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Since researchers identified Horseshoe Bats as a likely reservoir for the Severe Acute
Respiratory Syndrome (SARS) coronavirus, research on the connection between bats and
emerging infectious diseases (EIDs) has increased 1 2 3 4 5 6 7 . Bats have been known reservoirs
for the rabies virus since the early 1900s when vampire bats caused a pandemic of rabies
in South American cattle. The enormous health and economic costs of disease outbreaks
such as SARS make identifying the sources of disease and developing policies to prevent
outbreaks imperative. Beginning in April 2012, another coronavirus, Middle East Respiratory Syndrome (MERS) began affecting humans in Saudi Arabia. Like SARS, bats are
again implicated as possible reservoirs for this new disease 8 .
Using MERS and other viral agents as examples, this paper explores connections between
the public health risks of EIDs and bats. To provide background, I briefly describe basic
bat biology, evolutionary history, and social dynamics. I describe viral outbreaks linked
to bats, explain the scope of the human populations affected, and explore the possible
social and environmental drivers of outbreaks. Next, I compare how two health paradigms
might deal with bats in terms of public health. I begin with a purely anthropocentric,
biomedical concept of public health that focuses exclusively on human health outcomes.
While I surely fail to characterize current public health completely in this way, I don’t think
I caricature public health to represent it as focused on human needs first. I contrast the
think-of-humans-first perspective with One Health, an interdisciplinary medical paradigm
that “seeks to promote, improve, and defend the health and well-being of all species” 9 .
Lastly, I give an example of bat-related public health research and an intervention that
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exemplifies One Health.
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The Basics of Bats

Bats are the only flying mammals. After rodents, Chiroptera is most diverse order of
mammals. Bats range in size from the one inch in length Kitti’s hog-nosed bats of Burma to
the flying foxes of Australia and South Asia with wingspans over five feet. Bats are found
on every continent except Antarctica and occupy a variety of ecological and trophic niches.
Most of the world’s bat species are insectivores or frugivores. Some bat species live alone,
while others live in roosts with millions of individuals. 10
With the growing interest in bats as reservoirs of disease, a number of papers from the
past ten years examine if and how bats might be exceptional in the world’s biota as harbors
of pathogens 11 1 3 4 5 6 . I summarize bat’s unique features discussed in the papers here:
• Bat’s wide geographic distribution and the sympatry among species may favor the
development of viruses.
• Chiroptera is one of the oldest orders of mammals, so bats and viruses have had
millions of years to co-evolve.
• As mammalian flyers, bats have more direct and indirect contact with other animals
at a variety of locations. This may increase interspecies virus transmission.
• In order to fly, bats have evolved a unique anatomy. Unlike other mammals, bats do
not have bone marrow and produce lymphocytes in other locations.
• Bats live for 25 to 35 years, so in the dense structure of many bat colonies, older bats
with persistent viral infections may transmit the virus to the juveniles with developing
immune systems.
• Some bats hibernate and some go into a daily torpor, which may suppress immune
functions.
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To date, relatively little is known about bat immunology, and study of bat’s immune
systems could provide useful information in the prevention and treatment of pathogens in
humans. Bats do succumb to viral infections, but in some cases bats seem to be resistant
to overt signs of disease and may be carriers for long periods. In one small study, bats
were infected with Ebola virus. After several days, the animals were killed and analyzed 12 .
Though the Ebola virus was detected, none of the bats showed histopathologic evidence of
infection.
While bats are obviously unique in the animal world, there is no conclusive evidence that
bats are “ground zero” for EIDs. Still, we do know that bats host many emerging pathogens
and this deserves further study. Wood et al. make the case:
“. . . bats offer a critically important focus for study at the human-wildlife interface. . . . These interactions are shaped by environmental, social and politicoeconomic drivers at multiple scales, yet these processes and interrelationships are
poorly characterized and understood. Bats epitomize growing challenges associated with human-wildlife disease interactions, and thus offer a valuable model
for building a new, holistic, policy-engaged paradigm to address these, now and
in the future.” 2
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Bats and Human Disease

At least 5 major EIDs from the past 20 years have been associated with bats. As already
mentioned, bats are suspected reservoirs of coronaviruses SARS and MERS, but the Nipah,
Hendra, and Ebola viruses have also been confirmed in bats. In most cases, bats do not not
directly infect humans. A plant or animal spillover host serves as the intermediary 1 . For
example, since 1999, four cases of Hendra virus have been linked to bats via the spillover
host of horses in Australia 7 .
In 1999, an outbreak of Nipah virus in Malaysia killed 105 people. Over one million
pigs were killed and the Malaysia pork industry eviscerated after direct contact with pigs
was identified as the mode of transmission. Researchers identified fruit bats as a natural
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reservoir for the virus 7 . Bat-associated EIDs tend to first affect people proximal to spillover
hosts, such as pork farmers in Malaysia and horse trainers in Australia. Several mechanisms
may explain the transmission from bats to domesticated animals. A shared water source,
fecal contamination, pigs eating bats, for example, are hypothethical means. This is not
always the case. Sometimes bats transmit the disease more directly.
An almost annual outbreak of Nipah virus has been linked to drinking raw date palm sap
in Bangladesh 13 14 . The virus has been isolated in Pteropus bats who eat the date fruit. Bat
guano and saliva from infected bats contaminate the sap drink leading to human infection.
Later I discuss efforts to remediate this problem.
As of November 8, 2013, 150 cases of MERS, including 64 deaths, have been reported 15 .
No certain animal-to-human transmission hosts have been identified to date. Recent research by Memish et al. showed the results of an initial survey of bats living near locations
where human cases of MERS originated 16 . Of 29 specimens of the Egyptian Tomb Bats
(Taphozous perforatus), one tested positive for MERS. A recent report found MERS in the
infected person’s pet camel 17 . Are camels the spillover host between bats and humans for
MERS? The Memish paper proved bats do carry the pathogen, but whether and how MERS
transmitted from bats to humans remains to be definitively answered.
These examples demonstrate the scope of EIDs related to bats, but nothing in modern
history exemplifies the magnitude of bat-associated diseases like SARS. Lee and McKibben
estimated the global cost of SARS in 2003 to be $US 40 billion, and over 700 people died
from the disease 18 . These examples also manifest some of the social and environmental
determinants of bat-related EIDs. Proximity to bats leading to direct or indirect interaction
clearly increases risk for individuals. Often these individuals are of lower socio-economic
classes, such as agricultural workers. Reporting on recent research on Straw Colored Fruit
Bats in Africa, the International Business Times paraphrased researcher James Wood:
“A lower-income African merchant might not ever eat a mouthful of bat meat,
but he might live and work in areas near bat-roosting areas, where he might
inadvertently come into contact with the bats’ bodily floods. This constant,
low-level exposure to bat-borne viruses might not even blossom into a serious
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illness, but it might weaken his immune system and make him more vulnerable
to other diseases and an early death.” 19
Wood’s hypothetical situation is reasonable speculation and evidences that the drivers
of bat-human (and wildlife-human, more generally) diseases deserve further research.
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Anthropogenic Drivers of Disease

Several papers touch on the idea that human activities bring about much of zoonotic disease
emergence 20 6 2 . Daszak et al. summarize this issue:
“Emerging infectious diseases of humans, wildlife, and plants are linked by two
common characteristics. First, by definition they are in a process of flux, either rising in incidence, expanding in host or geographic range, or changing in
pathogenicity, virulence, or some other factor. Second, these changes are almost always driven by some type of large-scale anthropogenic environmental
change (e.g., deforestation, agricultural encroachment, urban sprawl) or change
in human population structure (e.g., increased density linked to urbanization)
or behavior (e.g., increasing drug use, changes in medical practice, agricultural
intensification, international trade).” 20
In their paper, Kuzmin et al. present a hierarchal framework where EIDs are only the
tip of the iceberg 6 . Environment destruction, socioeconomic forces, and human population
growth and geographic expansion form the root causes of bat to human disease transmission.
For example, the spread of pig farms into fruit bat habitat may have led to the spillover
event between bats and pigs in the case of the Malaysian Nipah virus 21 . Another explanation
could be that destruction of fruit bat habitat from forestry operations forced fruit bats closer
to humans.
Kuzmin et al. make the case for integrating conservation ethics into public health:
“Given the emerging evidence that environmental degradation leads to increased rates of
disease emergence, it may be time for those in the public health field to also advocate
5

environmental conservation.” Before I argue for this approach and present a success story,
I touch on an ethical concern unique to EIDs associated with bats and other wildlife.
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Emerging Ethics of Emerging Infectious Disease

For decades, people thought Australia was free of rabies. Then in 1995, Australian Bat
Lyssavirus was discovered. Lincoln Flynn was the third person to die from this disease since
its discovery. Lincoln was only eight years old. Immediately after his death, his parents
called for a culling of the fruit bat population 22 . One can empathize with their reaction.
While population “culling” is sometimes used to deal with human/wildlife conflicts 23 , this
strategy begets obvious animal rights and environmental ethics concerns.
While much work has been done in bioethics in the past few decades, environmental
public health ethics is still in its infancy. Writing in 2005, McCallum and Hocking point
out:
“One of the major general problems is that there is currently no general ethical
basis on which to make decisions regarding environmental or ecological ethics.
Over the last few decades, many ethicists have moved beyond an entirely anthropocentric view of environmental ethics. Nevertheless, the extent to which
humans might have duties towards populations, species and ecosystems, and the
extent to which these entities might have rights beyond those of the individual
organisms within them is debatable.” 24
Without dwelling on the ethical intricacies, I submit that human health, wildlife conservation, and environmental goals are not necessarily in conflict, and more and more public
health leaders are pushing an agenda to align these aims.

5

From Public Health to One Health

To frame the discussion of public health perspectives on EIDs, it is instructive to consider
the history of infectious disease policy. In 1999, Porter et al. wrote:
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“Those working in infectious disease research tend to see ‘the control programmes’
as the policy: they concentrate on developing guidelines for managing a specific
disease in a population (or micro-policy) with an emphasis on treatment and
cure. The exclusively biomedical orientation of programme structures are generally assumed to be appropriate and the development of policy focuses on the
need to improve diagnosis and treatment (i.e. improve ‘the product’). The possibility of alternative structures, which include but move beyond the biomedical
model to include social, economic, and environmental factors, is not generally
perceived” 25 .
In dealing with bat-associated EIDs, a purely biomedical approach might focus on surveillance of at-risk human populations and the development of treatments and/or prophylactics
for the disease. In the case of a major zoonotic disease outbreak, surveillance is clearly justified, but neither treatment nor screening deal with the fundamental drivers of the disease
outbreak. As demonstrated by SARS, the costs of this reactionary approach to virulent
zoonotic diseases are huge, and other concerns such as social justice, conservation, and the
environment are neglected in the rush to contain the disease.
Wood et al. call for a “new holistic paradigm integrating biological, social and environmental science approaches to explain the mechanisms and impacts of zoonotic emergence,
particularly through intermediate hosts” 2 . The integrated framework they outline could
be described as a One Health approach. In addition to basic biomedical concerns, their
framework calls for understanding:
• how the environment influences viral pathogen dynamics;
• how land use and conservation practices affect bat populations;
• what human-bat interactions exist and why they exist;
• what are the environmental, social, and economic drivers of change (for example, are
people pushing further into undeveloped habitat in search of economic gains?)
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• and what are the political and cultural framings on a local, national, and international
scale.
The knowledge from these concerns can then inform policies that aim for simultaneous
goals of human, animal, and environmental health. Given the interdisciplinary nature of
public health work, the integrative modus operandi of One Health should not be unfamiliar
to public health leaders. One Health calls for involving animal health professionals and
ecology specialists to broaden the public health perspective, especially relating to EIDs.
Next, I provide an example of an intervention that demonstrates One Health principles and
may solve a global health issue on a local scale.
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No Animals Were Harmed in the Prevention of This
Disease

In a case-control study, Rahman et al. linked date palm sap to Nipah virus in Bangladesh 14 .
The Nipah virus outbreaks coincide with the harvest season when bats frequent the date
palm orchards. With the bat-human transmission strongly linked to date palm sap, how
can we solve this problem? We can imagine several solutions. Treatment and prophylactyic
measures could be developed. This is costly and time-consuming. Bat populations could be
culled. The effectiveness of this approach is questionable and may lead to other ecological
effects. People could be discouraged from drinking date palm sap, depriving the farmers of
a needed income source and communities of a rich food source.
Khan et al. proposed installing bamboo skirts to the date palm trees above the sap
apparatus, thus preventing contamination of the sap drink 26 . Using a crossover study design,
the researchers found that bats contacted the date palm sap less frequently on covered trees
versus uncovered trees (2% versus 83%). They recommend community interventions to
promote the use of the date palm skirts. More recent research suggests that after applying
the skirts gachhis (sap harvesters) obtain cleaner sap for which they can charge more 27 .
This is a case where, consciously or not, One Health principles led to a solution that wins
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for the local people, public health, and wildlife. Preventing other EIDs may not prove as
tractable as applying a bamboo skirt to date palms, but in this paper I have shown some of
the gaps of a biomedically-driven public health agenda and some of the benefits of a One
Health approach.
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Conclusion

Bat-associated EIDs are an important global public health concern. The SARS, MERS, and
Nipah viruses are just a few examples of the magnitude of the risks. Mitigating and understanding the public health impacts of bat-associated EIDs requires an integrated approach.
The One Health paradigm expands public health perspectives and pushes environmental
justice and conservation issues to the fore. As demonstrated by the case of Nipah virus in
Bangladesh, One Health solutions are not merely theoretical. Diverse organizations such
as the American Medical Association, the Association of Schools of Public Health, and the
American Association of Wildlife Veterinarians officially endorse the One Health Initiative 9 .
Let’s see what is possible when their members fully embrace a One Health ethos.
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