
2002 Collinge, Sharon Landscape Effects on Disease Dynamics in Prairie Dogs Plague
Kuris, Armand Michel Anthropogenic effects on host-trematode dynamics Trematodes
NSE Brown, Mary URTD & Environmentally-Threatened Gopher Tortoises Mycoplasma
Stauffer Jav R Schistosomiasis: Ecological Interactions Among Schistomes, Schistosomiasis
3y Snail Hosts, Human Hosts & Fish Predators
Packer, Craig Viral Transmission Dynamics in the Serengeti Rabies, CPV, CDV
Collaborative Research: Origins and Spread of the
2003 NSF Harvell, (Catherine) Drew | Aspergillus-Gorgonian Coral Epizootic: Role of Climate and Aspergillosis
Environmental Facilitators
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Start Agency Principal Investigator Full Grant Title Disease Focus
Year Name
How Social Organization Influences An Infectious Process:
Naug, Dhruba The Honey Bee Colony As A Model N/A
Yates. Terrv L Ecological Drivers of Rodent-borne Disease Outbreaks: Hantavirus, Plague and
' y Trophic Cascades and Dispersal Waves. Bartonella
Clay, Keith Microbial Community Ecology of Tick-Borne Human Lyme Disease, others
Pathogens
Antolin, Michael Plague as a model for low pre_valence/eplzootlc disease Plague
dynamics
Impacts of anthropogenic change on the ecology of human
Crawford-Brown, Douglas pathogens in a eutrophying estuary: the Neuse River estuary, Various bacteria
NC
NIH Jonsson, Colleen Impact Of Land Cover Change On Hantavirus Ecology Hantaviruses
Dearing, M. Denise The Effect of Anthropogemc Disturbance on the Dynamics of Sin Nombre Hantavirus
Sin Nombre
Hungerford, Laura Modeling Ecology, Dynamics a_nd Spatial Spread of Raccoon Rabies
Rabies
Ward, J. Evan Linking Marlne_ Pathogens to M_olluscan Shellfish: The Shellfish Pathogens
200 Ecological Role of Marine Aggregates
4 — —— - .
NSF Kitron, Uriel West Nile virus: Eco-epidemiology of disease emergence in

urban areas

West Nile Virus

Pascual, Mercedes

The interplay of extrinsic and intrinsic factors in
epidemiological dynamics: cholera as a case study

Cholera

Smith, Thomas

Effects of Deforestation on the Prevalence of Blood-Borne
Pathogens in African Rainforest Birds

Malaria, Trypanosomiasis,
Filiariasis, and Tuberculosis

McCracken, Gary

Ecological Influences on Rabies Infections in Bats

Rabies
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Table D2: Number of EID Awards by Location of Study Site, 2000-2004

Location NIH NSF Total Number of Grants
United States 2 17 19
International 9 6 15
Total Number of Grants 11 23 34

Table D3: Number of EID Awards by Focal Pathogen Type, 2000-2004

Pathogen Type NIH NSF | Total Number of Grants
Viral (including prions) 4 8 12
Bacterial 1 8 9
Parasitic (Protists and Multicellular) 6 3 9
Not Specified 0 2 2
Bacterial and Viral 0 1 1
Parasitic and Bacterial 0 1 1
Total Number of Grants 11 23 34

Table D4: Number of EID Awards by Ecosystem Type, 2000-2004

Ecosystem Type NIH NSF | Total Number of Grants
Terrestrial 10 17 27
Wetland, Coastal or Freshwater 1 4 5
Marine 0 2 2
Total Number of Grants 11 23 34

Table D5: Number of EID Awards by Use of Human Subjects, 2000-2004

Involves Human Subjects? NIH NSF | Total Number of Grants
Yes 7 2 9
No 4 21 25
Total Number of Grants 11 23 34
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Appendix E: List of Program Publications

Note: Initial publication information from 2000-2003 was provided by the program
officers at NIH and NSF. This database was supplemented with information from the
grantee’s progress reports (self-reported information). Because complete information
was not available for all grantees, the publication data should be viewed as an under[’
estimate. As the publication data was self-reported by the individual PlIs, it is possible
that they included some citations that are not entirely attributable to their EID grant.
Alternatively, PIs may not have included all publications that should be attributed to
EID. It should also be mentioned that some of the publications presented are submitted,
or in press, but have been included to illustrate the full range of journals represented.

Journal Articles

Abbasi I, Branzburg A, Campos-Ponce M, Abdel Hafez SK, Raoul F, Craig PS, Hamburger J.
Copro-diagnosis of Echinococcus granulosus infection in dogs by amplification of a newly
identified repeated DNA sequence. Am | Trop Med Hyg. 2003;69(3):324-30.

Abramson G, Giuggioli L, Kenkre VM, Dragoo ], Parmenter B, Parmenter C, Yates T. Diffusion
and Home Range Parameters of Rodents II: Peromyscus maniculatus in New Mexico. Ecological
Complexity. 2004; submitted.

Achee NL, Grieco JP, Andre RG, Roberts DR, Rejmankova E. A mark-release-recapture study
utilizing a novel portable hut design to define the flight behavior of Anopheles darlingi in Belize,
Central America. | Med Entomol. 2004; in prep.

Achee NL, Grieco JP, Andre RG, Roberts DR, Rejmankova E. An evaluation of overhanging
bamboo as a selection criterion for Anopheles darlingi larval breeding habitats in Belize, Central
America. | Med Entomol. 2004; in prep.

Achee NL, Grieco JP, Andre RG, Roberts DR, Rejmankova E. The nightly biting pattern and
seasonal population densitites of Anopheles darlingi in Belize, Central America. ] Vector Ecol. 2004;
in preparation.

Achee NL, Grieco JP, Andre RG, Roberts DR, Rejmankova E. The use of remote sensing and GIS
to define the landscape features associated with Anopheles darlingi larval habitat presence in a
fresh-water river system in Belize, Central America. ] Amer Mosq Cont Assoc. 2004; in prep.

Achee NL, Grieco JP, Andre RG, Roberts DR, Rejmankova E. The use of SPOT and IKONOS
multi-spectral satellite imagery to determine the association between land cover and bamboo
growth, a potential Anopheles darlingi habitat producer, along river margins in Belize, Central
America. Environ Entomol. 2004; in prep.

Aguilar P, Greene I, Coffey L, Moncayo A, Medina G, Anishchenko M, Ludwig G, Turell M,
O'Guinn M, Lee J, Tesh R, Watts D, Russell K, Hice C, Yanoviak S, Morrison A, Guzman H,
Travassos da Rosa A, Guevara C, Kochel T, Cabezas C, Weaver S. Endemic Venezuelan Equine
Encephalities in Northern Peru: Characterization of Virus Isolates. Emerg Infect Dis. 2004; in press.

Aguilar PV, Guevara C, Blair P, Olson J, Weaver SC. Eastern equine encephalities virus: human
exposure and disease in the Amazon basin of Peru. Am | Trop Med Hyg. 2004; in prep.
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Alitzer S, Wesley M, et al. Seasonal dynamics of mycoplasmal conjunctivitis in eastern North
American house finches. Journal of Animal Ecology. 2004; 73:309-322.

Altizer S, Davis AK, Cook KC, Cherry JJ. Age, sex, and season affect the risk of mycoplasmal
conjunctivitis in a southeastern house finch population. Canadian Journal of Zoology. 2004;
accepted.

Angulo SR, Diaz MM. Nuevos registros de Sphaeronycteris toxopyllum para la cuenca
Amazonica de Peru. Mastozoologia Neotropical. 2004; 11(2): 233-236.

Apperson CS, Hassan HK, Harrison BA, Savage HM, Aspen SE, Farajollahi A, Crans W, Daniels
TJ, Falco RC, Benedict M, Anderson M, McMillen L, Unnasch TR. Host feeding patterns of
established and potential mosquito vectors of West Nile virus in the eastern United States. Vector
Borne Zoonotic Dis. 2004 Spring;4(1):71-82.

Balolong E, Carabin H, Fernandez T, Willingham AL, Olveda R, McGarvey ST. Validation of
diagnostic methods to estimate the prevalence and intensity of Schistosoma japonicum infection in
domestic animals, The Philippines: Schistosoma japonicum Transmission & Ecology Project (STEP).
Am ] Trop Med Hyg. 2003; 69 (3): 512.

Baril L, Hill GI. Breeding bird density in an early successional bottomland forest in Alabama.
Southeastern Naturalist. 2003; submitted.

Baxter PW, Getz WM. An African savanna model effects of tree demography, rainfall, fire and
elephants. Ecological Applications. 2003; in press.

Beck ML, Dervan AA, Hill GE. The use of mate guarding and song for paternity assurance in the
House Finch. Behavioral Ecology. 2003; submitted.

Behrens MD, Lafferty KDI. Effects of marine reserves and urchin disease on southern California
rocky reef communities. Marine Ecology Progress Series. 2004;279:129.

Bharti AR, Nally JE, Ricaldi JN, Matthias MA, Diaz MM, Lovett MA, Levett PN, Gilman RH,
Willig MR, Gotuzzo E, Vinetz JM; Peru-United States Leptospirosis Consortium. Leptospirosis: a
zoonotic disease of global importance. Lancet Infect Dis. 2003;3(12):757-71.

Bowen L, Aldridge BM, Gulland F, Woo ], Van Bonn W, DeLong R, Stott JL, Johnson ML.
Molecular characterization of expressed DQA and DQB genes in the California sea lion (Zalophus
californianus). Immunogenetics. 2002 Aug;54(5):332-47. Epub 2002 Jul 4.

Boyle DG, Boyle DB, Olsen V, Morgan JA, Hyatt AD. Rapid quantitative detection of
chytridiomycosis (Batrachochytrium dendrobatidis) in amphibian samples using real-time

Tagman PCR assay. Dis Aquat Organ. 2004;60(2):141-8.

Breed A, Field HE, Plowright R. Volant viruses: a concern to bats, humans and other animals.
Microbiology in Australia. 2004; In press.

Bruno JF, Peters E, Harvell CD, Hettinger. Nutrient enrichment can increase the severity of coral
disease. Ecology Letters. 2003;6:1056.
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Carabin H, Tallo V, Willingham AL, Olveda R, McGarvey ST. Comparison of three methods to
estimate the frequency of water contact in four villages of Samar, The Philippines: Schistosoma
japonicum Transmission & Ecology Project (STEP). Am | Trop Med Hyg. 2003; 69 (3): 523-524.

Caron A, Cross PC. Ecological Implications of Bovine Tuberculosis in African Buffalo Herds.
Ecological Applications. 2003; 1338-1345.

Cecere MC, Vazquez-Prokopec GM, Gurtler RE, Kitron U. Spatio-temporal analysis of
reinfestation by Triatoma infestans (Hemiptera:Reduviidae) following insecticide spraying in a rural
community in northwestern Argentina. Am | Trop Med Hyg. 2004;71(6):803-10.

Chu Y, GonzalezLM, Owen R, Jonsson CB. The complex ecology of hantavirus in Paraguay. Am |
Trop Med Hyg. 2003 Sep;69(3):263-8.

Cleaveland S, Mlengeya T, Kaare M, Haydon D, Laurenson K, Packer C. Carnivore viral disease
studies in the Serengeti. Conservation Biology. 2004; accepted.

Clennon JA, King CH, Muchiri EM, Kariuki HC, Ouma JH, Mungai P, Kitron U. Spatial patterns
of urinary schistosomiasis infection in a highly endemic area of coastal Kenya. Am | Trop Med
Hyg. 2004;70(4):443-8.

Collinge SK, Johnson WC, Ray C, Matchett R, Grensten J, Cully Jr JF, Gage KL, Kosoy MY, Loye
JE, Martin AP. Landscape structure and plague occurrence in black-tailed prairie dogs. Landscape
Ecology. 2005; Accepted.

Collinge SK, Johnson WC, Ray C, Matchett R, Grensten ], Cully Jr JF, Gage KL, Kosoy MY, Loye
JE, Martin AP. Testing the generality of a trophic cascade model for plague. EcoHealth. 2005;
Accepted.

Conner MM, Miller MWI. Spatial epidemiology in natural populations a case study of movement
and prion disease prevalence relationships among mule deer population units. Ecological
Applications. 2004; in press.

Craig P. Echinococcus multilocularis. Curr Opin Infect Dis. 2003;16(5):437-44.

Craig PS, Rogan MT, Campos-Ponce M. Echinococcosis: disease, detection and transmission.
Parasitology. 2003;127 Suppl:S5-20.

Cross PC, Getz WM. Assessing vaccination as a control strategy in an ongoing epidemic Bovine
tuberculosis in African Buffalo. Ecological Modeling. 2003; submitted.

Cross PC, WM Getz. Modeling vaccination of an SEI epidemic in a dispersing and non-randomly
mixing population with application to bovine tuberculosis in African Buffalo. Ecological Modeling.
2003; accepted.

Cupp EW, Klingler K, Hassan HK, Viguers LM, Unnasch TR. Transmission of eastern equine
encephalomyelitis virus in central Alabama. Am | Trop Med Hyg. 2003;68(4):495-500.

Cupp EW, Tennessen KJ, Oldland WK, Hassan HK, Hill GE, Katholi CR, Unnasch TR. Mosquito

and arbovirus activity during 1997-2002 in a wetland in northeastern Mississippi. | Med Entomol.
2004;41(3):495-501.
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Danson FM, Craig P. Landscape Dynamics and Risk Modeling of Human Alveolar
Echinococcosis. Photogrammetric Engineering & Remote Sensing. 2004; 359-366.

Danson FM, Graham A], Pleydell DR, Campos-Ponce M, Giraudoux P, Craig PS. Multi-scale
spatial analysis of human alveolar echinococcosis risk in China. Parasitology. 2003;127 Suppl:S133[]
41.

Daszak P, Cunningham AA, Hyatt AD. Anthropogenic environmental change and the emergence
of infectious diseases in wildlife. Acta Trop. 2001 Feb 23,78(2):103-16.

Daszak P, Cunningham AA, Hyatt AD. Viral emergence in the human-wildlife continuum.
Emergence and Control of Zoonotic Ortho- and Paramyxovirus Diseases. 2001;

Daszak P, Hyatt AD, Cunningham AA, Field H, Gould AR. Henipaviruses: Gaps in the
knowledge of emergence. EcoHealth. 2004;

Daszak P, Tabor GM, Kilpatrick AM, Epstein J, Plowright R. Conservation medicine and a new
agenda for emerging diseases. Ann N'Y Acad Sci. 2004 Oct;1026:1-11.

Daszak P. A predictive approach to emerging diseases. Trends in Ecology and Evolution. 2005; In
preparation

Daszak P. The Genus Henipavirus. Advances in Virus Research. 2005; In preparation

Daszak P. The NIH-FIC Henipavirus group: Examining the rold of anthropogenic changes in the
ecology and emergence of Hendra and Nipah viruses. ] Clin Virol. 2003;

Davis AK, Cook K, Altizer S. Leukocyte profiles in wild House Finches respond to infection with
mycoplasmal conjunctivitis, a recently emerged bacterial disease. EcoHealth. 2004; submitted.

Davis AK, Hotchkiss ER, Cherry JJ, Altizee S. Mycoplasmal conjunctivitis and the behavior of
wild house finches (Carpodacus mexicanus) at bird feeders. Bird Behavior. 2004; submitted.

Davis AK. Trap-biases in relation to age, size and health in a Georgia House Finch population.
Southeastern Naturalist. 2004; submitted.

Davis CT, Beasley DW, Guzman H, Raj R, D'Anton M, Novak R], Unnasch TR, Tesh RB, Barrett
AD. Genetic variation among temporally and geographically distinct West Nile virus isolates,
United States, 2001, 2002. Emerg Infect Dis. 2003;9(11):1423-9. Erratum in: Emerg Infect Dis.
2004;10(1):160.

Dhondt AA, Hochachka WMI. The House Finch Hot Zone -- Citizen Science on the Trail of an
Epidemic. Living Bird. 2001; 72(37).

Diaz MM, Willig MR. Nuevos registros de Glironia venusta y Dideplhus albiventris
(Didelphimorphia) para Peru. Mastozoologia Neotropical. 2004; 11 (2): 185-192.

Diaz MMI, Matthias MA. Leptospiral infection of bats in the Peruvian Amazon. Vector Borne
Zoonotic Dis. 2004; submitted.

Diaz MML. A new record of Glironia venusta (Didephiimorphia, Didelphidae), a rare species from
Peru. Mammalian Biology. 2004;
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Epstein JH, McLaughlin, Smith CS, Field HE, Daszak P. Comparison between Medetomadine and
Medatomadine/ketamine for field restraint of the giant Malaysian fruit bat Pteropus vampyrus.
Journal of Zoological Wildlife Medicine. 2004; Submitted

Epstein JH, Olical KJ, Abdul Rahman S, Smith CS, Daszak P. Satellite telemetry of a volant
mammal - the need for a regional conservation strategy. Conservation Biology. 2004; Submitted

Epstein JH, Prakash V, Smith CS, McLaughlan A, Daszak P, Field HE, Cunningham AA.
Morphometrics and physiologic status of free-ranging Indian Flying fox. Acta Chiropterologica.
2005; In press.

Epstein JH, Prakash V, Smith CS, McLaughlin, Field HE, Daszak P, Cunningham AA. Nipah
virus serology in Pteropus giagnteus bats in India. Emerg Infect Dis. 2004; Submitted

Epstein JH, Smith CS, Field HE, Daszak P. Satellite telemetry of wild fruit bats in Asia and
Australia. ] Mammalogy. 2004; Submitted

Epstein JH. Investigation of the efficacy of Ketamine/xylazine in field restraint of the Malaysian
giant fruit bat. Journal of Zoological Wildlife Medicine. 2004; Submitted

Epstein JH. Serological survey of fruit bats for SARS coronavirus and henipaviruses in China.
Unknown. 2004; In preparation

Evers BN, Madsen H, McKaye KR, Stauffer JR Jr. Prey value of selected gastropod species in
Trematocranus placodon in Lake Malawi. African Journal of Aquatic Sciences. 2004; submitted.

Evers BN, Madsen H, McKaye KR, Stauffer JR Jr. The schistosome intermeidate host, Bulinus
nyassanus, is a preferred food for the cichlid fish, Trematocranus placodon, at Cape Maclear, Lake
Malawi. Annals of Tropical Medicine and Parasitology. 2004; submitted.

Evers BN, Madsen H, McKaye KR. Experimental evidence of female choice in Lake Malawi
cichlids. Copeia. 2005; accepted.

Farnsworth ML, Wolfe LL, Hobbs NT, Burnham KP, Williams EW, Theobald DM, Conner MM,
Miller MW. Human land use influences chronic wasting disease prevalence in mule deer.
Ecological Applications. 2004; accepted.

Faustino CR, Jennelle CS, Connolly V, Davis AK, Swarthout E, Dhondt AA, Cooch EG.
Mycoplasma gallisepticum infection dynamics in a House Finch population: Seasonal variation in
survival, encounter and transmission rate. Journal of Animal Ecology. 2004; accepted.

Faustino CR, Jennelle CS, Dhondt AA, Cooch EG. Effects of Transience on survival probabilities
of a Mycoplasma gallisepticum infected population of House Finches. Journal of Animal Ecology.

2004; submitted.

Field H, Mackenzie ], Daszak P. Novel viral encephalitides associated with bats - host
management strategies. Arch Virol. 2004; 18: S113-121.

Field HE, Plowright RK, Pulliam JR. Dynamics of Nipah virus in pigs during the 1998-9 outbreak
in Malaysia. Unknown. 2004; In preparation
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Field HE. Morphometrics of Dobsonia fruit bats in the Iron range, Australia. Unknown. 2004; In
preparation

Ganoza CA, Collins-Richards D, Gilman RH, Matthias MA, Brouwer KC, Segura ER, Gotuzzo E,
Guerra H, Vinetz JM. Quantitative Real Time Polymerasse Chain Reaction Analysis of
Environmental Surface Waters for Pathogenic Leptospira in the Peruvian Amazon. Am | Trop Med
Hyg. 2005; preparation.

Gerber LR, Lafferty KD, McCallum HI, Sabo JL, Dobson AP. The epidemiology of extinction risk:
Infectious pathogens and population viability analysis. Ecological Applications. 2005; accepted.

Getz WM. Correlative coherence analysis: variation from intrinsic and extrinsic sources in
competing populations. Theor Popul Biol. 2003;64(1):89-99.

Giraudoux P, Craig PS, Delattre P, Bao G, Bartholomot B, Harraga S, Quere JP, Raoul F, Wang Y,
Shi D, Vuitton DA. Interactions between landscape changes and host communities can regulate
Echinococcus multilocularis transmission. Parasitology. 2003;127 Suppl:5121-31.

Giuggioli L, Abramson G, Kenkre VM, Parmenter RR, Yates TL. Theory of Home Range
Estimation from Mark-Recapture Measurements of Animal Populations. Journal of Theoretical
Biology. 2004; submitted.

Giuggioli L, Abramson G, Kenkre VM, Suzan G, Marce E, Yates TL. Diffusion and Home Range
Parameters from Rodent Population Measurements in Panama. Bulletin of Mathematical Biology.
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Glass GE, Shields T, Cai B, Yates TL, Parmenter RR. Characteristics of persistently highest risk
areas for Hantavirus Pulmonary Syndrome: Potential sites for refugia. Ecological Applications.
2004; submitted.

Greico JP, Achee NL, Andre RG, Roberts DR, Rejmankova E. A comparison of flight behavior of
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Greico JP, Rejmankova E, Johnson S, Achee NL, Masuoka P, Pope K, Roberts DR. Spatial patterns
of Anopheles albimanus and Anopheles vestitipennis associated with land use in Northern Belize. |
Med Entomol. 2004; in prep.
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vectors of eastern equine encephalomyelitis virus. Am | Trop Med Hyg. 2003;69(6):641-7.
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composition of freshwater wetlands in northern Belize. Wetlands. 2004; accepted.

Johnson WC, Collinge SKI. Landscape effects on black-tailed prairie dog colonies. Biological
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