Ebola Reston Virus Infection of Pigs: Clinical
Significance and Transmission Potential
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In 2008, Reston ebolavirus (REBOV) was isolated from pigs during a disease investigation in the Philippines.
Porcine reproductive and respiratory syndrome virus (PRRSV) and porcine circovirus type 2 (PCV-2) infections
were also confirmed in affected herds and the contribution of REBOV to the disease outbreak remains
uncertain. We have conducted experimental challenge studies in 5-week-old pigs, with exposure of animals to
10° TCIDs, of a 2008 swine isolate of REBOV via either the oronasal or subcutaneous route. Replication of virus
in internal organs and viral shedding from the nasopharynx were documented in the absence of clinical signs of
disease in infected pigs. These observations confirm not only that asymptomatic infection of pigs with REBOV
occurs, but that animals so affected pose a transmission risk to farm, veterinary, and abattoir workers.

Ebola virus (EBOV) and the closely related Marburg
virus (MARV) belong to the family Filoviridae. They are
enveloped, filamentous, negative-sense RNA viruses and
may be associated with severe zoonotic disease in hu-
mans. Currently, 4 species of EBOV have been reported:
Zaire ebolavirus (ZEBOV), Sudan ebolavirus (SEBOV),
Ivory Coast ebolavirus, and Reston ebolavirus (REBOV)
[1]. A fifth species, Bundibugyo ebolavirus, has been
proposed [2]. Four species of EBOV have caused fatal
disease in humans with mortality rates of 50%-90%
depending on virus strain [3, 4]. In contrast, REBOV has
never been identified to cause disease in people. Several
instances of humans seroconverting to REBOV have
been documented; however, these were not associated
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with illness or death [5-8], suggesting that REBOV may
be avirulent in humans.

REBOV was first identified during the investigation of
fatal hemorrhagic fever involving cynomolgus macaques
in a research facility in Reston, Virgina, that had been
imported from the Philippines. Macaques showed sud-
den onset of illness with signs of anorexia, cough, nasal
exudates, swollen eyelids, and enlarged spleens and kid-
neys [9, 10]. Macaques were determined to be coinfected
with REBOV and simian hemorrhagic fever virus (SHFV;
family Arteriviridae, genus Arterivirus) [9]. As SHFV is
often a fatal disease in macaques, experimental infections
were carried out in cynomolgus macaques and African
green monkeys to determine the role of REBOV in the
disease outbreak. Acute-phase viremia was observed in
all challenged animals, with REBOV regularly reisolated
and also detected by polymerase chain reaction (PCR) in
sera and tissues for the first 15 days after challenge.
REBOV was demonstrated to be less pathogenic than
ZEBOV and SEBOV, with only 7 of 7 African green
monkeys and 4 of 8 cynomolgus macaques surviving
challenge [11]. REBOV could not be recovered from
survivors 20-600 days after challenge. Following this
initial outbreak in Reston, several other cases of REBOV
have occurred in both the United States and Italy, all
attributed to animals imported from the Philippines and
all from the same monkey breeding facility [12-16].
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From September 2007 to May 2008, disease outbreaks were
reported on several pig farms in the Philippines. Pigs of all ages
were affected, with a wide variety of clinical signs of disease
including fever, coughing, and skin lesions. Samples from 3
different farms in which disease was observed were sent to the
Foreign Animal Disease Diagnostic Laboratory, United States
Department of Agriculture in Plum Island, New York, for iso-
lation and identification of the causative agent for the pigs’
disease. Initial analysis of the samples resulted in the isolation of
porcine reproductive and respiratory syndrome virus (PRRSV;
family Arteriviridae, genus Arterivirus) and porcine circovirus
type 2 (PCV-2; family Circoviridae) [17]; these pathogens are
regularly associated with disease clinically similar to that re-
ported from the Philippines. Sequence characterization of the
NSP2 gene of the PRRSV isolate showed it was most closely
related to Chinese PRRSV isolates recently associated with blue
ear disease in Asia. In addition, REBOV was isolated from lung
and lymph nodes of pigs from each of the 3 farms. Full genome
sequences were obtained for each of the REBOV isolates, with
distinct sequences from each location showing approximately
4% nucleotide difference in sequence identity between isolates
and no discernable grouping with the REBOV isolates obtained
from macaques [17]. The differences in swine isolates suggest
distinct spillover events from an as yet unidentified host or that
pigs act as asymptomatic hosts with virus circulating in them for
many years. Bats have been implicated as reservoirs for filoviruses
in Africa, including ZEBOV and MARV [18-22], and further
investigations are necessary to determine whether REBOV is
present in bats in the Phillipines. In addition to evidence of
infection in swine, 141 people were also tested for the presence of
antibodies to REBOV. Six individuals tested positive for immu-
noglobulin G (IgG), all of whom worked on pig farms or with
swine products, suggesting the potential transmission from pigs
to humans [17]. Further serological testing of individual with and
without exposure to pigs is necessary for further investigation of
the spillover of REBOV from pigs to humans.

The isolation of REBOV from swine may indicate emergence
of a filovirus in a new mammalian host. REBOV infection of
swine raises important biosecurity concerns about the potential
for disease emergence in humans and other livestock animals. In
previous outbreaks of REBOV in monkey facilities, there have
been no incidences of disease in humans despite several people
seroconverting to the virus. Whether the signs of disease seen in
the pigs from the original outbreak are a consequence of the
REBOV infection or the result of coinfection with PRRSV and
PCV-2 was not determined.

The natural transmission of REBOV to pigs was a novel
finding and has raised questions regarding the role that this virus
played in the disease observed. To address these questions, we
have commenced a series of experimental infections of pigs with
a Philippines swine isolate of REBOV under Biosafety Level 4
(BSL4) conditions at the Australian Animal Health Laboratory,

Geelong, Australia (AAHL). The objectives of the studies re-
ported here are to document (1) the nature of clinical disease in
REBOV-infected pigs, (2) the site(s) of virus replication in the
pig, and (3) the routes of virus shedding, and thus possible
routes of transmission. A greater understanding of REBOV in-
fection in pigs will permit more informed assessment of the risks
to swine and human health posed by this viral infection.

METHODS

Animals

Clinically healthy (male and female) non-specific, pathogen-free
pigs, 5 weeks of age, were purchased from a commercial breeder
and housed in a single room at BSL4. Room temperature was
maintained at 22°C with 15 air changes per hour; humidity
varied between 40% and 60%. For each study, 8 pigs were kept in
2 groups of 4, in 2 pens with one side modified for movement
along a track to provide a “squeeze cage” for administration
of chemical restraint. There was no direct contact between the
2 pens of pigs. Before inoculation or collection of specimens,
animals were immobilized with a mixture of ketamine hy-
drochloride (20 mg/kg) (Ketamil; Ilium) and medetomidine
(60 pg/kg for pigs) (Domitor; Novartis) by intramuscular
injection. For reversal, atimepazole (Antisedan; Novartis) was
given intramuscularly at 50% of the doses used for medetomi-
dine. Animal studies were conducted with approval from the
Commonwealth Scientific and Industrial Research Organisation
(CSIRO) Australian Animal Health Laboratory Animal Ethics
Committee. Staff wore fully encapsulating suits with breathing
apparatus while in the animal room.

Virus Preparation and Challenge

A Philippines 2008 porcine isolate of REBOV was transferred
from the Centers for Disease Control and Prevention (CDC) to
AAHL. Virus was then propagated in a single passage and ti-
trated by median tissue culture infective dose (TCIDsp) in Vero
cells. In each study, inoculum (10° TCIDs, of REBOV) was
administered to 4 pigs by drops into the nostrils and throat
and to the remaining 4 by single subcutaneous injection over
the lateral thorax.

Housing, Monitoring, and Sample Collection
After challenge, pigs were inspected daily for signs of disease.
Study 1: Pigs were anesthetized on days 2, 4, 6, 8, 10, and 13
after exposure to REBOV and sampled for shed virus by deep
nasal, throat, and rectal swabs, and blood was taken to monitor
for viremia and antibody production. Urine was also collected
from the floor of the pens to monitor for the presence of shed
virus. Duplicate swabs were collected, with one placed in Mag-
Max extraction buffer (Ambion) for RNA extraction and the
other in phosphate-buffered saline containing 1% bovine serum
albumin, 100 U penicillin G, and 100 pg streptomycin sulfate.
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This sample was stored at —80°C until processing for virus
isolation. Blood samples were also collected on days 15, 17, 20,
and day 28 when pigs were euthanized and tissues collected for
real-time PCR analysis and virus isolation. At sampling times
pigs were weighed and rectal temperatures recorded.

Study 2: Based on timelines determined from the outcome of
study 1, pigs were similarly exposed to 10° TCIDs, of REBOV
and 2 animals from each group were euthanized on days 6 and 8
following either oronasal or subcutaneous challenge. At nec-
ropsy, an extensive range of tissues, swabs, and blood were
collected for real-time PCR and virus isolation (including 10
sites in the lung reflecting proximal and distal areas of each lobe)
and histology.

Real-time PCR and Virus Isolation

To detect the presence of virus in samples, collected RNA
was extracted using the MagMAX-96 viral RNA isolation kit
(Ambion). TagMan real-time reverse-transcription polymerase
chain reaction (RT-PCR) was carried out using the AgPath-ID
1-step RT-PCR kit (Applied Biosystems), targeting the nucleo-
protein (NP) gene of REBOV according to a method supplied
by the CDC. Positive results were defined by a cycle threshold
value of =37. Virus isolation from a selection of specimens
positive in PCR was attempted by inoculation of Vero cells with
homogenized tissues. Isolated virus was detected by staining
cell cultures with rabbit polyclonal sera generated against the
REBOV NP protein at 7 days after infection. All samples were
blind-passaged once to detect low levels of isolated virus.

Serology

Serology for detection of antibodies to REBOV was conducted
using an in-house-developed indirect enzyme-linked immu-
nosorbent assay (ELISA) based on a recombinant Escherichia
coli—expressed NP protein of REBOV, with antibody binding
on serial dilutions of sera detected using an antiporcine IgG-
horseradish peroxidase conjugate (USBiologicals). ELISAs were
developed using 3,3’,5,5’- tetramethylbenzidine and read at
a wavelength of 450 nm. Cutoff values for positive samples were
set at mean +3 standard deviations of the prebleed sera.

Pathology and Imnmunohistology

Specimens fixed in 10% neutral buffered formalin were rou-
tinely processed, cut, and stained with hematoxylin and eosin.
Immunohistochemistry was performed using a high-titer rabbit
polyclonal anti-REBOV nucleoprotein antiserum and the Dako
EnVision FLEX detection system.

RESULTS

Animals

All animals in each study remained clinically well following
exposure to REBOV. Specifically, fever, signs of respiratory
disease, and skin lesions were not identified.

Real-time PCR and Virus Isolation

In study 1, REBOV genome was detected in nasopharyngeal
secretions of pigs from 2 to 8 days following exposure by the
oronasal route (Table 1), with virus reisolated from days 4 to 8
after infection. Genome or virus was not found in rectal swabs,
urine, or blood of these animals at any time. Tissue samples
collected at euthanasia on day 28 after infection were negative by
real-time PCR for REBOV.

In Study 2, REBOV genome was found in nasopharyngeal
secretions of 7 of 8 pigs on days 6 and 8, as well as rectal swabs
(5 of 8 pigs), blood (7 of 8 pigs), and most other organ and tissue
samples including skeletal muscle (Figure 1). In lung, the highest
levels of genome were generally associated with regions of
pneumonia. Virus was regularly reisolated from superficial
(submandibular, axillary, inguinal) and internal (bronchial,
mesenteric) lymph nodes, nasal turbinates, muscle, and lung of
pigs challenged both by subcutaneous and oronasal routes.

Serology

In study 1, all animals challenged by either oronasal or sub-
cutaneous routes showed seroconversion to REBOV by day 10
after infection, with generally higher titers in animals exposed by
the subcutaneous route (Table 2). In study 2, antibody was de-
tected in all pigs, with an increase in antibody at day 8 compared
with day 6.

Pathology and Immunohistology
No gross or histologic abnormalities were detected in animals
from study 1 that were euthanized 28 days after infection.

In study 2, gross abnormalities were confined to lymphoid and
respiratory systems (Table 3). In 7 pigs there was lymphadeno-
megaly affecting submandibular, retropharyngeal, and bronchial
lymph nodes. Consolidation of lung lobes was observed in 4
animals including 3 pigs exposed to REBOV by a parenteral route
and 1 that had received nonparenteral exposure. Areas of grossly
affected lung included the hilus (1 pig), left apical and left cardiac

Table 1. Detection of Shed REBOV in Nasal and Tonsil Swabhs
Following Experimental Challenge of Pigs

Days after challenge

Challenge route Pig 0 2 4 6 8 10 13
Oronasal 1 NT Nt  NFTH N*

2 NT N7t N*

3 N* NTFT T

4 N* N+t+H Nt
Subcutaneous 5

6

7

8

NOTE. Source of swab material is nasal (N) or tonsil (T); polymerase chain
reaction positives are indicated by the inclusion of N or T. Isolation of virus is
indicated by "'+"" with increasing numbers of + indicating a higher virus load.
REBOV, Reston ebolavirus.
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Real-time reverse-transcription polymerase chain reaction testing of pig tissues for the presence of REBOV nucleoprotein (NP) sequence. Two pigs

at each time point were euthanized and tissues collected. Results are relative NP copy numbers with error bars indicating standard error. LN, lymph node.

lobes (1 pig), hilus and left apical lung lobe (1 pig), and left apical
lobe (1 pig). Histopathology confirmed reactive hyperplasis of
enlarged lymph nodes and acute bronchopneumonia in grossly
abnormal lung. REBOV NP antigen was identified in lymphoid
tissues (Figure 2) of all 4 pigs receiving REBOV by subcutaneous
injection as well as the pig exposed by the oronasal route that had
bronchopneumonia. REBOV antigen was detected in the lung
of 3 of the animals with pulmonary consolidation (Figure 2),
where it was associated primarily with alveolar macrophages and
also bronchoalveolar epithelial cells. Although REBOV antigen
was detected throughout the lung tissue of these animals in-
cluding areas distant from pneumonic lesions, the most striking
immunopositivity colocalized with the numerous alveolar mac-
rophages in areas of bronchopneumonia. Mild acute rhinitis was
identified in all pigs, but REBOV antigen was only detected in

submucosal lymphoid tissue—not the respiratory epithelium—
of the 3 pigs with parenteral exposure to REBOV that also had
pulmonary consolidation. Focal necrosis of tonsillar epithelium
associated with neutrophil infiltrates was seen in all pigs; this was
not associated with REBOV antigen. No histological abnormal-
ities were detected in the spleen, liver, kidney, heart, intestine, or
brain of any pig although REBOV antigen was detected in the
spleen of a pig exposed by the subcutaneous route.

DISCUSSION

The experimental infection with REBOV of domestic pigs de-
scribed in this paper demonstrates the potential of REBOV to
replicate subclinically in pigs, with infection established by both
parenteral and nonparenteral routes. This subclinical infection

Table 2. ELISA Immunoglobulin G Titers Against Recombinant REBOV Nucleoprotein Antigen

Days after challenge

Challenge route Pig 0 2 4 6 8 10 12 15 17 20 28

Oronasal 1 <100 <100 <100 <100 400 800 800 800 3200 1600 3200
2 <100 <100 <100 <100 <100 200 800 800 400 100 100
8 <100 <100 <100 <100 200 100 100 800 400 100 400
4 <100 <100 <100 <100 <100 200 200 200 400 <100 100

Subcutaneous 5 <100 <100 <100 <100 200 3200 3200 3200 3200 3200 NT
6 <100 <100 <100 <100 800 12 800 12800 12800 12800 6400 NT
7 <100 <100 <100 <100 800 3200 3200 3200 1600 1600 NT
8 <100 <100 <100 100 800 800 1600 800 1600 1600 NT

NOTE. ELISA, enzyme-linked immunosorbent assay; NT, not tested; REBOV, Reston ebolavirus.
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Table 3. Study 2—Summary of Gross and Histopathological Findings in Pigs Exposed to REBOV

Lesions/antigen

Days after exposure Challenge route Lymph node Lung Nasal turbinates Spleen Liver Kidney Heart Tonsil Intestine Brain

6 Subcutaneous Sias +/+
6 Subcutaneous +/+ +/—
8 Subcutaneous +/+ —/—
8 Subcutaneous +/+ +/+
6 Oronasal Sras =/=
6 Oronasal +/— —/—
8 Oronasal = =/=
8 Oronasal +/— +/+

/4 -- —- —— -~ —-— - -
+/+2 el e e e e
+/— e R R i
+/+2 e e e e e
+/— e i e R S e
+/— e e el e e e =
+/— I~ = = ND  —~~  —~ -
+/— e e e e e

NOTE. ND, Not done; REBOV, Reston ebolavirus.
@ Antigen detected in submucosal lymphoid tissue.

in pigs highlights the ongoing need to understand the infection
process to better assess the risks posed to humans.

Following exposure of 5-week-old pigs, REBOV replication
was confirmed in many tissues. The highest levels of virus rep-
lication were observed in lung and lymphoid tissue, the tissues
from which virus was isolated in the original disease in-
vestigation [17]. Virus isolation was also performed on muscle
tissue with infectious virus being isolated from 6 of the 8 pigs in
the second study. The infection profiles were consistent with an
acute infection, with virus clearance associated with serocon-
version occurring within 10-12 days after challenge. No evi-
dence was found indicating virus persistence in any tissue, as
demonstrated by negative real-time PCR tests on tissues col-
lected at necropsy on day 28. Shedding of virus was identified
most consistently via the nasopharynx, suggesting that this
might provide a route of transmission by contact (aerosol or
droplet) from pig to pig, which may be facilitated if concurrent
respiratory disease is present. Shedding via the fecal route was
observed in some circumstances and this may provide additional
sources of contamination or transmission. As virus was also
observed in blood from 1 study, there is also the potential for
spread of infection by contaminated vaccine needles, blood
collection apparatus, or insects. Risks to handlers and abattoir

Figure 2. Immunohistochemical staining of REBOV NP antigen in
tissues from experimentally infected pigs. (4) Lymph node of pig following
oronasal challenge. (B) Lung of pig with dense viral antigen staining (red)
of alveolar macrophages.

workers by droplet/aerosol exposure and penetrating lesions of
the skin are also present and are a potential source of in-
troduction of virus to the human population.

Differences with respect to virus shedding and blood-borne
virus were observed in the 2 studies. Shedding was not docu-
mented following parenteral exposure in study 1, but occurred
in study 2. The reasons for this observation are as yet unknown;
however, it is of interest that the first experimental infection was
undertaken in the spring and study 2 was carried out in the
winter. It is possible, although clearly unproven, that a higher
prevalence of subclinical respiratory infections in the winter may
have predisposed this cohort to a more florid infection with
REBOV. Although the Australian pig herd is free of PRRS, and
pigs used in these experiments were negative for PCV-2, other
respiratory pathogens are present in commercial herds. In study
2, grossly pneumonic lesions were observed in lungs of some
pigs. Virus was reisolated on occasion from all areas of lung that
were sampled including grossly normal tissue although antigen
was only detected in the lung of pigs with pneumonia; at present
the cause and/or effect relationship between pneumonia and
REBOV is unclear. One possibility for future consideration is
that preexisting subclinical respiratory infections caused by or-
ganisms such as Mycoplasma may predispose animals to en-
hanced REBOV replication as increased populations of alveolar
macrophages may support higher levels of virus replication,
Unfortunately, lack of capability for identification of nonviral
pathogens at BSL4 currently precludes detailed examination of
such interactions. In any event, it is recommended that in future
studies aimed at establishing coinfection models—such as PRRS
combined with REBOV—careful attention is paid to cohort
selection with respect to time in the study design. Those pigs
with preexisting subclinical respiratory infections may represent
an increased transmission risk to other susceptible pigs, other
animals, and people. The legacies of pneumonia, REBOV anti-
gen, or genome, were not observed in lung tissue from any pig
from study 1, suggesting that any virus-induced pulmonary
disease occurring in these animals during the acute phase of
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infection had been mild, and this is consistent with the generally
less florid infection seen in this group. Had pigs in study 1
developed pulmonary pathology similar to that in pigs from
study 2, residual pathology would have been expected to be
identifiable when they underwent postmortem examination 28
days after challenge.

Interestingly, in the original disease outbreak investigation,
REBOV was only observed in pigs coinfected with PRRSV [17].
This supports the theory that preexisting respiratory disease al-
lows for an increase in virus replication in lung tissue in infected
pigs. Further experiments are planned to examine the relation-
ship of REBOV, PCV2, and PRRSV in terms of increase in sys-
temic spread in REBOV and increase in shedding. It is possible
that this relationship may be very complex and the mechanism
for increased viral loads may not be able to be elucidated with
ease in the pig infection model.

The evidence of virus shedding and replication of virus in
internal organs in the absence of clinical disease represents
a potential source of infection to farm, veterinary, and abattoir
workers. This appears to be an unprecedented emergence of
filovirus infection in a new host that may have important bio-
security implications for both livestock health and emergence in
the human food chain. Although REBOV has not been seen to
result in any human disease, the basis for this observed attenu-
ation remains unknown. The consequence of REBOV becoming
pathogenic in humans is serious, and ongoing undetected in-
fections and replication in pigs and other animals with REBOV
may result in the emergence of viruses that are more pathogenic
in humans and/or livestock.

Funding

This work was supported in part by a CSIRO OCE Postdoctoral Award
(to G. M.) and a CSIRO CEO Science Leader Award (to L.-F. W).

Acknowledgments

We thank Kaylene Selleck for her technical assistance in preparing the
antisera against REBOV NP and Dr Jackie Pallister and Gary Crameri for
critical review of this manuscript.

References

1. Kuhn JH, Becker S, Ebihara H, et al. Proposal for a revised taxonomy of
the family Filoviridae: classification, names of taxa and viruses, and
virus abbreviations. Arch Virol 2010; 155:2083—103.

2. Towner JS, Sealy TK, Khristova ML, et al. Newly discovered ebola virus
associated with hemorrhagic fever outbreak in Uganda. PLoS Pathog
2008; 4:1000212.

3. Bray M, Murphy FA. Filovirus research: knowledge expands to meet
a growing threat. ] Infect Dis 2007; 196 (Suppl 2):S438—43.

4. Geisbert TW, Hensley LE. Ebola virus: new insights into disease
aetiopathology and possible therapeutic interventions. Expert Rev Mol
Med 2004; 6:1-24.

5. Centers for Disease Control and Prevention. Update: filovirus infection
in animal handlers. MMWR Morb Mortal Wkly Rep 1990; 39:221.

6. Centers for Disease Control and Prevention. Update: filovirus in-
fections among persons with occupational exposure to nonhuman
primates. MMWR Morb Mortal Wkly Rep 1990; 39:266-7, 73.

7. Miranda MEG, White ME, Dayrit MM, Hayes CG, Ksiazek TG, Burans
JP. Seroepidemiological study of filovirus related to Ebola in the
Philippines. Lancet 1991; 337:425-6.

8. Centers for Disease Control and Prevention. Update: filovirus infection
associated with contact with nonhuman primates or their tissues.
MMWR Morb Mortal Wkly Rep 1990; 39:404-5.

9. Jahrling PB, Geisbert TW, Dalgard DW, et al. Preliminary report:
isolation of Ebola virus from monkeys imported to USA. Lancet 1990;
335:502-5.

10. Dalgard DW, Hardy RJ, Pearson SL, et al. Combined simian hemor-
rhagic fever and Ebola virus infection in cynomolgus monkeys. Lab
Anim Sci 1992; 42:152-7.

11. Fisher-Hoch SP, Brammer TL, Trappier SG, et al. Pathogenic potential
of filoviruses: role of geographic origin of primate host and virus strain.
] Infect Dis 1992; 166:753-63.

12. Ciorba A, Matteucci G, Perini L, Caristo ME, Brown D. Infezione da
virus Ebola nella scimmia: reperti clinici et anatomoistopatologici os-
servati new corso del primo episidio verificatosi in Europa. [Ebola virus
infection of monkeys: report of clinical and anatomic-histopathologic
observations in the course of the first verified outbreak in Europe].
Veterinaria (Cremona) 1997; 11:109-12.

13. Rollin PE, Williams R]J, Bressler DS, et al. Ebola (subtype Reston) virus
among quarantined nonhuman primates recently imported from the
Philippines to the United States. ] Infect Dis 1999; 179(Suppl 1):
S108-14.

14. Centers for Disease Control and Prevention. Ebola-Reston virus in-
fection among quarantined nonhuman primates—Texas, 1996. MMWR
Morb Mortality Wkly Rep (Atlanta) 1996; 45:314—6.

15. Centers for Disease Control and Prevention. Update: ebola-related
filovirus infection in nonhuman primates and interim guidelines for
handling nonhuman primates during transit and quarantine. MMWR
Morb Mortal Wkly Rep (Atlanta) 1990; 39:22-30.

16. Hayes CG, Burans JP, Ksiazek TG, et al. Outbreak of fatal illness
among captive macaques in the Philippines caused by an Ebola-related
filovirus. Am J Trop Med Hyg 1992; 46:664-71.

17. Barrette RW, Metwally SA, Rowland JM, et al. Discovery of swine as
a host for the Reston ebolavirus. Science 2009; 325:204—6.

18. Leroy EM, Kumulungui B, Pourrut X, et al. Fruit bats as reservoirs of
Ebola virus. Nature 2005; 438:575—6.

19. Pourrut X, Delicat A, Rollin PE, Ksiazek TG, Gonzalez JP, Leroy EM.
Spatial and temporal patterns of Zaire ebolavirus antibody prevalence
in the possible reservoir bat species. J Infect Dis 2007; 196(Suppl 2):
S176-83.

20. Pourrut X, Kumulungui B, Wittmann T, et al. The natural history of
Ebola virus in Africa. Microbes Infect 2005; 7:1005-14.

21. Swanepoel R, Smit SB, Rollin PE, et al. Studies of reservoir hosts for
Marburg virus. Emerg Infect Dis 2007; 13:1847-51.

22. Towner JS, Pourrut X, Albarino CG, et al. Marburg virus infection
detected in a common African bat. PLoS One 2007; 2:e764.

Ebola Reston Virus Infection of Pigs e JID 2011:204 (Suppl 3) e S809

$T0Z ‘€ 1800100 U Afeiqi EOIPBIN [AUSD e /Bio'sjeulnolpioxo pilj:dny woly pepeojumod


http://jid.oxfordjournals.org/

