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Abstract

Fruit bats are suspected to be a natural reservoir of filoviruses including Ebola and
Marburg viruses. Using an enzyme-linked immunosorbent assay based on the viral
glycoprotein antigens, we detected filovirus-specific immunoglobulin G antibodies in
71 of 748 serum samples collected from migratory fruit bats (Eidolon helvum) in
Zambia during 2006-2013. Though antibodies to African filoviruses (e.g., Zaire
ebolavirus) were most prevalent, some of the sera showed distinct specificity for Reston
ebolavirus, which that has thus far been found only in Asia. Interestingly, the transition
of filovirus species causing outbreaks in Central and West Africa during 2005-2014
appeared to be synchronized with the change of the serologically dominant virus species
in these bats. These data suggest the introduction of multiple species of filoviruses in
the migratory bat population and point to the need for continued surveillance of
filovirus infection of wild animals in sub-Saharan Africa, including hitherto

nonendemic countries.

Keywords: Ebola virus, Marburg virus, filovirus, specific antibody, fruit bat, Zambia
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Introduction

Ebola and Marburg viruses belonging to the Family Filoviridae cause severe
hemorrhagic fever in humans and nonhuman primates. While the genus Marburgvirus
consists of a single species, Marburg marburgvirus, five distinct species are known in
the genus Ebolavirus: Zaire ebolavirus, Sudan ebolavirus, Tai Forest ebolavirus,
Bundibugyo ebolavirus, and Reston ebolavirus [1]. Previous studies have suggested that
these filoviruses infect several different species of animals such as fruit bats, dogs,
duikers, and pigs [2-5]. Particularly, some species of fruit bats are suspected to be the
natural reservoir of Ebola and Marburg viruses [6-8].

Based on virus isolation and nucleotide sequence analyses, the cave-dwelling
Egyptian fruit bat (Rousettus aegyptiacus) was identified as a source of a Marburg virus
disease outbreak in Uganda in 2007 [6, 8]. By contrast, infectious Ebola viruses have
never been isolated from any fruit bat species, though small amounts of viral RNA
fragments (Zaire ebolavirus) and virus-specific antibodies were detected in some fruit
bat species (Hypsignathus monstrosus, Epomops franqueti, and Myonycteris torquata)
captured around endemic areas during the 2001-2003 Ebola virus disease outbreak in
Gabon and the Democratic Republic of the Congo (DRC) [4, 7].

The filovirus genomes encode at least seven structural proteins. Of these, the viral
surface glycoprotein (GP) is responsible for receptor binding and fusion of the viral
envelope with host cell membranes [9, 10] and is therefore the main target of
neutralizing antibodies. Most antibodies induced against filovirus GPs recognize

epitopes in the variable regions of the protein [11]. We have previously established an
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enzyme-linked immunosorbent assay (ELISA) using GP antigens, which enable us to
detect filovirus species-specific antibodies, and shown that GPs of all known species of
filoviruses are serologically distinguishable and it mirrors the phylogenetic relationship
among filovirus species [11].

Zambia has borders with the DRC, Zimbabwe and Angola, all of which have
suffered outbreaks of Ebola or Marburg virus disease, whereas there has been no report
of filovirus infection so far in any animal species, including humans, in Zambia.
However, considering its geographical position, Zambia seems to be a high risk country
that potentially could suffer an incursion of filovirus infection. Moreover, Zambia and
the surrounding countries such as the DRC and Angola likely share the large common
ecosystem providing habitats for various wild animals, including nonhuman primates
and fruit bats, both of which are known to be susceptible to filovirus infection [4, 6, 8].
In this study, we focused on migratory fruit bats (Eidolon helvum), which are commonly
found in Africa [12] and could likely be infected with Ebola virus as suggested by the
previous study initially demonstrating Ebola virus-specific antibodies in this bat species
[13], and a serological survey was carried out to detect filovirus-specific antibodies
using GP antigens of all known virus species of the genera Ebolavirus and

Marburgvirus.



104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

Materials and Methods

Animals and sera

Seven hundred forty-eight serum samples (from 263 males and 485 females) were
collected from wild healthy straw-colored fruit bat (Eidolon helvum) [12] caught in
Central Province and Copperbelt Province in Zambia from December 2006 to
December 2013 (Supplementary Table 1). Captured bats were euthanized with diethyl
ether, and blood and tissue samples were collected for antibody detection and
reverse-transcription polymerase chain reaction (RT-PCR) assays, respectively.
Dissection and tissue processing were carried out in a biosafety level 3 containment
facility at the Hokudai Center for Zoonosis Control in Zambia belonging to the
University of Zambia. All these activities were performed under the research project
“Molecular and serological surveillance of viral zoonoses in Zambia” approved by the

Zambia Wildlife Authority of the Republic of Zambia (Act No.12 of 1998).

ELISA

Filovirus GP-based ELISA was performed as described previously [11]. Briefly,
His-tagged soluble recombinant GPs of strains Mayinga (Zaire), Boniface (Sudan), Cote
d’Ivoire (Tai Forest), Bundibugyo (Bundibugyo), Pennsylvania (Reston) and Angola
(Angola), representing the filovirus species Zaire ebolavirus, Sudan ebolavirus, Tai
Forest ebolavirus, Bundibugyo ebolavirus, Reston ebolavirus, and Marburg

marburgvirus, respectively, were purified from the supernatants of human embryonic
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kidney 293T cells transfected with pCAGGS expressing each GP using a Ni-NTA
Purification System (Life Technologies). ELISA plates (Nunc MaxiSorp) were coated
with the GP antigens (100 ng of GP/50 pl/well) or control antigens (FCS-derived
proteins non-specifically bound to the Ni-beads), followed by blocking with 3% skim
milk (150 pl/well). Serum samples diluted at 1:100 or 4-fold serially diluted from 1:100
were added and incubated for 1 hour at room temperature. The bound antibodies were
visualized with a goat anti-bat immunoglobulin G (IgG)-heavy and light chain antibody
conjugated with horseradish  peroxidase (Bethyl Laboratories, Inc.) and
3,3°,5,5’-tetramethylbenzidine (Sigma-Aldrich). The reaction was stopped by adding 1
N sulfuric acid and the optical density (OD) at 450 nm was measured. To offset the
nonspecific antibody reaction, the OD value of the control antigen was subtracted from
that of each sample. Assays were conducted in duplicate or triplicate and averages were

used for further data analyses.

Western blotting

Serum samples were analyzed by western blotting as described previously [14].
293T cells were transfected with plasmids encoding filovirus (Zaire, Sudan, Tai Forest,
Bundibugyo, Reston, and Angola) GP, viral nucleoprotein (NP) and matrix protein
(VP40) genes to generate virus-like particles (VLPs). At 48 hours post-transfection,
VLPs were recovered from the pellets after centrifugation at 28,000 X g at 4 °C for 1.5
hours through a 25% sucrose cushion. Supernatants from 293T cells transfected with an

empty vector, pPCAGGS, were used as a negative control. VLPs were subjected to
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sodium dodecyl sulfate-polyacrylamide gel electrophoresis under non-reducing
conditions on 5-20% SuperSep (Wako) and blotted on a polyvinylidene difluoride
membrane (Millipore). Bat serum samples diluted at 1:100 were used as primary
antibodies, followed by detection with goat anti-bat 1gG-heavy and light chain antibody
conjugated with horseradish peroxidase (Bethyl). Mouse monoclonal antibodies
ZGP42/3.7 to Ebola virus GPs and AGP127-8 to Marburg virus GP were used as
positive control antibodies, followed by detection with goat anti-mouse 1gG-heavy and
light chain antibody conjugated with horseradish  peroxidase (Jackson
ImmunoResearch) [14]. The bound antibodies were visualized with Western Lightning

Plus-ECL (PerkinElmer) and detected by an ImageQuant LAS4000 (GE Healthcare).

RT-PCR

RT-PCR assay was performed as described previously [15]. Briefly, total RNA was
extracted from 140 ul of 10% (w/v) homogenates of spleens and/or livers of individual
fruit bats (367 bats captured in 2010-2013) with QlAamp Viral RNA Mini Kit
(QIAGEN) according to the manufacturer’s instructions. One-step RT-PCR targeting the
filovirus nucleoprotein gene was carried out using a QAIGEN OneStep RT-PCR kit
(QIAGEN) according to the manufacturer’s instructions. The filovirus-specific
universal primers FiloNP-Fm, FiloNP-Rm, FiloNP-Fe, and FiloNP-Re were used [15].
The one-step RT-PCR program consisted of reverse transcription at 50°C for 30 min and
initial PCR activation at 95°C for 15 min, followed by 50 cycles of denaturation at 94°C

for 15 s, annealing at 53°C for 30 s, extension at 72°C for 30 s and final extension at
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72°C for 7 min.

Statistics

All OD values obtained by GP-based ELISA (748 bats for 6 GP antigens) were
analyzed concurrently. Smirnov-Grubbs rejection tests were employed as described
previously [14]. Briefly, the highest OD value was first picked up, and the T value (Top
highest = |ODhighest — OD average1-4488|//ODstandard deviation1-2488) Was calculated for its statistical
significance based on the critical values given by the Smirnov-Grubbs test (n = 4488; T
=4.23, P <0.05). If it was considered to be an outlier, the T value for the second highest
OD value was then similarly tested without the highest one (Top 2nd highest = |OD2nd highest
— OD average1-4487//ODstandard deviation1-2487). These steps were repeated until the T value fell

to below the level of statistical significance (P < 0.05).
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Results
Screening of filovirus-specific 1gG antibodies by ELISA

Fruit bat serum samples were screened for IgG antibodies specific to the known
species of filoviruses (Figure 1), and the OD values obtained by GP-based ELISA were
analyzed statistically as described in Materials and Methods. Since there were no
control serum samples either positive or negative for filovirus antibodies in this fruit bat
species, it was not possible to set the cutoff value for the OD based on such control
populations. Instead, to determine statistical significance of each OD value, we
employed the Smirnov-Grubbs rejection test, which is widely used to detect
significantly higher or lower values (i.e., outliers) that do not belong to the population
consisting of all other values in the data set. Based on the distribution of the samples
(Supplementary Figure 1), we detected statistical outliers, and reasonably assumed that
the big peak represented the negative sample population and that the outliers (P < 0.05)
with significantly higher OD values did not belong to the negative group. Thus, these

statistical outlier samples were considered positive.

Filovirus species-specificity of serum IgG antibodies detected in fruit bats
ELISA-positive samples were analyzed for species-specificity among filoviruses by
comparing the OD values for each GP antigen. Representative data are shown in Figure
2. We found that the majority of the positive samples showed exclusive specificity for
one of the antigens. Antibodies to African filoviruses were predominant (i.e., Zaire,

Sudan, Tai Forest, Bundibugyo, or Angola), but some of the positive samples showed
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distinct reactivity to the antigen derived from Reston virus, which has thus far been
found only in Asia (i.e., the Philippines and China) [3, 16]. Specificities of
representative samples positive for each antigen were confirmed by western blotting
(Figure 3). Although 6 of the positive samples showed cross-reactivity to multiple virus
species (e.g., ZFB10-19 and ZFB09-35), there was little cross-reactivity across the
genus (i.e., Ebolavirus vs. Marburgvirus), consistent with previous studies [11, 14].
Filovirus-specific IgG antibodies were detected continuously in this fruit bat
species in Zambia during the years 2006-2013 (Table 1). In total, 2.5% (19/748), 2.5%
(19/748), 1.2% (9/748), 1.1% (8/748), and 1.2% (9/748) of the serum samples showed
the highest reactivity to Zaire, Sudan, Tai Forest, Bundibugyo, and Reston, respectively.
Overall, 8.6% (Ebola) and 0.9% (Marburg) of the samples were found to be
IgG-positive for filovirus GP antigens, respectively (Table 2). Endpoint antibody titers
of positive samples ranged between 1:100 and 1:6400 (Supplementary Table 2). No
significant difference was found in the overall positivity between genders (data not
shown). Filovirus RNA genomes were not detected in spleens and livers of the bats

captured in 2010-2013 (data not shown).

Tracing the history of outbreaks of filovirus diseases and serologically dominant
filovirus species in the bats.

Since 2000, outbreaks of Ebola virus diseases caused by several different virus
species have been reported (Supplementary Table 3) [17, 18]. We compared the filovirus

species that caused outbreaks in Central and West Africa and virus species for which
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specific antibodies were predominantly detected in the corresponding years (Figure 4).
Ebola virus (species Zaire ebolavirus) frequently appeared in the 2000s, but there were
no reported outbreaks due to this virus species between 2009 and 2013. Interestingly,
antibodies specific for Zaire ebolavirus were predominantly detected in the bats until
2010; however, none of the samples collected in 2011 and 2012 were positive for this
species. Antibodies specific for Zaire ebolavirus were then detected again in bats
collected in 2013. In contrast, epidemics caused by Sudan virus (species Sudan
ebolavirus), which were seen only twice in the 2000s, occurred through three
independent introductions into humans in 2011-2012. Correspondingly, while the
presence of the Sudan virus-specific antibody in bats was comparatively minor until
2008, the antibody positivity to Sudan virus increased and became dominant in 2010.
Bundibugyo virus (species Bundibugyo ebolavirus), which was first found in 2007,
caused an outbreak again in 2012, and the antibody positivity to Bundibugyo virus,
which was minor in 2006-2007, became prevalent in 2008 and 2011, which seemed to
be synchronized with two outbreaks caused by this virus in 2007-8 and 2012. Taken
together, the trend of the emerging filovirus species causing outbreaks in Central and
West Africa appeared to be parallel to the proportion of seropositivity to each filovirus

species in fruit bats tested in this study.
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Discussion

While fruit bats have been suspected to play some roles in the ecology of
filoviruses [7, 8, 19], it is still elusive whether fruit bats act as reservoirs continuously
maintaining the virus in nature. Although multiple strains of Marburg viruses were
isolated from wild-caught and apparently healthy cave fruit bats (Rousettus
aegyptiacus), which are common throughout Africa with distribution into the eastern
Mediterranean and Middle East [8], infectious Ebola viruses have never been isolated
from any bat species. Moreover, despite epidemiological efforts to discover the filovirus
genome in fruit bats, currently used RT-PCR methods have failed to detect even small
amounts of viral RNA [20] except for one report [7]. We also utilized universal primer
sets for RT-PCR to detect all known species of filoviruses [15], but were not able to find
any filovirus RNA genome in spleens and livers of the bats captured in 2010-2013 (data
not shown). Thus, no infectious Ebola virus has yet been found in fruit bats and the
presence of the viral RNA genome has not been fully proven.

Serological studies have been conducted for various fruit bats, including Eidolon
helvum; however, most of them focused mainly on the Zaire ebolavirus [13, 20-22]. Our
results showed that IgG antibodies specific to various filovirus species were detected in
the sera of this fruit bat species by using GP-based ELISA. In particular, it is
noteworthy that 1gG antibodies specific to Reston virus, which has been believed to be a
virus of Asian origin, were often detected during the years 2006-2013, suggesting the
existence of Reston or Reston-like viruses in Africa. This hypothesis may be supported

by the phylogenetic relationships among virus species (i.e., Reston ebolavirus and
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Sudan ebolavirus cluster together with similar phylogenetic distances to the other
known African filoviruses). Conversely, recent serological studies demonstrated that
IgG antibodies specific to filoviruses other than Reston virus (e.g., Zaire ebolavirus)
were detected in the sera of orangutans in Indonesia and fruit bats in Bangladesh [14,
21]. These reports suggest that filoviruses might be more widely distributed than
assumed hitherto. The present study also suggests the existence of multiple species of
filoviruses or unknown filovirus-related viruses in nonendemic areas in Africa.

Eidolon helvum is a migratory bat flying between the tropical forests of Central and
West Africa (endemic areas of filovirus diseases) and north-central Zambia during
October-December [12, 23]. Interestingly, filovirus species causing outbreaks in Central
and West Africa during 2005-2012 appeared to shift from Zaire ebolavirus to Sudan
ebolaviruses and Bundibugyo ebolavirus, synchronistically with the change of the
serologically dominant virus species in these bats. Although none of the samples
collected in 2011 and 2012 showed specificity for Zaire ebolavirus, antibodies to this
filovirus species were detected again in those collected in 2013, which corresponded to
the most recent West Africa outbreak caused by Zaire ebolavirus [24]. It is interesting to
hypothesize that the seroprevalence in this bat species might be influenced by the
overall activity and prevalence of filovirus species circulating in the natural reservoir(s)
in the central African area and that this might also be stochastically linked to the
probability of virus transmission into humans and nonhuman primates. If these bats act
as the reservoir of filoviruses, the seroprevalence of each filovirus species might simply

be a reflection of the shift of the proportion of multiple filoviruses maintained in the
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reservoir bat population. It is also conceivable that these bats do not act as filovirus
reservoirs but are frequently exposed to spillover of the viruses from other animals (i.e.,
authentic reservoirs) that continually produce infectious filoviruses in central Africa. In
the latter case, these migratory bats may be infected only transiently with filoviruses in
the endemic area and do not carry the virus to Zambia in October-December.

However, filovirus activities in nature are largely unknown and remain speculative.
Continuous surveillance of filovirus infection not only in this single species of fruit bats
but also in many other wild and domestic animals will be needed to fully understand
how filoviruses are perpetuated and circulating in nature. Our serological data raised the
possibilities that antibodies could be detected due to the potential infections by
unknown filoviruses that have similar antigenicities to either of known species, and/or
some antibodies are undetected since the GP antigenicity of such viruses is likely to be
distinct from those of known species. Therefore, further studies for virus isolation
and/or viral RNA detection from bats or other wild animals are needed.

It is possible that filoviruses consist of diverse members with different
pathogenicities and different perpetuation mechanisms. Indeed, a new filovirus, named
Lloviu virus, was detected in long-fingered bats (Miniopterus schreibersii) in Spain [25].
The role of domestic animals, especially pigs, in the ecology of filoviruses has also been
suggested [2, 3]. Although filovirus infection has been reported neither in humans nor
animals in Zambia, our findings point to the need to enhance the diagnostic capacity and
to continue the surveillance of filovirus infection of humans and nonhuman primates, as

well as wild and domestic animals, in nonendemic areas in Africa.
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Table 1. Filovirus species-specificity of the serum immunoglobulin G antibodies detected in Eidolon helvum in Zambia

Positive rates (no. positive/no. total)® to the respective antigens

Year Zaire Sudan Tai Forest Bundibugyo  Reston Angola
2006  4.7(5/107)  1.9(2/107)  1.9(2/107)  0(0/107) 2.8 (3/107) 0.9 (1/107)
2007 5.1 (5/99) 0 (0/99) 1.0 (1/99) 0 (0/99) 3.0(3/99)  1.0(1/99)
2008  1.9(2/103)  1.0(1/103)  1.0(1/103) 2.9(3/103) 0 (0/103) 1.0 (1/103)
2009 4.2 (3/72) 5.6 (4/72) 0 (0/72) 2.8 (2/72) 0 (0/72) 4.2 (3/72)
2010 3.9 (2/51) 3.9 (2/51) 0 (0/51) 0 (0/51) 0 (0/51) 0 (0/51)
2011 0 (0/95) 2.1 (2/95) 1.1(1/95) 2.1 (2/95) 1.1(1/95) 0 (0/95)
2012 0 (0/111) 1.8 (2/111)  2.7(3/111)  0(0/111) 0.9 (1/111)  0(0/111)
2013  1.8(2/110)  55(6/110)  0.9(1/110) 0.9(1/110)  0.9(1/110) 0.9 (1/110)
Total  2.5(19/748) 2.5(19/748) 1.2(9/748) 1.1(8/748)  1.2(9/748) 0.9 (7/748)

® The filovirus species for which each positive sample had the highest optical density value in the glycoprotein (GP)-based

enzyme-linked immunosorbent assay was selected when a sample showed cross-reactivity to GPs of multiple species.
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Table 2. Comparison of immunoglobulin G positive rates to filovirus antigens

Positive rates (no. positive/no. total) to the respective antigens

Year Ebola Marburg Total

2006  11.2 (12/107) 0.9 (1/107) 12.1 (13/107)
2007 9.1 (9/99) 1.0 (1/99) 10.1 (10/99)
2008 6.8 (7/103) 1.0 (1/103) 7.8 (8/103)
2009  12.5(9/72) 4.2 (3/72) 16.7 (12/72)
2010 7.8 (4/51) 0 (0/51) 7.8 (4/51)
2011 6.3 (6/95) 0 (0/95) 6.3 (6/95)
2012 5.4 (6/111) 0 (0/111) 5.4 (6/111)
2013 10.0 (11/110) 0.9 (1/110) 10.9 (12/110)
Total 8.6 (64/748) 0.9 (7/748) 9.5 (71/748)
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Figure legends

Figure 1. Immunoglobulin G (IgG) antibodies detected in the sera collected from
Eidolon helvum in Zambia.

Serum samples were tested (1:100 dilution) for IgG antibodies specific to Zaire, Sudan,
Tai Forest, Bundibugyo, and Reston viruses, and Angola Marburg virus by
glycoprotein-based enzyme-linked immunosorbent assay. All optical density (OD)
values were subjected to the Smirnov-Grubbs rejection test to discriminate the positive
(i.e. significantly higher OD values) from the negative population (Supplementary

Figure 1).

Figure 2. Filovirus species-specificity of immunoglobulin G (IgG) antibodies in
glycoprotein (GP)-based enzyme-linked immunosorbent assay (ELISA).

Serum samples diluted at 1:100 were tested for 1gG antibodies reacting with GP
antigens in ELISA. Optical density (OD) values obtained for all filovirus antigen were
compared. Four representative data for each filovirus antigen are shown. Sample 1Ds

are shown on the horizontal axis.

Figure 3. Reactivity of filovirus GP antibody-positive samples in western blotting.
Representative positive sera diluted at 1:100 were tested for the reactivity to Zaire
(ZFB06-21), Sudan (ZFB11-63), Tai forest (ZFB11-14), Bundibugyo (ZFB11-16),

Reston (ZFB06-41) and Angola (ZFB13-56) GPs in western blotting. Mouse
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monoclonal antibodies ZGP42/3.7 and AGP127-8 were used as positive controls for
Ebola and Marburg viruses, respectively. Z, Zaire; S, Sudan; T, Tai Forest; B,

Bundibugyo; R, Reston; A, Angola; N, negative control.

Figure 4. Seroprevalence of each filovirus species and reported outbreaks in
Central and West Africa since 2005.

Relative percentages of the immunoglobulin G positive samples for each filovirus
species are shown in the stacked bar chart (left). The reported filovirus outbreaks in
humans in the Central and West African countries since 2005 are summarized (right).

DRC, Democratic Republic of the Congo.

24



Figure clean

Click hege to download Figure: Ogawa_Anti-filovirus_IgG_in_Zambian_fruit_bats Figures_revised_clean.pptx

Zaire
1.5

1

ODas0

A -

2<

2<

Sudan
1.5

ODas0

2<

Tai Forest

ODas0

Bundibugyo

ODas0
[ERN

Reston

1.5

ODas0

0.5

(i Mwwuu\u

\HMMMHMHMM ul

o m

Angola

1.5

1

ODas0

0.5
0 i

Year 2006 \ 2007 . 2008 . 2009 |, 2010 , 2011 \ 2012 \

\MHH HMMHHH\HHH e TR AR T

2013 .

Samples (n = 748)

Figure 1


http://www.editorialmanager.com/jid/download.aspx?id=497898&guid=fe8ccfab-4934-4568-8475-f5b500bd0dd9&scheme=1

2 7 Zaire 3 Bundibugyo
2.5 -
1.5 -
3 2 -
a)
o 1- 15 -
1 u
0.5 ~
0.5 -
0 - 0 -
N 9 Q &) o o) &) \)
Q@ﬂ' qu 6\51' \QI\ N 2 \(b,'\ \,\,b‘
> & & R & & R R
DO MR M A MO S
3 1 Sudan 1.5 1 Reston
2.5 -
2 2 1-
a)
O 15 -
11 0.5 -
0.5 ~
0 - 0 -
% % X 50 o N % ©
S o0 N D ¥ X e b
RPNy S T X &5
L L L5 £ £ L §
3 7 Tai Forest 2 1 Angola
2.5 A
1.5 -
g 2
a)
O 15 - 1 -
1 u
0.5 A
0.5 A
0 - 0 -
/\‘b QDQ/ o_;l/ Na © N o) N
Q;\q/, Q)\,v S $ Q;\,\, Q)\,b?a Q)Q,\fb Q)Qq,v Q)@,v
DR MO M MO MR M
B zaire B Sudan I Tai Forest
B Bundibugyo B Reston I Angola

Figure 2



cP{

cP{

cP{

ZFB06-21

ZFB11-63

ZFB11-14 (kDa)

£

=250

- =150

=100

ZSTBRAN

ZFB11-16

ZSTBRAN

ZFB06-41

ZSTBRAN

ZFB13-56 (kDa)

=250

=150

=100

ZSTBRAN

ZGP42/3.7

ZSTBRAN

AGP127-8

.

ZSTBRAN

ZSTBRAN

ZSTBRAN

(kDa)
=250

=150

=100

Figure 3



Relative percentage in bats Reported human cases

o
A
o

1

o

0
2005 DRC, Zaire ebolavirus

2006

2007 DRC, Zaire ebolavirus

2007 2007 Uganda, Marburgvirus

2007-8 Uganda, Bundibugyo ebolavirus
2008

2008-9 DRC, Zaire ebolavirus
2009

2010

2011 Uganda, Sudan ebolavirus
2012 DRC, Bundibugyo ebolavirus
2012 Uganda, Marburgvirus

2011

2012
2012 Uganda, Sudan ebolavirus

2013

jittll

2013-14 Guinea, etc. Zaire ebolavirus
2014 DRC, Zaire ebolavirus
2014 Uganda, Marburgvirus

B zaire P Sudan [ Tai Forest

B Bundibugyo [ Reston [ Angola

Figure 4



Supplementary Table 1 clean

Supplementary Table 1. Summary of the fruit bat serum samples analyzed

No. of fruit bats

Date Province District M F Total
December 2, 2006 Central Province Serenje District 31 16 47
December 9, 2006 Central Province Serenje District 20 40 60
November 30, 2007  Central Province Serenje District 7 58 65
December 7, 2007 Central Province Serenje District 19 15 34
November 28, 2008  Central Province Serenje District 28 52 80
December 13,2008  Central Province Serenje District 10 13 23
December 1, 2009 Central Province Serenje District 19 53 72
December 6, 2010 Central Province Serenje District 13 34 47
December 10,2010  Copperbelt Province  Ndola District 3 1 4
December 2, 2011 Copperbelt Province  Ndola District 18 20 38
December 5, 2011 Central Province Serenje District 24 33 57
November 30, 2012  Copperbelt Province  Ndola District 22 38 60
December 7, 2012 Central Province Serenje District 16 35 51
December 5, 2013 Copperbelt Province  Ndola District 23 53 76
December 10, 2013  Central Province Serenje District 10 24 34

Total

263 485 748




Supplementary Table 2 clean

Supplementary Table 2. Serum immunoglobulin G antibody titers of the positive

sera
ELISA endpoint titers®

Antigen 100 400 1600 6400
Zaire o 16 2 1
Sudan 0 16 3 0

Tai Forest 0 6 3 0
Bundibugyo 0 5 2 1
Reston 1 7 1 0
Angola 1 4 1 1

% Titers were expressed as the reciprocal of the highest dilution which gave an optical
density value above background. ELISA, enzyme-linked immunosorbent assay.
® Number of the samples with indicated titers are shown.
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Supplementary Table 3. The epidemics of filovirus diseases in humans in Central
and West Africa since 2000

Filovirus disease Species Year Country* No. of cases Fatality

(No. of deaths) (%)

Marburg hemorrhagic fever Marburg marburgvirus 2004-2005 Angola 252 (227) 90.1
2007 Uganda 2(2) 100
2012 Uganda 23 (15) 65.2
2014 Uganda 1(1) 100
Ebola hemorrhagic fever Zaire ebolavirus 2001-2002 Gabon, RC 122 (96) 78.7
2002-2003 RC 178 (157) 88.2
2005 RC 12 (9) 75.0
2007 DRC 264 (187) 70.8
2008-2009 DRC 32 (15) 46.9

2013-2014 Guinea, Liberia, 21826 (8689)° 39.8
Sierra Leone,

Nigeria,  Senegal,

Mali
2014 DRC 66 (49) 74.2
Sudan ebolavirus 2000-2001 Uganda 425 (224) 52.7
2004 South Sudan 17 (7) 41.2
2011 Uganda 1(1) 100
2012a Uganda 24 (17) 70.8
2012b Uganda 74 57.1
Bundibugyo ebolavirus 2007-2008 Uganda 149 (37) 24.8
2012 DRC 77 (36) 46.8

® RC and DRC indicate Republic of the Congo and Democratic Republic of the Congo,
respectively.
® As of January 20, 2015.
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Supplementary Figure 1. The frequency distribution of the fruit bat sera according
to optical density (OD) values obtained by glycoprotein (GP)-based enzyme-linked
immunosorbent assay (ELISA).

All OD values obtained by ELISA with GP antigens from filovirus strains (Zaire,
Sudan, Tai Forest, Bundibugyo, Reston, and Angola) representing the respective
filovirus species were analyzed concurrently (n = 4488). The frequency distribution
chart reveals that the sample population consists of a single major peak with low OD
values and outliers with high OD values. Smirnov-Grubbs rejection tests were
employed to evaluate the statistical significance of each OD value (P < 0.05), and

statistical outlier samples (more than 0.485) were considered positive.
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