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ABSTRACT
Filoviral hemorrhagic fever (FHF) is caused by ebolaviruses and marburgviruses, which both belong
to the family Filoviridae. Egyptian fruit bats (Rousettus aegyptiacus) are the most likely natural
reservoir formarburgviruses and entry into caves andmines that they stay in has often been associated
with outbreaks of MVD. On the other hand, the natural reservoir for ebola viruses remains elusive;
however, handling of wild animal carcasses has been associated with some outbreaks of EVD. In the
last two decades, there has been an increase in the incidence of FHF outbreaks in Africa, some being
caused by a newly found virus and some occurring in previously unaffected areas such as Guinea,
Liberia and Sierra Leone, in which the most recent EVD outbreak occurred in 2014. Indeed, the
predicted geographic distribution of filoviruses and their potential reservoirs in Africa includes many
countries in which FHF has not been reported. To minimize the risk of virus dissemination in
previously unaffected areas, there is a need for increased investment in health infrastructure in
African countries, policies to facilitate collaboration between health authorities from different
countries, implementation of outbreak control measures by relevant multi-disciplinary teams and
education of the populations at risk.
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Ebolaviruses and marburgviruses are single-stranded,
negative-sense, non-segmented RNA viruses belonging
to the family Filoviridae, order Mononegavirales
(Table 1). These filoviruses are known to cause
hemorrhagic fever in humans and nonhuman primates
(1). Most of the known filoviruses are endemic to Africa:
several different virus species belonging to the genus
Ebolavirus have been found in central and western
African rain forests, within approximately 10° north and
south of the equator (2), and single species belonging to
the genusMarburgvirus in open dry areas of eastern and
south central Africa (3) (Fig. 1). The first case of MVD in

Africa was reported in 1975, when a tourist who had
visited Zimbabwe developed hemorrhagic fever in South
Africa (4, 5). There were a few subsequent outbreaks of
this disease, but after 1987 there was a period of
quiescence until the DRC outbreak in 1998. The first
outbreak of EVD was reported in Zaire (now the DRC)
in 1976, subsequently outbreaks occurred in Sudan (now
South Sudan) in 1976 and 1979 (4). These were followed
by 15 years of no reported outbreaks in Africa. Since
1994, the frequency of outbreaks has increased in Africa,
with discoveries of two newly found ebolaviruses in Côte
d'Ivoire in 1994 (6), and inUganda in 2007 (7); these now
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belong to the species Taï Forest ebolavirus and
Bundibugyo ebolavirus, respectively (4).
In most previous FHF outbreaks, there were usually

one or a few primary introductions of infection to
humans, after which spread occurred by human to
human transmission (8, 9). There were however,
multiple, short, independent chains of human-to-human
transmission in the 1998 MVD outbreak in the DRC, at
least nine genetic lineages of the virus being involved,
and multiple independent chains of transmission from
infected non-human primates in the 2001 EVD out-
breaks in Gabon and the RC (9, 10). Some outbreaks of
EVD are thought to be associated with hunting and
processing of bush meat, whereas MVD outbreaks have
often been associated with entry into caves or working/
decommissioned mines (9–11). Primary infection is
followed by human to human transmission via contact
with body fluids of infected individuals (8, 12). There is
usually a delay between the initial cases and the diagnosis
of FHF. This is attributable to the remoteness of most
affected areas, their ill-equipped medical facilities and
the fact that signs and symptoms of FHF are mainly non-
specific, leading to FHF being misdiagnosed as other
more frequent infections that are endemic to the area (8,
13). While it is possible that some cases have occurred
without virus-specific laboratory diagnosis, outbreaks of
FHF have been increasingly reported (14–16). This

review paper looks at recent FHF outbreaks in Africa and
discusses the potential risk of such outbreaks in
previously unaffected areas.

RECENT MVD OUTBREAKS

The genus Marburgvirus has one species, Marburg
marburgvirus, with two viruses, namely MARV and
RAVV (17). Egyptian fruit bats (Rousettus aegyptiacus)
were recently found to be the most likely natural
reservoir host for marburgviruses (18). Many outbreaks
have been associated with entry into working/decom-
missioned mines or caves (2, 11, 19) in which the bats
stay.

The most recent MVD outbreaks occurred in Uganda
in 2012 (Table 2). MARV infections in Egyptian fruit
bats have been found to have seasonal fluctuations, with
biannual peaks that correspond to infections in humans
(18). The 2012 outbreak occurred during one of the
peaks of MARV infections in bats. The full length
genome sequences from this outbreak showed 99.3%
sequence identity to MARV from bats captured in 2008
and 2009 in a nearby cave (20). In 2007 there were two
independent outbreaks in Uganda, occurring in miners
who had had close contact with bats. In June 2007, three
people were infected and one died, whereas in the later
outbreak there was only one case and no mortality (11).

Table 1. Current filovirus taxonomy

Order (70) Family Genus Species Virus

Mononegavirales Filoviridae Marburgvirus Marburg marburgvirus Marburg virus
Ravn virus

Ebolavirus Zaire ebolavirus Ebola virus
Sudan ebolavirus Sudan virus
Taï Forest ebolavirus Taï Forest virus
Bundibugyo ebolavirus Bundibugyo virus
Reston ebolavirus Reston virus

Cuevavirus Lloviu cuevavirus Lloviu virus

Table 2. Chronology of Marburg virus disease outbreaks in Africa

Year Country Virus Cases Deaths CFR (%)

1975 (12, 61) South Africa (from Zimbabwe) MARV 3 1 33
1980 (12, 61) Kenya MARV 2 1 50
1987 (12, 61) Kenya RAVV 1 1 100
1998–2000 (12, 61) DRC MARV RAVV 154 128 83
2004–2005 (12, 61) Angola MARV 252 227 90
2007 (11, 21) Uganda MARV 3 1 33

RAVV 1 0 0
2012 (20, 61) Uganda MARV 15 4 27
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There was 21% sequence variation between the full-
length RNA genomes of these viruses, the earlier one
being closely related to historical MARV sequences and
the later one more closely related to RAVV, which was
first isolated in Kenya in 1987. BothMARV- and RAVV-
related sequences were also found in fruit bats (R.
aegyptiacus) in the same area (21).
The 2004–2005MVD outbreak in Angola was the first

report of MVD outside East Africa. There was very little
genome sequence variation between the viruses isolated
during the outbreak, some being 100% identical. Despite
the large geographic distance between Angola and the
other known locations of MVD, phylogenetic analysis
using the complete viral genome sequences put Angolan
strains within the same clade as the majority of east
African isolates (22).Whereas CFR forMVD are variable
(Table 2), the MARV-Angola strain is thought to be
more pathogenic than other MARV strains such as the
Musoke strain (23–25).

RECENT EVD OUTBREAKS

There has been an increase in EVD outbreaks in Africa,
probably as result of increased contact between humans

and wildlife because of extensive deforestation, hunting
and mining (14). Ebolavirus species have complete
genome sequence divergence of 30–45% (7). The CFRs
of the different ebolavirus species causing these EVD
outbreaks have also varied (Table 3).

Ebola virus representing the species Zaire ebolavirus
can cause sporadic infections in humans, usually
resulting in self-limiting outbreaks (26). The genetic
diversity between EBOV strains so far isolated is low
(27). For instance, two separate outbreaks caused by
EBOV occurred in Luebo in the DRC in 2007 and 2008:
the sequences of the viruses in these two outbreaks were
almost identical and related to previously isolated
strains, including the one causing the first reported
outbreak in Yambuku in the DRC in 1976 (28). Most
recently, there was an outbreak of hemorrhagic fever
caused by EBOV in the West African countries of
Guinea, Liberia and Sierra Leone. Full genome sequences
of EBOV from three patients showed 97% nucleotide
sequence identity to DRC and Gabon strains of EBOV
(29, 30). TAFV, an ebolavirus belonging to a different
species (namely, Taï Forest ebolavirus) has been found in
the Taï Forest, Côte d'Ivoire (6); however, the outbreak
in West Africa was the first ever reported incidence of

Table 3. Chronology of Ebola virus disease outbreaks in Africa

Year Country Virus Cases Deaths CFR (%)

1976 (62) DRC EBOV 318 280 88
1976 (62) South Sudan SUDV 284 151 53
1977 (62) DRC EBOV 1 1 100
1979 (62) South Sudan SUDV 34 22 65
1994 (62) Côte d'Ivoire TAFV 1 0 0
1994 (62) Gabon EBOV 52 31 60
1995 (62) DRC EBOV 315 250 79
1996 (62) Gabon EBOV 37 21 57
1996–1997 (62) Gabon EBOV 60 45 75
1996 (62) South Africa EBOV 2 1 50
2000–2001 (62) Uganda SUDV 425 224 53
2001–2002 (62) Gabon EBOV 65 53 82
2001–2002 (62) RC§ EBOV 57 43 75
2002–2003 (62) RC EBOV 143 128 90
2003 (62) RC EBOV 35 29 83
2004 (62) South Sudan SUDV 17 7 41
2005 (71) RC EBOV 12 10 83
2007 (62) DRC EBOV 264 187 71
2007 (62) Uganda BDBV 149 37 25
2008–2009 (62) DRC EBOV 32 15 47
2011 (62) Uganda SUDV 1 1 100
2012 (62) Uganda SUDV 11 4 36
2012 (62) DRC BDBV 36 13 36
2012 (62) Uganda SUDV 6 3 50
2014 (72)† Guinea EBOV 398 264 66
2014 (72)† Liberia EBOV 33 24 73
2014 (72)† Sierra Leone EBOV 97 49 51

†Situation as of 18 June 2014. The numbers include confirmed, probable and suspected cases.
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EBOV infection in this region (31). In the 2001–2004
EVD outbreaks in the RC and Gabon, nonhuman
primates were also affected by EBOV infections, a large
decline occurring in their populations just before and
during the outbreaks in humans in the same area (10,
32). A large serological survey during the 2001–2002
outbreak in Gabon found that dogs might be asymp-
tomatically infected with EBOV, probably as a result of
eating infected carcasses or licking body fluids from
infected patients, and might potentially transmit EBOV
infections (33).
As opposed to EBOV, SUDV, representing the species

Sudan ebolavirus, is muchmore confined geographically,
all outbreaks having occurred within a 640 km range
(27). Genetic diversity between the different SUDV
strains is very low (27). In 2011, 7 years after its last
appearance, there was a fatal case of SUDV infection in
Uganda; the full-length genome sequence of the isolate
showed 99.3% identity to the one that caused the Gulu
outbreak in 2000 (34). There were two distinct outbreaks
caused by SUDV, with independent chains of transmis-
sion, in Uganda in 2012 (20) (Table 3). In each of the
outbreaks there was high sequence identity between the
strains isolated within each individual outbreak. The
strain causing the outbreak in November of the same
year had the closest sequence identity to the Gulu 2000
outbreak strain (20).
The first recorded outbreak caused by BDBV,

representing the species Bundibugyo ebolavirus, oc-
curred in Uganda in 2007 (7) (Table 3). The virus was
found again in a 2012 outbreak in Isiro in the DRC: this
was the first identification of BDBV in the DRC. The
BDBV isolate showed 98.6% full genome sequence
identity with the prototype BDBV isolated in the 2007
outbreak in Bundibugyo, Uganda (20).

GEOGRAPHICAL DISTRIBUTION OF
FILOVIRUSES

While FHF outbreaks have been reported in few
countries in Africa (Fig. 1, Tables 2 and 3), the
geographical distribution of filoviruses may be wider
than previously thought. A feature of recent outbreaks is
new strains/species in new locations, as has been the case
with the MVD outbreak in Angola, the discovery of
BDBV in Uganda and the DRC, and the current EBOV
infection in West Africa (7, 20, 29, 35). Using ecological
niche modeling, filovirus distribution was generally
predicted to occur across the Afro-tropics, with
ebolaviruses occurring in the central and western
African rain forests and marburgviruses in the drier
and less forested central and eastern Africa (3).
Countries like Tanzania, Mozambique, Madagascar

and Mauritania have had no reported outbreaks of
filovirus infections, but do fall within the ecological
niche of this virus and its reservoir(s). It is possible that
there have been misdiagnosed and undiagnosed cases in
countries with no FHF outbreak history. In some areas
with no recorded outbreaks of EVD, EBOV seropreva-
lence in humans and some species of nonhuman
primates has been found to be unexpectedly high (32,
36). This suggests either the presence of non-pathogenic
variants of EBOV or unknown filoviruses antigenically
similar to EBOV, but with lower pathogenicity, causing
high seropositivity (32, 37–39). This also implies high
exposure of these populations to the virus (36). Wider
filovirus distribution, even into the Eurasian continent,
has been suggested by recent studies that have reported
the discovery of RESTV in domestic pigs in China (40);
identification of a new filovirus, LLOV in Spain (41) and
detection of antibodies to filoviruses or unknown
filovirus-related viruses in Indonesian orangutans (42)
and fruit bats in Bangladesh (43).

POTENTIAL ROLE OF BATS IN
FILOVIRUS TRANSMISSION

Apart fromR.aegyptiacus, theonly bat species fromwhich
infectious marburgviruses have been isolated, other bat
species in which filovirus genome RNAs have been
detected areEpomops franqueti, Hypsignathusmonstrosus
and Myonycteris torquata for EBOV (44); Miniopterus
inflatus and Rhinolophus eloquens for MARV (45), and
Miniopterus schreibersii for LLOV (41). Many more bat
species have been found to have antibodies to various
filoviruses (46). The ranges of distribution of the above
mentioned bat species in which EBOV andMARVRNAs
have been detected are within many countries in which
outbreaks have occurred (47). In general, it is thought that
bats and many potential pathogens have co-evolved and
circulated for thousands of years, with a recent increased
spillover of zoonotic pathogens to humans. Human
encroachment into previously uninhabited areas is a
contributing factor (48, 49).

Eidolon helvum is a straw-colored migratory fruit bat,
its primary habitat being in equatorial Africa. It is found
in large colonies in Angola, Cote d'Ivoire, Malawi,
Mauritania, Nigeria, Uganda and Zambia (50), often
roosting in trees within towns as well as on islands in
rivers or lakes (51). Between mid-October and late
December each year, major E. helvum colonies,
comprising 5–10 million bats in all, congregate in the
Central Province of Zambia (50). Some bat colonies have
been shown to migrate more than 2500 km (52). While
ebolavirus has never been isolated from these bats,
ebolavirus-specific antibodies have been detected in

486 © 2014 The Societies and Wiley Publishing Asia Pty Ltd
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blood samples from one bat (53). If these bats shed
infectious virus, they could potentially transmit ebola-
virus infection between their primary habitats and their
migratory sites, putting a large part of sub-Saharan
Africa at risk of infection.
Filovirus ecology is not yet well understood. Although

bats appear to play an important role in filovirus
transmission (46), other animal species, including pigs
(54), dogs (33), duikers (10) and nonhuman primates,
may be involved (10, 32). Although the effects of climate
change on infectious diseases are poorly understood, it
likely affects wildlife habitats and densities, which has the

potential to increase the frequency of disease outbreaks
by increasing risk of exposure of humans to reservoir
hosts and/or because of increased viral loads in these
reservoir hosts (55).

POSSIBLE ANTHROPOGENIC FACTORS
CONTRIBUTING TO FREQUENT
OUTBREAKS OF FHF IN AFRICAN
COUNTRIES

An increasing population with an increasing demand for
resources has forced people to intrude into previously

Fig. 1. Location of FHF outbreaks in Africa. Countries that have reported outbreaks are shaded in gray. Causative filovirus species and the years
of outbreaks are shown in white boxes. Situation as of 18 June 2014.
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uninhabited land for agricultural and mining activities,
potentially bringing humans into contact with un-
known pathogens, reservoir hosts and/or amplifying
hosts (15, 56). Wildlife trade, much of which is
conducted informally and/or illegally, can also increase
the risk of outbreaks. Contact between hunters, middle-
men and consumers and wildlife could increase the
possibility of disease transmission from infected
animals (57). Associations between hunting/butcher-
ing/eating of infected carcasses and outbreaks of EVD
have been reported (10, 38). The only recorded human
case of TAFV was in a researcher who contracted the
infection by performing autopsies on chimpanzees (58).
The source of infection in the 2007 outbreak of EVD in
the DRCwas reportedly traced back to freshly killed bats
bought for consumption (59). Index cases in the 2001
EVD outbreaks in Gabon and the RC acquired the
infection from handling animal carcasses (10).
Increase in travel has also increased the risk of

exposure of human populations to infected people and/
or animals (15, 60). MARV was imported by tourists
from Zimbabwe to South Africa in 1975 and from
Uganda to the USA and the Netherlands in 2008 (61).
EBOV was also imported into South Africa from Gabon
by a medical practitioner in 1996 (62). In the most recent
outbreak of EVD in West Africa, the disease was first
reported in southern Guinea forests; this was followed by
dissemination into other districts as well as the capital
city, Conakry (31). The disease was also spread to Liberia
from individuals who had a recent history of travel to
Guinea and two patients suspected of having EVD died
in Guinea and were repatriated to Sierra Leone for
burial (63).
During outbreaks, several factors increase the risk of

further spread of the disease. Outbreaks usually occur in
regions that are resource poor and consequently have
severely constrained health services, lack of personal
protective equipment and medical health personnel
who have knowledge of the disease, especially risk
factors for infection (8, 30). Ignorance in the commu-
nities affected also plays a large role in further
transmission of the disease. In the recent West African
outbreak, there were reports of communities in denial,
some people believing the disease was caused by the
devil, or was brought in by politicians and even foreign
medical personnel, the result being that infected
individuals and their families did not want to seek
medical attention (30, 64, 65).
Though there have been no recorded outbreaks of

filovirus infection caused by displacement of people
from areas of war and civil strife, there is potential for
transmission of diseases to new areas in such situa-
tions (56), as in the case of the increased risk of

reemergence of lymphatic filariasis in Thailand from
Burmese refugees (66, 67). There are currently over 2.6
million internally displaced persons in the DRC and over
450,000 refugees in neighboring countries (68). Inter-
ethnic conflict in South Sudan has resulted in a large
number of internally displaced persons as well as
refugees. South Sudan also hosts refugees from other
countries, including the DRC (69).

CONCLUSION

As discussed above, there is great potential for new
outbreaks of FHF in previously unaffected areas. Various
human activities such as increased travel and trade,
encroachment into forests and caves, civil strife, and war,
as well as wildlife activities relating to the ecology of
filoviruses, may all contribute to opportunities for the
spread of filoviruses from their reservoir hosts. To
counter ormitigate these potential threats, there is a need
for both sentinel laboratories and regional referral
laboratories to help in the monitoring and surveillance
of FHF. Increased investment in health infrastructure
and development of diagnostic tests that are affordable
and can be used in areas with limited diagnostic
capability are also required. For these to work
successfully, policies to facilitate collaboration between
health authorities from different countries need to be
implemented. To enhance control measures in areas
experiencing FHF outbreaks, leaders in both affected and
at risk areas need to be educated on the disease and its
risk factors in order to facilitate dissemination of
appropriate information to the community.

ACKNOWLEDGMENTS

We thank Kim Barrymore for editing the manuscript.
This project was supported by the Japan Science and
Technology Agency within the framework of the Science
and Technology Research Partnership for Sustainable
Development and the Japan Initiative for Global
Research Network on Infectious Diseases. Katendi
Changula was also sponsored by the Southern African
Center for Infectious Diseases Surveillance with Well-
come Trust Grant WT087546MA.

DISCLOSURE

The authors declare no conflict of interest.

REFERENCES
1. Sanchez A., Geisbert T.W., Feldmann H.(2007) Filoviridae:

Marburg and Ebola viruses. In Fields Virology. 5th edn.
Philadelphia: Lippincott Williams & Wilkins, pp. 1409–48.

488 © 2014 The Societies and Wiley Publishing Asia Pty Ltd

K. Changula et al.

 13480421, 2014, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1348-0421.12181, W

iley O
nline L

ibrary on [13/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



2. Groseth A., Feldmann H., Strong J.E. (2007) The ecology of
Ebola virus. Trends Microbiol 15: 408–16.

3. Peterson A.T., Bauer J.T., Mills J.N. (2004) Ecologic and
geographic distribution of filovirus disease. Emerg Infect Dis 10:
40–7.

4. Leroy E.M., Gonzalez J.P., Baize S. (2011) Ebola and Marburg
haemorrhagic fever viruses: major scientific advances, but a
relatively minor public health threat for Africa. Clin Microbiol
Infect 17: 964–76.

5. Conrad J.L., Isaacson M., Smith E.B., Wulff H., Crees M.,
Geldenhuys P., Johnston J. (1978) Epidemiologic investigation
of Marburg virus disease, Southern Africa. Am J Trop Med Hyg
27: 1210–5.

6. Formenty P., Boesch C., Wyers M., Steiner C., Donati F., Dind
F., Walker F., Le G.B. (1999) Ebola virus outbreak among wild
chimpanzees living in a rain forest of Cote d'Ivoire. J Infect Dis
179 (Suppl 1): S120–6.

7. Towner J.S., Sealy T.K., Khristova M.L., Albarino C.G., Conlan
S., Reeder S.A., Quan P.L., Lipkin W.I., Downing R., Tappero
J.W., Okware S., Lutwama J., Bakamutumaho B., Kayiwa J.,
Comer J.A., Rollin P.E., Ksiazek T.G., Nichol S.T. (2008) Newly
discovered ebola virus associated with hemorrhagic fever
outbreak in Uganda. PLoS Pathog 4: e1000212.

8. MacNeil A., Farnon E.C., Morgan O.W., Gould P., Boehmer
T.K., Blaney D.D., Wiersma P., Tappero J.W., Nichol S.T.,
Ksiazek T.G., Rollin P.E. (2011) Filovirus outbreak detection
and surveillance: lessons from Bundibugyo. J Infect Dis
204(Suppl 3): S761–7.

9. Bausch D.G., Nichol S.T., Muyembe-Tamfum J.J., Borchert M.,
Rollin P.E., Sleurs H., Campbell P., Tshioko F.K., Roth C.,
Colebunders R., Pirard P., Mardel S., Olinda L.A., Zeller H.,
Tshomba A., Kulidri A., Libande M.L., Mulangu S., Formenty
P., Grein T., Leirs H., Braack L., Ksiazek T., Zaki S., Bowen
M.D., Smit S.B., Leman P.A., Burt F.J., Kemp A., Swanepoel R.
(2006) Marburg hemorrhagic fever associated with multiple
genetic lineages of virus. N Engl J Med 355: 909–19.

10. Leroy E.M., Rouquet P., Formenty P., Souquiere S., Kilbourne
A., Froment J.M., Bermejo M., Smit S., Karesh W., Swanepoel
R., Zaki S.R., Rollin P.E. (2004) Multiple Ebola virus
transmission events and rapid decline of central African wildlife.
Science 303: 387–90.

11. Adjemian J., Farnon E.C., Tschioko F., Wamala J.F.,
Byaruhanga E., Bwire G.S., Kansiime E., Kagirita A.,
Ahimbisibwe S., Katunguka F., Jeffs B., Lutwama J.J., Downing
R., Tappero J.W., Formenty P., Amman B., Manning C.,
Towner J., Nichol S.T., Rollin P.E. (2011) Outbreak of Marburg
hemorrhagic fever among miners in Kamwenge and Ibanda
Districts, Uganda, 2007. J Infect Dis 204(Suppl 3): S796–9.

12. Brauburger K., Hume A.J., Muhlberger E., Olejnik J. (2012)
Forty-five years of Marburg virus research. Viruses 4: 1878–927.

13. MacNeil A., Rollin P.E. (2012) Ebola and marburg hemorrhagic
fevers: neglected tropical diseases. PLoS Negl Trop Dis 6: e1546.

14. Muyembe-Tamfum J.J., Mulangu S., Masumu J., Kayembe J.M.,
Kemp A., Paweska J.T. (2012) Ebola virus outbreaks in Africa:
past and present. Onderstepoort J Vet Res 79: E1–E8.

15. Bannister B. (2010) Viral haemorrhagic fevers imported into
non-endemic countries: risk assessment and management. Br
Med Bull 95: 193–225.

16. Feldmann H., Geisbert T.W. (2011) Ebola haemorrhagic fever.
Lancet 377: 849–62.

17. Kuhn J.H., Becker S., Ebihara H., Geisbert T.W., Johnson K.M.,
Kawaoka Y., Lipkin W.I., Negredo A.I., Netesov S.V., Nichol
S.T., Palacios G., Peters C.J., Tenorio A., Volchkov V.E.,

Jahrling P.B. (2010) Proposal for a revised taxonomy of the
family Filoviridae: classification, names of taxa and viruses, and
virus abbreviations. Arch Virol 155: 2083–103.

18. Amman B.R., Carroll S.A., Reed Z.D., Sealy T.K., Balinandi S.,
Swanepoel R., Kemp A., Erickson B.R., Comer J.A., Campbell S.,
Cannon D.L., Khristova M.L., Atimnedi P., Paddock C.D.,
Crockett R.J., Flietstra T.D., Warfield K.L., Unfer R., Katongole-
Mbidde E., Downing R., Tappero J.W., Zaki S.R., Rollin P.E.,
Ksiazek T.G., Nichol S.T., Towner J.S. (2012) Seasonal pulses of
Marburg virus circulation in juvenile Rousettus aegyptiacus bats
coincide with periods of increased risk of human infection.
PLoS Pathog 8: e1002877.

19. Peterson A.T., Lash R.R., Carroll D.S., Johnson K.M. (2006)
Geographic potential for outbreaks of Marburg hemorrhagic
fever. Am J Trop Med Hyg 75: 9–15.

20. Albarino C.G., Shoemaker T., Khristova M.L., Wamala J.F.,
Muyembe J.J., Balinandi S., Tumusiime A., Campbell S.,
Cannon D., Gibbons A., Bergeron E., Bird B., Dodd K.,
Spiropoulou C., Erickson B.R., Guerrero L., Knust B., Nichol
S.T., Rollin P.E., Stroher U. (2013) Genomic analysis of
filoviruses associated with four viral hemorrhagic fever
outbreaks in Uganda and the Democratic Republic of the
Congo in 2012. Virology 442: 97–100.

21. Towner J.S., Amman B.R., Sealy T.K., Carroll S.A., Comer J.A.,
Kemp A., Swanepoel R., Paddock C.D., Balinandi S., Khristova
M.L., Formenty P.B., Albarino C.G., Miller D.M., Reed Z.D.,
Kayiwa J.T., Mills J.N., Cannon D.L., Greer P.W., Byaruhanga
E., Farnon E.C., Atimnedi P., Okware S., Katongole-Mbidde E.,
Downing R., Tappero J.W., Zaki S.R., Ksiazek T.G., Nichol S.T.,
Rollin P.E. (2009) Isolation of genetically diverse Marburg
viruses from Egyptian fruit bats. PLoS Pathog 5: e1000536.

22. Towner J.S., Khristova M.L., Sealy T.K., Vincent M.J., Erickson
B.R., Bawiec D.A., Hartman A.L., Comer J.A., Zaki S.R., Stroher
U., Gomes da S.F., del C.F. Rollin, Ksiazek T.G., Nichol S.T.
(2006) Marburgvirus genomics and association with a large
hemorrhagic fever outbreak in Angola. J Virol 80: 6497–516.

23. Matsuno K., Kishida N., Usami K., Igarashi M., Yoshida R.,
Nakayama E., Shimojima M., Feldmann H., Irimura T.,
Kawaoka Y., Takada A. (2010) Different potential of C-type
lectin-mediated entry between Marburg virus strains. J Virol 84:
5140–7.

24. Geisbert T.W., Daddario-DiCaprio K.M., Geisbert J.B., Young
H.A., Formenty P., Fritz E.A., Larsen T., Hensley L.E. (2007)
Marburg virus Angola infection of rhesus macaques:
pathogenesis and treatment with recombinant nematode
anticoagulant protein c2. J Infect Dis 196 (Suppl 2): S372–81.

25. Nakayama E., Tomabechi D., Matsuno K., Kishida N., Yoshida
R., Feldmann H., Takada A. (2011) Antibody-dependent
enhancement of Marburg virus infection. J Infect Dis 204 (Suppl
3): S978–85.

26. Jezek Z., Szczeniowski M.Y., Muyembe-Tamfum J.J.,
McCormick J.B., Heymann D.L. (1999) Ebola between
outbreaks: intensified Ebola hemorrhagic fever surveillance in
the Democratic Republic of the Congo, 1981–1985. J Infect Dis
179 (Suppl 1): S60–4.

27. Carroll S.A., Towner J.S., Sealy T.K., McMullan L.K., Khristova
M.L., Burt F.J., Swanepoel R., Rollin P.E., Nichol S.T. (2013)
Molecular evolution of viruses of the family Filoviridae based
on 97 whole-genome sequences. J Virol 87: 2608–16.

28. Grard G., Biek R., Tamfum J.J., Fair J., Wolfe N., Formenty P.,
Paweska J., Leroy E. (2011) Emergence of divergent Zaire ebola
virus strains in Democratic Republic of the Congo in 2007 and
2008. J Infect Dis 204 (Suppl 3): S776–84.

© 2014 The Societies and Wiley Publishing Asia Pty Ltd 489

Filoviral hemorrhagic fevers in Africa

 13480421, 2014, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1348-0421.12181, W

iley O
nline L

ibrary on [13/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



29. Baize S., Pannetier D., Oestereich L., Rieger T., Koivogui L.,
Magassouba N., Soropogui B., Sow M.S., Keita S., De C.H.
Tiffany, Dominguez G., Loua M., Traore A., Kolie M., Malano
E.R., Heleze E., Bocquin A., Mely S., Raoul H., Caro V., Cadar
D., Gabriel M., Pahlmann M., Tappe D., Schmidt-Chanasit J.,
Impouma B., Diallo A.K., Formenty P., Van H.M., Günther S.
(2014) Emergence of Zaire Ebola virus disease in Guinea—
preliminary report. N Engl J Med.

30. The Lancet. (2014) Ebola in west Africa: gaining community
trust and confidence. Lancet 383: 1946.

31. Gatherer D. (2014) The 2014 Ebola virus disease outbreak in
west Africa. J Gen Virol 95: 1619–24.

32. Leroy E.M., Telfer P., Kumulungui B., Yaba P., Rouquet P.,
Roques P., Gonzalez J.P., Ksiazek T.G., Rollin P.E., Nerrienet E.
(2004) A serological survey of Ebola virus infection in central
African nonhuman primates. J Infect Dis 190: 1895–9.

33. Allela L., Boury O., Pouillot R., Delicat A., Yaba P., Kumulungui
B., Rouquet P., Gonzalez J.P., Leroy E.M. (2005) Ebola virus
antibody prevalence in dogs and human risk. Emerg Infect Dis
11: 385–90.

34. Shoemaker T., MacNeil A., Balinandi S., Campbell S., Wamala
J.F., McMullan L.K., Downing R., Lutwama J., Mbidde E.,
Stroher U., Rollin P.E., Nichol S.T. (2012) Reemerging Sudan
ebola virus disease in Uganda, 2011. Emerg Infect Dis 18:
1480–3.

35. Towner J.S., Khristova M.L., Sealy T.K., Vincent M.J., Erickson
B.R., Bawiec D.A., Hartman A.L., Comer J.A., Zaki S.R., Stroher
U., Gomes da S.F., del C.F., Rollin P.E., Ksiazek T.G., Nichol
S.T. (2006) Marburgvirus genomics and association with a large
hemorrhagic fever outbreak in Angola. J Virol 80: 6497–516.

36. Becquart P., Wauquier N., Mahlakoiv T., Nkoghe D., Padilla C.,
Souris M., Ollomo B., Gonzalez J.P., De L., Kazanji M., X, Leroy
E.M. (2010) High prevalence of both humoral and cellular
immunity to Zaire ebolavirus among rural populations in
Gabon. PLoS ONE 5: e9126.

37. Gonzalez J.P., Herbreteau V., Morvan J., Leroy E.M. (2005)
Ebola virus circulation in Africa: a balance between clinical
expression and epidemiological silence. Bull Soc Pathol Exot 98:
210–7.

38. MacNeil A., Reed Z., Rollin P.E. (2011) Serologic cross-
reactivity of human IgM and IgG antibodies to five species of
Ebola virus. PLoS Negl Trop Dis 5: e1175.

39. Lahm S.A., Kombila M., Swanepoel R., Barnes R.F. (2007)
Morbidity and mortality of wild animals in relation to outbreaks
of Ebola haemorrhagic fever in Gabon, 1994–2003. Trans R Soc
Trop Med Hyg 101: 64–78.

40. Pan Y., Zhang W., Cui L., Hua X., Wang M., Zeng Q. (2014)
Reston virus in domestic pigs in China. Arch Virol 159:
1129–32.

41. Negredo A., Palacios G., Vazquez-Moron S., Gonzalez F.,
Dopazo H., Molero F., Juste J., Quetglas J., Savji N., de la Cruz
M.M., Herrera J.E., Pizarro M., Hutchison S.K., Echevarria J.E.,
Lipkin W.I., Tenorio A. (2011) Discovery of an ebolavirus-like
filovirus in europe. PLoS Pathog 7: e1002304.

42. Nidom C.A., Nakayama E., Nidom R.V., Alamudi M.Y., Daulay
S., Dharmayanti I.N., Dachlan Y.P., Amin M., Igarashi M.,
Miyamoto H., Yoshida R., Takada A. (2012) Serological
evidence of Ebola virus infection in Indonesian orangutans.
PLoS ONE 7: e40740.

43. Olival K.J., Islam A., Yu M., Anthony S.J., Epstein J.H., Khan
S.A., Khan S.U., Crameri G., Wang L.F., Lipkin W.I., Luby S.P.,
Daszak P. (2013) Ebola virus antibodies in fruit bats,
Bangladesh. Emerg Infect Dis 19: 270–3.

44. Leroy E.M., Kumulungui B., Pourrut X., Rouquet P., Hassanin
A., Yaba P., Delicat A., Paweska J.T., Gonzalez J.P., Swanepoel
R. (2005) Fruit bats as reservoirs of Ebola virus. Nature 438:
575–6.

45. Swanepoel R., Smit S.B., Rollin P.E., Formenty P., Leman P.A.,
Kemp A., Burt F.J., Grobbelaar A.A., Croft J., Bausch D.G.,
Zeller H., Leirs H., Braack L.E., Libande M.L., Zaki S., Nichol
S.T., Ksiazek T.G., Paweska J.T. (2007) Studies of reservoir hosts
for Marburg virus. Emerg Infect Dis 13: 1847–51.

46. Olival K.J., Hayman D.T. (2014) Filoviruses in bats: current
knowledge and future directions. Viruses 6: 1759–88.

47. IUCN . IUCN Red List of Threatened Species. Version 2014.1.
2014. Available from URL: www.iucnredlist.org.

48. Smith I., Wang L.F. (2013) Bats and their virome: an important
source of emerging viruses capable of infecting humans. Curr
Opin Virol 3: 84–91.

49. Wibbelt G., Moore M.S., Schountz T., Voigt C.C. (2010)
Emerging diseases in Chiroptera: why bats? Biol Lett 6:
438–40.

50. Richter H.V., Cumming G.S. (2006) Food availability and
annual migration of the straw-colored fruit bat (Eidolon
helvum). J Zool 268: 35–44.

51. Racey P. (2004) 8,000,000 Fruit bats Africa's best-kept wildlife
secret. Bats Magazine 22: 1–5.

52. Richter H.V., Cumming G.S. (2008) First application of satellite
telemetry to track African straw-coloured fruit bat migration.
J Zool 275: 172–6.

53. Hayman D.T., Emmerich P., Yu M., Wang L.F., Suu-Ire R.,
Fooks A.R., Cunningham A.A., Wood J.L. (2010) Long-term
survival of an urban fruit bat seropositive for Ebola and Lagos
bat viruses. PLoS ONE 5: e11978.

54. Barrette R.W., Metwally S.A., Rowland J.M., Xu L., Zaki S.R.,
Nichol S.T., Rollin P.E., Towner J.S., Shieh W.J., Batten B., Sealy
T.K., Carrillo C., Moran K.E., Bracht A.J., Mayr G.A.,
Sirios-Cruz M., Catbagan D.P., Lautner E.A., Ksiazek T.G.,
White W.R., McIntosh M.T. (2009) Discovery of swine as a host
for the Reston ebolavirus. Science 325: 204–6.

55. Mills J.N., Gage K.L., Khan A.S. (2010) Potential influence of
climate change on vector-borne and zoonotic diseases: a review
and proposed research plan. Environ Health Perspect 118:
1507–14.

56. Cascio A., Bosilkovski M., Rodriguez-Morales A.J., Pappas G.
(2011) The socio-ecology of zoonotic infections. Clin Microbiol
Infect 17: 336–42.

57. Karesh W.B., Cook R.A., Bennett E.L., Newcomb J. (2005)
Wildlife trade and global disease emergence. Emerg Infect Dis
11: 1000–2.

58. Le G.B., Formenty P., Wyers M., Gounon P., Walker F., Boesch
C. (1995) Isolation and partial characterisation of a new strain
of Ebola virus. Lancet 345: 1271–4.

59. Leroy E.M., Epelboin A., Mondonge V., Pourrut X., Gonzalez
J.P., Muyembe-Tamfum J.J., Formenty P. (2009) Human Ebola
outbreak resulting from direct exposure to fruit bats in Luebo,
Democratic Republic of Congo, 2007. Vector Borne Zoonotic Dis
9: 723–8.

60. Brown C. (2010) Emerging diseases: the global express. Vet
Pathol 47: 9–14.

61. Centers for Disease Control and Prevention. Chronology of
Marburg Hemorrhagic Fever Outbreaks. [Cited 28
January 2014]. Available from URL: http://www.cdc.gov/vhf/
marburg/resources/outbreak-table.html.

62. Centers for Disease Control and Prevention. Chronology of
Ebola Hemorrhagic Fever Outbreaks. [Cited 14 May 2014].

490 © 2014 The Societies and Wiley Publishing Asia Pty Ltd

K. Changula et al.

 13480421, 2014, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1348-0421.12181, W

iley O
nline L

ibrary on [13/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.iucnredlist.org
http://www.cdc.gov/vhf/marburg/resources/outbreak&x2010;table.html
http://www.cdc.gov/vhf/marburg/resources/outbreak&x2010;table.html


Available from URL: http://www.cdc.gov/vhf/ebola/resources/
outbreak-table.html.

63. World Health Organisation. Ebola virus disease, Guinea (Situation
as of 30 March 2014). [Cited 30 March 2014]. Available from URL:
http://www.afro.who.int/en/clusters-a-programmes/dpc/epidemic-a-
pandemic-alert-and-response/outbreak-news/4071-ebola-
haemorrhagic-fever-guinea-30-march-2014.html.

64. Promed-mail., Ebola virus disease—West Africa (44): Guinea,
new cases. [Cited 25 May 2014]. Available from URL: http://
www.promedmail.org/direct.php?id ¼ 20140525.2497408.

65. World Health Organisation. Busting the myths about Ebola is
crucial to stop the transmission of the disease in Guinea. [Cited
April 2014]. Available from URL: http://www.who.int/features/
2014/ebola-myths/en/.

66. Beyrer C., Villar J.C., Suwanvanichkij V., Singh S., Baral S.D.,
Mills E.J. (2007) Neglected diseases, civil conflicts, and the right
to health. Lancet 370: 619–27.

67. Ramaiah K.D. (2013) Population migration: implications for
lymphatic filariasis elimination programmes. PLoS Negl Trop
Dis 7: e2079.

68. UNHCR, 2014 UNHCR country operations profile—Democratic
Republic of the Congo. 2014. Available from URL: http://www.
unhcr.org/cgi-bin/texis/vtx/page?page ¼ 49e45c366 submit ¼
GO.

69. UNHCR. 2014 UNHCR country operations profile—South
Sudan. 2014. Available from URL: http://www.unhcr.org/cgi-
bin/texis/vtx/page?page ¼ 4e43cb466submit ¼ GO.

70. Bukreyev A.A., Chandran K., Dolnik O., Dye J.M., Ebihara H.,
Leroy E.M., Muhlberger E., Netesov S.V., Patterson J.L.,
Paweska J.T., Saphire E.O., Smither S.J., Takada A., Towner J.S.,
Volchkov V.E., Warren T.K., Kuhn J.H. (2014) Discussions and
decisions of the 2012–2014 International Committee on
Taxonomy of Viruses (ICTV) Filoviridae Study Group,
January 2012–June 2013. Arch Virol 159: 821–30.

71. World Health Organisation. Ebola virus disease. [Cited
April 2014]. Available from URL: http://www.who.int/
mediacentre/factsheets/fs103/en/.

72. World Health Organisation. Ebola virus disease, West Africa—
update. [Cited 18 June 2014]. Available from URL: http://who.
int/csr/don/2014_06_18_ebola/en/.

© 2014 The Societies and Wiley Publishing Asia Pty Ltd 491

Filoviral hemorrhagic fevers in Africa

 13480421, 2014, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1348-0421.12181, W

iley O
nline L

ibrary on [13/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.cdc.gov/vhf/ebola/resources/outbreak&x2010;table.html
http://www.cdc.gov/vhf/ebola/resources/outbreak&x2010;table.html
http://www.afro.who.int/en/clusters&x2010;a&x2010;programmes/dpc/epidemic&x2010;a&x2010;pandemic&x2010;alert&x2010;and&x2010;response/outbreak&x2010;news/4071&x2010;ebola&x2010;haemorrhagic&x2010;fever&x2010;guinea&x2010;30&x2010;march&x2010;2014.html
http://www.afro.who.int/en/clusters&x2010;a&x2010;programmes/dpc/epidemic&x2010;a&x2010;pandemic&x2010;alert&x2010;and&x2010;response/outbreak&x2010;news/4071&x2010;ebola&x2010;haemorrhagic&x2010;fever&x2010;guinea&x2010;30&x2010;march&x2010;2014.html
http://www.afro.who.int/en/clusters&x2010;a&x2010;programmes/dpc/epidemic&x2010;a&x2010;pandemic&x2010;alert&x2010;and&x2010;response/outbreak&x2010;news/4071&x2010;ebola&x2010;haemorrhagic&x2010;fever&x2010;guinea&x2010;30&x2010;march&x2010;2014.html
http://www.promedmail.org/direct.php?id &x003D; 20140525.2497408
http://www.promedmail.org/direct.php?id &x003D; 20140525.2497408
http://www.who.int/features/2014/ebola&x2010;myths/en/
http://www.who.int/features/2014/ebola&x2010;myths/en/
http://www.unhcr.org/cgi&x2010;bin/texis/vtx/page?page &x003D; 49e45c366 submit &x003D; GO
http://www.unhcr.org/cgi&x2010;bin/texis/vtx/page?page &x003D; 49e45c366 submit &x003D; GO
http://www.unhcr.org/cgi&x2010;bin/texis/vtx/page?page &x003D; 49e45c366 submit &x003D; GO
http://www.unhcr.org/cgi&x2010;bin/texis/vtx/page?page &x003D; 4e43cb466submit &x003D; GO
http://www.unhcr.org/cgi&x2010;bin/texis/vtx/page?page &x003D; 4e43cb466submit &x003D; GO
http://www.who.int/mediacentre/factsheets/fs103/en/
http://www.who.int/mediacentre/factsheets/fs103/en/
http://who.int/csr/don/2014_06_18_ebola/en/
http://who.int/csr/don/2014_06_18_ebola/en/

