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Abstract

While Reston and Lloviu viruses have never been associated with human disease, the other
filoviruses cause outbreaks of hemorrhagic fever characterised by person-to-person transmission
and high case fatality ratios. Cumulative evidence suggests that bats are the most likely reservoir
hosts of the filoviruses. Ecological investigations following Marburg virus disease outbreaks
associated with entry into caves inhabited by Rousettus aegyptiacus bats led to the identification of
this bat species as the natural reservoir host of the marburgviruses. Experimental infection of ~.
aegyptiacus with Marburg virus has provided insight into the natural history of filovirus infection
in bats that may help guide the search for the reservoir hosts of the ebolaviruses.

Filovirus history and geographic range

The phylogeny illustrates the genetic relationships between the filoviruses and the associated
map shows the known range of filovirus circulation according to virus (Figure 1). Marburg
virus (MARV) was first described in 1967 following two successive filo-virus hemorrhagic
fever (FHF) outbreaks among German and former-Yugoslavian laboratory workers that had
handled primates imported from Ugandal. Ravn virus (RAVV), also a marburgvirus, was
initially isolated from a 1987 fatal case in Kenya?. Nearly simultaneous FHF outbreaks in
present-day South Sudan and the Demaocratic Republic of the Congo (DRC), led to the
identification of Sudan virus (SUDV)3 and Ebola virus (EBOV)?, respectively. Reston virus
was discovered in 1989 following an epizootic of FHF among macaques exported to the
United States from the Philippines®. Tace Forest virus has been isolated once only from a
nonfatal case that became ill following the necropsy of a chimpanzee that died from a
hemorrhagic disease in Céte d’lvoire in 19946. Bundibugyo virus was initially isolated
during a FHF outbreak in Uganda in 20077. Lloviu virus was identified during the
investigation of a die-off of Miniopterus schreibersiibats in Spain in 20028, A partial
genomic sequence recovered from a Rousettus leschenaultii bat captured in China in 2013
likely represents a novel filovirus®. Ecological niche modelling has confirmed the known
range of filovirus circulation and has predicted additional areas throughout sub-Saharan
Africa and Southeast Asia that are suitable for zoonotic transmission of filoviruses10-13,
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Evidence suggests that bats are natural reservoir hosts of the filoviruses

Although contact with non-human primate or duiker tissue has been linked to FHF
outbreaks14-16  the high mortality caused by filoviruses in these animals indicate that they
are only incidental hosts. However, FHF outbreak investigations have revealed that many of
the index cases had entered environments inhabited by bats prior to disease onset. In 1975,
MARYV disease occurred in a tourist that had stayed in two hotels populated with bats and
visited Chinhoyi Caves in present-day Zimbabwe 8-9 days prior to disease onsetl’. The
index case in the 1976 outbreak of SUDV disease worked at a cotton factory containing
Mops trevorit® and the index case in the 1979 SUDV disease outbreak worked at the same
factory19, Fifteen days before becoming ill, the index case in the 1980 MARYV disease
outbreak had entered Kenya’s bat-populated Elgon Caves? and the 1987-isolated case of
RAVV disease had visited Kenya’s Kitum Cave prior to becoming ill20. After the large 1995
epidemic of EBOV disease in present-day DRC, 24 plant and 19 vertebrate and invertebrate
native species were experimentally inoculated with EBOV2L. Three bat species (Mops
conaylurus, Chaerephon pumilus and Epomophorus wahlbergi) supported EBOV replication
and seroconverted in the absence of overt clinical disease, while the remaining animal and
plant species were refractory to virus infection. These findings supported the accumulating
number of links between FHF index cases and prior exposure to environments inhabited by
bats. This linkage became stronger when it was discovered that 52% of the 154 cases in a
series of MARV disease outbreaks in the DRC between 1998 and 2000 worked in the
underground Goroumbwa Mine known to house hundreds of thousands of bats?2. In 2007,
an EBOV disease outbreak followed a reported annual migration of Hypsignathus
monstrosus and Epomaops franqueti and the putative index case had purchased bats for
consumption23. The index cases in a series of MARV and RAVYV disease outbreaks in 2007
worked in Kitaka Mine, Uganda2* and two cases of MARV disease were found in tourists
that had separately visited nearby-Python Cave in 20082526,

Rousettus aegyptiacus identified as a natural reservoir host for the

marburgviruses

Ecological investigations following the 2007-2008 MARV and RAVV disease outbreaks in
Uganda revealed that Kitaka Mine and Python Cave were inhabited by large numbers of R.
aeqyptiacus®®2’. Follow-up longitudinal studies of . aegyptiacus populations at these sites
revealed a consistent prevalence of both MARV and RAVV infection in 2-5% of the bats.
Genetically diverse marburgviruses were isolated from bat tissues that were genetically
similar to those sequences generated from outbreak cases. Further, the studies found a
temporal association between marburgvirus spillover events, biannual pulses of active
MARYV infection in juvenile bats and the biannual birthing season. These studies provided
the evidence needed to definitively identify R. aegyptiacus as a natural reservoir host of the
marburgviruses and a source of spillover into the human population.

Natural history of MARV infection in R. aegyptiacus

Following the discovery of R. aegyptiacus as the natural reservoir host for the
marburgviruses, experimental studies were initiated to investigate the natural history of virus
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infection in this bat species. The first published study by Paweska et a/. found that bats
inoculated by the intraperitoneal and subcutaneous routes with a Vero cell-adapted, human-
derived MARYV strain exhibited viral replication in multiple tissues in the absence of overt
illness followed by seroconversion, while bats dually inoculated by the oral and nasal routes
showed no evidence of infection within the 21-day study period?8. A second study by
Amman et al. found that bats subcutaneously inoculated with a low-passage, bat-derived
MARYV strain shed virus in their oral secretions up to 11 days following infection and led to
the hypothesis that the virus may be horizontally transmitted between bats through direct
and/or indirect contact with infectious oral secretions or biting2®. To investigate the
mechanisms of bat-to-bat MARV transmission, a third study by Paweska et a/. housed
groups of donor bats inoculated with a human MARYV strain with naive contact bats in
direct, indirect or airborne contact and monitored for evidence of infection for 42 days3°. No
evidence of infection was detected in the contact bats; however, the inoculated bats shed
little to no MARYV in their bodily fluids and were serially sacrificed as the study progressed.
The possibility that hematophagous ectoparasitic argasid ticks (Ornithodoros faini) found in
large colonies of R. aegyptiacus might facilitate marburgvirus transmission was ruled-out
when >3000 O. faini ticks collected from Python Cave tested negative for marburgvirus
RNAS3L, Further studies are needed to determine how MARYV is maintained in its natural
reservoir host.

Search for the natural reservoir hosts of the ebolaviruses

Although the index cases of ebolavirus disease outbreaks have been linked to bats, they have
never been associated with a particular environment, such as caves, like the index cases of
marburgvirus disease outbreaks. Therefore, the search for the reservoir hosts of the
ebolaviruses has involved testing a wide-range of wild-caught, forest-dwelling bats for
evidence of ebolavirus infection. Serological reactivity of bat sera with ebolavirus antigen
has been detected in 307 bats representing at least 17 species throughout sub-Saharan Africa
and Asia32-40, Evidence of active ebolavirus infection has been found in seven bat species —
EBOV RNA has been detected in three solitary, forest-dwelling frugivorous species (£.
franqueti, H. monstrosus and Myonycteris torquata) captured in Gabon and the Republic of
Congo32 and RESTV RNA has been detected in four diverse species (Chaerephon plicatus,
Cynopterus brachyotis, Miniopterus australis and M. schreibersii) captured in the
Philippines3°. However, infectious ebolavirus has never been isolated from any of these bat
species. Consequently, it is unknown whether they are primary reservoir hosts of the virus,
secondary reservoir hosts that play a minor role in virus maintenance or incidental dead-end
hosts that are susceptible to infection, but do not shed infectious virus. It is interesting to
note that MARV RNA in the absence of infectious virus has been detected in Miniopterus
inflatus, Rhinolophus eloquens and Hipposideros sp. bats that roost with R. aegyptiacus?**1.
Similarly, investigations examining the susceptibility of R. aegyptiacus bats to experimental
infection with each of the five ebolaviruses demonstrated very limited replication and no
viral shedding followed by seroconversion#243, These findings suggest that sporadic
detection of filovirus RNA or IgG antibodies from wild-caught bats may only represent virus
spillover resulting from contact with a primary reservoir host.
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Expectations of a filovirus natural reservoir host

Based on what we have learned about marburgvirus infection in R. aegyptiacus, we would
expect the reservoir hosts of the ebola-viruses to have a consistent prevalence of both active
and past infection, shed sufficiently high levels of infectious virus to maintain virus
circulation in the population and exhibit host population dynamics conducive to virus
transmission. Host population-level virus persistence is highly dependent on host population
dynamics, particularly community size and annual fluctuations in age-structure from births
and deaths. Mathematical modelling of marburg-virus transmission in a closed population of
R. aegyptiacus revealed that the virus was only able to persist if the model included: (1) a
biannual breeding component that provided a twice-yearly influx of susceptible juveniles;
(2) a latent period of >21 days; and (3) a host population size =20 000%4. This suggests that
if the natural reservoirs of the ebolaviruses are a solitary bat species that only congregates
during the breeding season(s), host population-level virus maintenance may depend on other
mechanisms such as persistent infection with intermittent shedding, as has been observed
with other bat-borne viruses#*>-49. The large number of bat species within the geographical
range of ebolavirus circulation complicates the search for the natural reservoir host of these
viruses. In an effort to guide field sampling efforts, Peterson et a/. used a series of biological
principles to develop a priority list of mammalian clades that coincided with past filovirus
disease outbreaks®® and Han et a/. used a machine learning algorithm to identify potential
filovirus-positive bat species based on intrinsic trait similarity with known filovirus RNA-,
isolation- and antibody- positive bat species®?.

For more information on filoviruses and bats, we would like to direct readers to recent
overviews published by Olival and Hayman®2, Wood er a/.>3, Leendertz et a/>* and Amman
et aP®.

Acknowledgments

The findings and conclusions in this report are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.

References

1. Smith MW. Field aspects of the Marburg virus outbreak: 1967. Primate Supply. 1982; 7:11-15.

2. Smith DH, et al. Marburg-virus disease in Kenya. Lancet. 1982; 319:816-820. DOI: 10.1016/
S0140-6736(82)91871-2

3. Report of a WHO/International Study Team. Ebola haemorrhagic fever in Sudan, 1976. Bull World
Health Organ. 1978; 56:247-270. [PubMed: 307455]

4. Report of an International Commission. Ebola haemorrhagic fever in Zaire, 1976. Bull World Health
Organ. 1978; 56:271-293. [PubMed: 307456]

5. Miranda ME, et al. Epidemiology of Ebola (subtype Reston) virus in the Philippines, 1996. J Infect
Dis. 1999; 179:5S115-S119. DOI: 10.1086/514314 [PubMed: 9988174]

6. Formenty P, et al. Human infection due to Ebola virus, subtype Cote d’lvoire: clinical and biologic
presentation. J Infect Dis. 1999; 179:548-S53. DOI: 10.1086/514285 [PubMed: 9988164]

7. Towner JS, et al. Newly discovered Ebola virus associated with hemorrhagic fever outbreak in
Uganda. PLoS Pathog. 2008; 4:¢1000212.doi: 10.1371/journal.ppat.1000212 [PubMed: 19023410]

8. Negredo A, et al. Discovery of an ebolavirus-like filovirus in Europe. PLoS Pathog. 2011;
7:€1002304.doi: 10.1371/journal.ppat.1002304 [PubMed: 22039362]

. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schuh et al.

Page 5

9. He B, et al. Filovirus RNA in fruit bats, China. Emerg Infect Dis. 2015; 21:1675-1677. DOI:
10.3201/eid2109.150260 [PubMed: 26291173]

10. Peterson AT, et al. Ecologic and geographic distribution of filovirus disease. Emerg Infect Dis.
2004; 10:40-47. DOI: 10.3201/eid1001.030125 [PubMed: 15078595]

11. Peterson AT, et al. Geographic potential for outbreaks of Marburg hemorrhagic fever. Am J Trop
Med Hyg. 2006; 75:9-15. [PubMed: 16837700]

12. Pigott DM, et al. Mapping the zoonotic niche of Ebola virus disease in Africa. eLife. 2014;
3:e04395.doi: 10.7554/eL.ife.04395 [PubMed: 25201877]

13. Pigott DM, et al. Mapping the zoonotic niche of Marburg virus disease in Africa. Trans R Soc Trop
Med Hyg. 2015; 109:366-378. DOI: 10.1093/trstmh/trv024 [PubMed: 25820266]

14. Le Guenno B, et al. Isolation and partial characterisation of a new strain of Ebola virus. Lancet.
1995; 345:1271-1274. DOI: 10.1016/S0140-6736(95)90925-7 [PubMed: 7746057]

15. Leroy EM, et al. Multiple Ebola virus transmission events and rapid decline of central African
wildlife. Science. 2004; 303:387-390. DOI: 10.1126/science.1092528 [PubMed: 14726594]

16. Georges AJ, et al. Ebola hemorrhagic fever outbreaks in Gabon, 1994-1997: epidemiologic and
health control issues. J Infect Dis. 1999; 179:S65-S75. DOI: 10.1086/514290 [PubMed: 9988167]

17. Conrad JL, et al. Epidemiologic investigation of Marburg virus disease, Southern Africa, 1975. Am
J Trop Med Hyg. 1978; 27:1210-1215. [PubMed: 569445]

18. Arata, AA., et al. Approaches towards studies on potential reservoirs of viral haemorrhagic fever in
southern Sudan (1977). In: Pattyn, SR., editor. Ebola virus haemorrhagic fever. Elsevier/
Netherland Biomedical; 1978. p. 191-202.

19. Baron RC, et al. Ebola virus disease in southern Sudan: hospital dissemination and intrafamilial
spread. Bull World Health Organ. 1983; 61:997-1003. [PubMed: 6370486]

20. Johnson ED, et al. Characterization of a new Marburg virus isolated from a 1987 fatal case in
Kenya. Arch Virol Suppl. 1996; 11:101-114. [PubMed: 8800792]

21. Swanepoel R, et al. Experimental inoculation of plants and animals with Ebola virus. Emerg Infect
Dis. 1996; 2:321-325. DOI: 10.3201/eid0204.960407 [PubMed: 8969248]

22. Bausch DG, et al. Marburg hemorrhagic fever associated with multiple genetic lineages of virus. N
Engl J Med. 2006; 355:909-919. DOI: 10.1056/NEJM0a051465 [PubMed: 16943403]

23. Leroy EM, et al. Human Ebola outbreak resulting from direct exposure to fruit bats in Luebo,
Democratic Republic of Congo, 2007. Vector Borne Zoonotic Dis. 2009; 9:723-728. DOI:
10.1089/vbz.2008.0167 [PubMed: 19323614]

24. Towner JS, et al. Isolation of genetically diverse Marburg viruses from Egyptian fruit bats. PLoS
Pathog. 2009; 5:1000536.doi: 10.1371/journal.ppat.1000536 [PubMed: 19649327]

25. Timen A, et al. Response to imported case of Marburg hemorrhagic fever, the Netherlands. Emerg
Infect Dis. 2009; 15:1171-1175. DOI: 10.3201/eid1508.090015 [PubMed: 19751577]

26. Centers for Disease Control and Prevention. Imported case of Marburg hemorrhagic fever —
Colorado, 2008. Morb Mortal Weekly Rep. 2009; 58:1377-1381.

27. Amman BR, et al. Seasonal pulses of Marburg virus circulation in juvenile Rousettus aegyptiacus
bats coincide with periods of increased risk of human infection. PLoS Pathog. 2012;
8:€1002877.doi: 10.1371/journal.ppat.1002877 [PubMed: 23055920]

28. Paweska JT, et al. Virological and serological findings in Rousettus aegyptiacus experimentally
inoculated with Vero cells-adapted Hogan strain of Marburg virus. PLoS One. 2012; 7:e45479.doi:
10.1371/journal.pone.0045479 [PubMed: 23029039]

29. Amman BR, et al. Oral shedding of Marburg virus in experimentally infected Egyptian fruit bats
(Rousettus aegyptiacus). I Wildl Dis. 2015; 51:113-124. DOI: 10.7589/2014-08-198 [PubMed:
25375951]

30. Paweska JT, et al. Lack of Marburg virus transmission from experimentally infected to susceptible
in-contact Egyptian fruit bats. J Infect Dis. 2015; 212:5109-S118. DOI: 10.1093/infdis/jiv132
[PubMed: 25838270]

31. Schuh AJ, et al. No evidence for the involvement of the argasid tick Ornithodoros fainiin the
enzootic maintenance of marburgvirus within Egyptian rousette bats Rousettus aegyptiacus.
Parasit Vectors. 2016; 9:128.doi: 10.1186/s13071-016-1390-z [PubMed: 26944044]

. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schuh et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 6

Leroy EM, et al. Fruit bats as reservoirs of Ebola virus. Nature. 2005; 438:575-576. DOI:
10.1038/438575a [PubMed: 16319873]

Pourrut X, et al. Spatial and temporal patterns of Zaire ebolavirus antibody prevalence in the
possible reservoir bat species. J Infect Dis. 2007; 196:5176-S183. DOI: 10.1086/520541
[PubMed: 17940947]

Pourrut X, et al. Large serological survey showing cocirculation of Ebola and Marburg viruses in
Gabonese bat populations, and a high seroprevalence of both viruses in Rousettus aeqyptiacus.
BMC Infect Dis. 2009; 9:159.doi: 10.1186/1471-2334-9-159 [PubMed: 19785757]

Hayman DT, et al. Long-term survival of an urban fruit bat seropositive for Ebola and Lagos bat
viruses. PLoS One. 2010; 5:11978.doi: 10.1371/journal.pone.0011978 [PubMed: 20694141]
Hayman DT, et al. Ebola virus antibodies in fruit bats, Ghana, West Africa. Emerg Infect Dis.
2012; 18:1207-1209. DOI: 10.3201/eid1807.111654 [PubMed: 22710257]

Yuan J, et al. Serological evidence of ebolavirus infection in bats, China. Virol J. 2012; 9:236.doi:
10.1186/1743-422X-9-236 [PubMed: 23062147]

Olival KJ, et al. Ebola virus antibodies in fruit bats, Bangladesh. Emerg Infect Dis. 2013; 19:270-
273. DOI: 10.3201/id1902.120524 [PubMed: 23343532]

Jayme Sl, et al. Molecular evidence of Ebola Reston virus infection in Philippine bats. Virol J.
2015; 12:107.doi: 10.1186/s12985-015-0331-3 [PubMed: 26184657]

Ogawa H, et al. Seroepidemiological prevalence of multiple species of filoviruses in fruit bats
(Eidolon helvurm) migrating in Africa. J Infect Dis. 2015; 212:5101-S108. DOI: 10.1093/infdis/
jiv063 [PubMed: 25786916]

Swanepoel R, et al. Studies of reservoir hosts for Marburg virus. Emerg Infect Dis. 2007; 13:1847—
1851. DOI: 10.3201/eid1312.071115 [PubMed: 18258034]

Jones ME, et al. Experimental inoculation of Egyptian rousette bats (Rousettus aegyptiacus) with
viruses of the Ebolavirus and Marburgvirus genera. Viruses. 2015; 7:3420-3442. DOI: 10.3390/
v7072779 [PubMed: 26120867]

Paweska JT, et al. Experimental inoculation of Egyptian fruit bats (Rousettus aegyptiacus) with
Ebola virus. Viruses. 2016; 8:29.doi: 10.3390/v8020029

Hayman DT. Biannual birth pulses allow filoviruses to persist in bat populations. Proc Biol Sci.
2015; 282:20142591.doi: 10.1098/rspb.2014.2591 [PubMed: 25673678]

Constantine DG, et al. Latent infection of Rio Bravo virus in salivary glands of bats. Public Health
Rep. 1964; 79:1033-1039. DOI: 10.2307/4592318 [PubMed: 14234343]

Baer GM, et al. Bat salivary gland virus carrier state in a naturally infected Mexican freetail bat.
Am J Trop Med Hyg. 1966; 15:769-771. [PubMed: 4288194]

Lumsden WH, et al. A virus from insectivorous bats in Uganda. Ann Trop Med Parasitol. 1961,
55:389-397. DOI: 10.1080/00034983.1961.11686063 [PubMed: 14467337]

Bell JF, et al. A new virus, ‘MML’, enzootic in bats (Myotis lucifugus) of Montana. Am J Trop
Med Hyg. 1964; 13:607-612. [PubMed: 14198669]

Sulkin SE, et al. Studies on the pathogenesis of rabies in insectivorous bats. | Role of brown
adipose tissue. J Exp Med. 1959; 110:369-388. DOI: 10.1084/jem.110.3.369 [PubMed: 13835624]
Peterson AT, et al. Potential mammalian filovirus reservoirs. Emerg Infect Dis. 2004; 10:2073—
2081. DOI: 10.3201/eid1012.040346 [PubMed: 15663841]

Han BA, et al. Undiscovered bat hosts of filoviruses. PLoS Negl Trop Dis. 2016; 10:e0004815.doi:
10.1371/journal.pntd.0004815 [PubMed: 27414412]

Olival KJ, Hayman DTS. Filoviruses in bats: current knowledge and future directions. Viruses.
2014; 6:1759-1788. DOI: 10.3390/v6041759 [PubMed: 24747773]

Wood JL, et al. Ebola, bats and evidence-based policy: informing Ebola policy. EcoHealth. 2016;
13:9-11. DOI: 10.1007/s10393-015-1050-3 [PubMed: 26242214]

Leendertz SA, et al. Assessing the evidence supporting fruit bats as the primary reservoirs for
Ebola viruses. EcoHealth. 2016; 13:18-25. DOI: 10.1007/510393-015-1053-0 [PubMed:
26268210]

. Author manuscript; available in PMC 2018 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Schuh et al.

Biography

Page 7

55. Amman, BR., et al. Ecology of filoviruses. In: Muehlberger, E., et al., editors. Marburg and Ebola
viruses: from ecosystems to molecules. Springer; In pressCurrent Topics in Microbiology and
Immunology

3} e

Amy Schuh, PhD is a microbiologist, Brian Amman, PhD is an ecologist and Jonathan
Towner, PhD is the Team Lead of the Virus-Host Ecology Section at the Viral Special
Pathogens Branch at the United States Centers for Disease Control and Prevention. They
conduct ecological investigations aimed at identifying the reservoir hosts of the filoviruses
and use captive-born R. aegyptiacus bats to study the mechanisms of filovirus maintenance
and virus spillover to humans.

. Author manuscript; available in PMC 2018 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Schuh et al.

Page 8

Isolate (vear) Virus Species Genus
-+ ++01DRC (1999) | 7 7
100( | - - - - Ozolins (1975)
Marbure
Gl el SR Popp (1967) Tt
69 (- - - - -Musoke (1967)
50 Marburgvirus
s Marburg
100 - Ang 0126 (2005) - marburgvirus
| EEEE Ravn (1987) ']
55 [10- - - - 188 Bat (2007) Ravm
1 6411 ... .09 DRC (1999)
e BIFV/WDO04 (2013)
B VS Liver-86 (2013) — OVU LoV gy
virus cuevavirus
100 [ Makona (2014) | 7 7
: Ebola Zaire
L | L Mayinga (1976) virus ebolavirus
50 1Y e — 807460 (1994) | ]
100
. Tai Forest Tai Forest
. """""" Tai Forest (1994) = virus  ebolavirus
] I 1 EETRRRR Bundibugyo (2007 7] i
undbugyo. ) Bundibugyo | Bundibugyo Ebolavirus
. e
59 1000 ..., EboBund-112 (2012) virus ebolavirus
---------------- Gulu (2000) b
Sudan Sudan
7 : 5
00 W s Boneface (1976) virus ebolavirus
94 -
Reston Reston
[ Ferlite (1999) = "\ius = ebolavirus i
0.1

Bl Gabon Bl kenya South Sudan

I china Bl Guinea I Philippines Uganda

DRC B cCotedivoire [ Spain B Zimbabwe

Figurel.
Filovirus maximum-likelihood phylogeny and geographic distribution. The phylogeny was

derived from concatenated partial nucleoprotein, viral protein 35 and RNA-dependent RNA
polymerase filovirus gene sequences. A single representative sequence from each country in
which filovirus zoonotic spillover has been detected or spillover into humans has occurred
was selected to capture the geographic range of virus circulation. Sequences are coloured
according to the sampling location and the colours correspond to those used in the
associated map and legend. The numbers to the lower-left of the nodes are bootstrap
percentages based on 1000 replicates. Horizontal branch lengths are proportional to the
genetic distance between sequences and the scale underneath the phylogeny indicates the
number of nucleotide substitutions per site.
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