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Abstract
The current outbreak of Ebola virus disease (EVD) centered inWest Africa is the largest in his-

tory, with nearly ten times more individuals contracting the disease than all previous outbreaks

combined. The details of human-to-human and zoonotic ebolavirus transmission have justifi-

ably received the largest share of research attention, andmuch information exists on these top-

ics. However, although food processing—in the form of slaughtering and preparing wildlife for

consumption (referred to as bushmeat)—has been implicated in EVD outbreaks, the full role of

food in EVD spread is poorly understood and has been little studied. A literature search was

undertaken to assess the current state of knowledge regarding how food can or may transmit

ebolaviruses and how the food system contributes to EVD outbreak and spread. The literature

reveals surprising preliminary evidence that food and the food systemmay bemore implicated

in ebolavirus transmission than expected and that further research is urgently needed.

Introduction
The ongoing Ebola virus disease (EVD) outbreak in West Africa is the largest in history. As of
September 2015, over 28,000 cases had been reported, active transmission was occurring in
three countries, and seven additional countries experienced isolated cases [1]. Before 2015, less
than 2,500 cases of EVD had been reported since the first known outbreak in 1976 [2]. The cur-
rent outbreak has seen cases of EVD in countries that had never experienced it, including the
United States, Spain, the United Kingdom, and Italy [3–6]. The world is connected in many
ways—not the least of which is through food—and the world’s interconnectedness means crises
in one corner of the globe can have far-reaching effects. While perhaps not apparent at first, a
number of connections exist between EVD outbreaks and food. These connections can be
found along the continuum of an outbreak: at its origins and as potential drivers for ongoing
transmission. This article reviews what is currently known about how food can transmit ebola-
viruses and how the food system contributes to EVD outbreak and spread.

Methods
Online databases, including PubMed, Scopus, Web of Science (all databases), and Google
(Scholar, News, Web) were searched for articles containing the word or word stem “ebola” and
any of the following: “food,” “bushmeat,” “fomite,” “inanimate,” “environment,” “viability,”
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“virus survival,” “agriculture,” and “livestock.” Articles were screened for relevancy to discover-
ing food or food system interaction with ebolavirus as well as virus survival in the environment.
References in relevant articles were also screened. Additional search terms identified in the first
stage screening were used to conduct subsequent searches of the above databases for “ebola”
occurring with “deforestation,” “swine,” “pigs,” “mangoes,” “domestic animals,” “dogs,” and
“poultry.” Topics were identified from the discovered literature and key and representative
sources were included in the article.

Animal Food Products and Ebolavirus Transmission

Bushmeat
The exact nature of animal-to-human transmission of ebolaviruses is not often known. How-
ever, the harvesting of one food product is directly related to ebolavirus transmission. Specifi-
cally, the hunting and butchering of wildlife for food, typically referred to as “bushmeat,”
exposes humans to blood and other fluids of potentially infected animals. Ebolaviruses have
been detected in a number of wildlife species harvested as bushmeat, including rodents, bats,
shrews, duikers, and nonhuman primates [7–9]. The Centers for Disease Control and Preven-
tion (CDC) notes that human ebolavirus infections have been associated with handling and
eating infected animals [9]. A series of EVD outbreaks during 2001–2003 in Gabon and the
Republic of the Congo began after humans handled the carcasses of gorillas, chimpanzees, and
duikers infected with the virus [10]. Likewise, the first human victim of an EVD outbreak in
the Democratic Republic of the Congo in 2007 had purchased freshly killed bats from local
hunters prior to falling ill [11].

Bushmeat harvesting and consumption is a proven high-risk activity, and it remains a risk
for new cases. Studies have found that bushmeat is an important source of cash income and a
food source in West Africa, particularly during times of economic hardship [12]. Bushmeat
may also pose a risk to countries not currently experiencing an outbreak. Demand exists for
bushmeat in the US and European Union and drives smuggling of the product. Estimates of
how much bushmeat enters the US are difficult to obtain because of the market’s illicit nature.
One study determined 80% of bushmeat confiscated upon entry into the US originated from
West Africa [13]. Furthermore, the same study identified a 4-fold increase in bushmeat confis-
cation when “enhanced surveillance” was used, suggesting that routine surveillance may miss a
significant amount. Studies of illegal bushmeat importation into Europe via commercial flights
have begun to quantify the amount entering European countries. An estimated 273 tons of
bushmeat enter France annually via Charles de Gaulle airport through personal baggage [14].
A smaller amount (8.6 tons) is estimated to enter Switzerland annually through commercial
passenger flights [15].

The international market of illegal bushmeat poses public health risks [16]. A 2012 study
discovered zoonotic pathogens in confiscated bushmeat, illustrating the risk of human disease
transmission that smuggled bushmeat poses [17]. Furthermore, a study of macaques deter-
mined that Ebola virus (EBOV) remained viable up to seven days after death [18]. In light of
the EVD outbreak and the ongoing problem of smuggled bushmeat, the European Food Safety
Authority (EFSA) attempted to assess the risk of human transmission of EBOV via bushmeat.
Unfortunately, EFSA concluded that it was not possible to determine the risk, given a lack of
data and knowledge [19].

Livestock
It is hypothesized that livestock could be a possible ebolavirus reservoir, given the number of
human cases in previous outbreaks in which no contact with either other infected humans or
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diseased animal carcasses was found [20], but no cases of this occurring have been reported.
Horses, sheep, and goats have been experimentally infected with EBOV [21,22]. Guinea pigs,
consumed in several countries, are commonly infected in ebolavirus research. Cattle and
chicken have tested positive for EBOV antibodies in early surveillance studies in the Central
African Republic, but the results are considered inconclusive because of testing weaknesses
[23]. There is strong evidence that dogs, which are consumed in some countries—including
some with EVD outbreaks—can become infected with EBOV naturally [24]. The Food and
Agriculture Organization (FAO) has characterized current knowledge by stating, “Information
is extremely limited on the ability of the Ebola virus to infect livestock like cattle, sheep and
goats or chickens” [25].

However, evidence does exist linking ebolaviruses and pigs: In 2008, Reston virus was dis-
covered in domestic pigs in the Philippines [26] and in China in 2011 [27]. This virus is an ebo-
lavirus not pathogenic to humans, but it has infected them [26,28]. Recent studies have also
shown that swine can become infected with the highly pathogenic EBOV. Once the pigs
became infected they developed clinical symptoms and transmitted the virus to healthy pigs
[29]. Another study confirmed this susceptibility and also discovered infected pigs could trans-
mit the virus to nonhuman primates [30]. Additional studies note that EVD outbreaks in
Uganda occur in areas with high densities of swine [31] and correlate with seasonally high peri-
ods of pork consumption [20]. Furthermore, EVD outbreaks in the Democratic Republic of the
Congo have been reported to immediately follow large mortality events of swine [32]. If swine
are contributing to EVD etiology, either by transmitting the virus to humans or to another
human-infecting animal, further outbreaks may be in store in sub-Saharan countries where
swine production is growing. This is because increased production is occurring in areas adja-
cent to or overlapping the habitat of bats [20], who are increasingly being identified as the key
ebolavirus reservoir [33].

Plant Food Products and Ebolavirus Transmission

Consumption of Contaminated Plant Food Products
There are no known cases of EVD involving virus transmission via consumption of a plant
food product contaminated with the virus. However, in the same way that an ebolavirus may
be transmitted to nonhuman primates through fruit partially eaten by bats [34], there is con-
cern that a similar pathway may exist for human transmission. Some experts speculate that
ebolavirus could be transmitted via bat saliva or feces on fruit such as mangoes or guava
[35,36]. This mechanism has been experimentally verified for bat transmission of Marburg
virus, a member of the Filoviridae family with ebolaviruses [37]. Notably, in the village of the
two-year-old child identified as the index case of the current outbreak [38], the children played
a game finding partially eaten mangoes dropped by bats [39]. Thus, it is plausible the child
could have handled and even eaten a recovered mango with bat saliva on it. The concern is
great enough that in the Ebola-affected nations, UNICEF advises not to eat mangoes that “have
been bitten by bats” [40]. A similar mode of transmission has been documented in a different
virus, Nipah virus (NiV), whose reservoir host is also the fruit bat [41]. A second EFSA risk
assessment examined the risk of transmission involving raw food products other than bush-
meat. Focusing primarily on fruits and vegetables, it concluded the lack of knowledge and data
made it impossible to quantify the risk [42].

Fomite Transmission Involving Plant Food Products
Ebolavirus is typically spread among humans through direct contact, but fomite transmission
is also possible [43,44]. (Authors’ note: when food acts as fomite, it is often referred to as a
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“vehicle.”We have chosen to remain with the first term for this sense.) Fomite transmission
risk is low in health care settings when decontamination procedures are in place [45]. Risks in
other settings, including food harvest and production ones, are not well understood. No pub-
lished literature exists specifically on the risk of plant food products serving as fomites in ebola-
virus transmission. However, other viruses are known to be transmitted via food contaminated
by food preparers that can subsequently infect individuals after they consume or handle the
food. For example, individuals infected with hepatitis A virus can contaminate food at several
points between cultivation, harvest, processing, and preparation [46]. While hepatitis A trans-
mission involving food typically occurs via consumption, fomite transmission of the virus is
also possible [47]. Another example is Lassa fever, an acute viral hemorrhagic fever closely
related to EVD. Lassa fever is transmitted to humans through contact with food or objects con-
taminated with urine or feces from rodents infected with the virus [48]. It is therefore plausible
that contaminated food (even when not consumed) could facilitate virus transmission, includ-
ing the ebolaviruses, the same as other inanimate surfaces. If this is so, EVD could be spread
through food handling—both between individuals working with food products and to end
consumers.

Fomite transmission ultimately depends on virus survival in the environment [49]. Studies
have determined that EBOV can survive outside of a host between several days to over three
weeks, and virus survival is better at lower temperatures [50,51]. EBOV can also survive multi-
ple freeze and thaw cycles [52] but is sensitive to heat and appears to be sensitive to acidic pH
[53,54]. It is important to note that fomite transmission involving raw food products has not
been documented. However, this area requires further research, as the consequences of any
successful transmission and resultant infection would likely be severe. A summary of articles
that examined ebolavirus environmental survival and sensitivities relevant to food is provided
in Table 1.

Other Ebolavirus and Food Considerations

Public Health Consequences of Landscape Changes Caused by Food
Production
Food systems may also contribute to EVD transmission indirectly. Specifically, the conse-
quences of food production may promote environmental conditions that lead to increased
human interaction with wildlife species that carry ebolaviruses. Deforestation has taken a toll
on West African forests in recent years, including serious losses to the Guinean rainforest sur-
rounding Guéckédou—the town in which the first case of the current EVD outbreak was iden-
tified [38]. This deforestation has been driven by increases in agriculture, including production
of cocoa and palm oil [55]. These environmental changes driven by food production can result
in serious public health consequences. For example, experts have noted that deforestation and
increased human activities in tropical African forests may lead to increased contact between
humans and ebolavirus reservoir species [56]. These landscape changes may have increased

Table 1. Articles examining Ebolavirus environmental survival and sensitivities relevant to food.

Author Year Key Area(s) Examined

Bray et al. [54] 1999 Thermal inactivation

Chepurnov et al. [52] 1995 Impact of freeze/thaw cycles

Mitchell et al. [53] 1984 Thermal inactivation; pH

Piercy et al. [51] 2010 Natural decay

Sagripanti et al. [50] 2010 Natural decay

doi:10.1371/journal.pntd.0004160.t001
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human activity in the forest and promoted contact with natural animal reservoirs of ebolavirus.
Interestingly, these changes may have also increased animal activity, as bats are also attracted
to palm oil plantations [57,58]. Experts have already begun exploring the connections between
the latest EVD outbreak and ecological disruptions, including those related to agriculture [59].

Additional Swine Concerns
An EVD outbreak among farmed swine would pose a number of concerns. First, depending on
the scale of the outbreak, there could be significant animal loss with severe economic conse-
quences. A worst-case-scenario example would be the 2010 foot and mouth disease outbreak in
South Korea, during which over 3 million swine were slaughtered and buried at a cost over US
$2 billion [60,61]. Second, there would likely be fear and panic among consumers regarding
EVD as a foodborne illness, leading to significant market disruption. While it is unknown
whether the virus can be transmitted through the meat of infected livestock, there would
undoubtedly be a significant drop in consumer confidence and demand. During the 2009 Influ-
enza A virus H1N1 outbreak, North American pork producers suffered major losses from lost
sales [62] because of the initial naming of the virus as “swine flu”—even though the virus could
not be contracted from eating pork [63]. There is also concern of the risk of ebolavirus becom-
ing endemic in wild pigs, which are known to already carry numerous human disease-causing
pathogens [64,65]. In feral swine, the disease would be much more difficult to manage and
eradicate, and they could potentially serve as a continual reinfection source to animals and
humans.

An additional concern is that swine could serve as sites for new, more harmful strains of the
virus to arise [66]. Pigs’ role in facilitating the emergence of new flu strains that infect humans
and other animals is well documented [67–69]. This antigenic shift in influenza viruses in pigs
cannot occur with ebolaviruses, however, for antigenic shift by definition occurs in segmented
viruses, and the ebolaviruses are non-segmented. RNA recombination can and does occur
often among non-segmented viruses, leading to new strains. This is thought to be exceedingly
rare among negative-stranded RNA viruses such as ebolaviruses [70,71], and yet it has been
shown to occur, including in EBOV [72]. Furthermore, an ebolavirus could become more path-
ogenic via swine through other means. Its pathogenicity can be increased by intentional serial
infection among laboratory animals [73,74]. Theoretically, this same increase in lethality could
occur naturally through successive natural infections of swine [75].

Harvest, Transport, and Trade
If ebolaviruses truly remain infectious on fomites for several weeks in a real-world environ-
ment, there are implications for the global food system from harvest to the end consumer. The
agriculture sector is vital to the economies and labor forces of Sierra Leone, Liberia, and
Guinea. According to the FAO, 58% to 78% of the total labor force participated in agriculture
in 2014 [76]. Assuming the virus is even introduced into a food transport chain (domestic or
international) in the first place, sufficient viability to pose a risk to those along the way and at
the end destination depends on many factors. These include virus survival under varying envi-
ronments and transport conditions, including temperature, humidity, sunlight exposure, prod-
uct processing methods, and trip duration.

A plausible scenario for this sort of transmission could involve an enclosed, refrigerated
shipping container on a cargo ship transporting food products. Surfaces of the shipping con-
tainer and its contents could become contaminated through several possible routes: a symp-
tomatic individual could handle the shipping container or its contents shortly before export,
raw bushmeat could be smuggled in the shipping container, or an infected animal such as a rat
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or bat could contaminate surfaces through droppings. In a worst-case scenario, the virus would
survive the duration of the shipment and expose those handling the container and product
upon arrival.

Food Insecurity in West Africa
The EVD outbreak in West Africa has resulted in second-order effects in food, including
regional food insecurity. In September 2014, the FAO reported severe disruptions in food avail-
ability in Guinea, Liberia, and Sierra Leone because of quarantine-imposed travel restrictions
on sellers (which limited supply) and consumers (which impeded access) and panic buying
(which decreased supply) [77]. Also, these constraints on supply and increase in demand likely
contributed to dramatic price increases, which further curtailed access. In addition, FAO pre-
dicts deteriorating food security because of reduced food production and harvests caused by
farm labor shortages. Finally, income lost from reduced cash crop production has decreased
many consumers’ food purchasing power. These conditions have led the United Nations to
declare that West Africa is “on the brink of a major food crisis” [78]. Increasing food insecurity,
however, could lead to more bushmeat harvesting and potentially to further outbreaks.

Conclusions and Research Needs
Unlike past EVD outbreaks, many of which never made international headlines, the current
outbreak continues without a clear end in sight. For example, Ebola transmission in Liberia
appeared to have ended in spring 2015 only to appear several weeks later [79]. Authorities have
been challenged with an evolving situation requiring public health messages to be refined. For
example, the CDC initially released a “Facts about Ebola in the U.S.” infographic that stated,

Fig 1. Ebolavirus, EVD outbreaks, and food.

doi:10.1371/journal.pntd.0004160.g001
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“You can’t get Ebola through food,” but in late 2014 updated the infographic to read instead
(emphasis ours), “You can’t get Ebola through food grown or legally purchased in the U.S.” [80].
Likewise, the scientific community has responded with significant contributions to the state of
knowledge about ebolaviruses and EVD, but despite important new research, much remains
unknown about ebolavirus transmission [81]. Food has the potential to contribute to EVD
transmission, particularly in the harvesting of bushmeat. Fig 1 outlines the ways in which food
is connected to EVD outbreaks.

An examination of other roles leads to more questions than answers; however, the need for
these answers is more important than ever. Research is needed in a number of areas. First,
more data and research is needed to quantify the illegal bushmeat trade, identify transport
routes and high-risk species involved, and perform a detailed risk assessment. Second, we need
to better understand the potential role of swine in ebolavirus transmission, including for the
emergence of new virus strains. Third, further information is needed on whether dogs can har-
bor and transmit ebolaviruses. Fourth, more studies on virus survivability in the environment

Key Learning Points

• The role of harvesting of wildlife for consumption (bushmeat) in EVD outbreaks is
well understood, but the full role of food in ebolavirus transmission has not been
researched and is not well understood.

• Ebolavirus transmission via fomites, including food, is possible, but more research is
needed to understand whether transmission via fomites or food is likely to result in
perpetuating an outbreak.

• Evidence suggests that food and the food supply may be directly and indirectly impli-
cated in all stages of an EVD outbreak—the initial outbreak, continued transmission,
and ramifications of widespread disease.
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are needed. Specifically, better data on survival length and environmental conditions that sup-
port survival in real-world settings is needed. This information could be applied across settings,
including food harvest and transport. Fifth, research is needed on the role that plant food prod-
ucts could play in ebolavirus transmission. For example, we need better data on the risk of
human infection via fruit contaminated by bats. Finally, if further research finds that food
plays a greater role in ebolavirus transmission than previously believed, risk communication
strategies need to be carefully developed.
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