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Abstract

Rift valley fever (RVF) is a mosquito-borne disease of domestic and wild ruminants caused by RVF virus
(RVFV), a phlebovirus (Bunyaviridae). RVF is widespread in Sub-Saharan Africa. In September of 2010, an
RVF outbreak occurred in northern Mauritania involving mass abortions in small ruminants and camels
(Camelus dromedarius) and at least 63 human clinical cases, including 13 deaths. In camels, serological
prevalence was 27.5–38.5% (95% confidence interval, n = 279). For the first time, clinical signs other than
abortions were reported in this species, including hemorrhagic septicemia and severe respiratory distress in
animals. We assessed the presence of RVFV in camel sera sampled during this outbreak and generated whole-
genome sequences of RVFV to determine the possible origin of this RVFV strain. Phylogenetic analyses
suggested a shared ancestor between the Mauritania 2010 strain and strains from Zimbabwe (2269, 763, and
2373), Kenya (155_57 and 56IB8), South Africa (Kakamas, SA75 and SA51VanWyck), Uganda (Entebbe), and
other strains linked to the 1987 outbreak of RVF in Mauritania (OS1, OS3, OS8, and OS9).

Key Words: Rift Valley fever virus—Camelus dromedarius—Mauritania—Phylogenetic analysis.

Introduction

R ift valley fever (RVF) is an acute disease of do-
mestic and wild ruminants caused by RVF virus

(RVFV), a mosquito-borne virus of the Bunyaviridae family
and the genus Phlebovirus. Like other members of the genus
Phlebovirus, RVFV has a negative-sense single-stranded
RNA genome comprising L (large), M (medium), and S
(small) segments. The L segment encodes the viral RNA
polymerase, whereas the M segment encodes two major
envelope surface glycoproteins, Gc and Gn, the 14-kDa
NSm nonstructural protein, and a 78-kDa fusion protein.
The S segment encodes for the nonstructural protein and the
nucleocapsid (Schmaljohn 1996).

RVF is widespread in Sub-Saharan Africa and has expanded
its geographic range to Egypt (including the River Nile Delta),
the Arabian Peninsula, the Comoros archipelago, and Mada-
gascar (Bird et al. 2009, Cêtre-Sossah et al. 2012). It causes
mass abortions and neonatal mortality in ruminants. Humans
become infected mainly by direct contact with infected ani-
mals (tissues, aerosols) or by the bites of infected mosquitoes.

In western Africa, suspicions of RVF were reported in
the early 1930s and considered as an endemic infection
(Curasson 1934). Serological surveys demonstrated RVFV
circulation in western Africa between 1981 and 1985, par-
ticularly in southern Mauritania, with a prevalence of 18% in
the ruminants and 13% in ruminant farmers (Saluzzo et al.
1987). In autumn of 1987, a major RVF epizootic was
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observed in ruminants of the Senegal River Valley, followed
by human outbreaks (Digoutte et al. 1989). Subsequent RVF
epizootics associated with human cases occurred in 1993,
1998, and 2003 (Soumaré et al. 2012). Favorable environ-
mental conditions, mainly rainfall, are the key factors causing
unusual viral emergence of mosquito vectors, leading to a
larger number of infected domestic animals being considered
as amplifying hosts.

In September, 2010, an RVF outbreak occurred in northern
Mauritania following unusually high rainfall in this desertic
area. Mass abortions were observed in small ruminants and
camels (Camelus dromedarius), and there were at least 63
human clinical cases, including 13 deaths (Faye et al. 2014). In
camels, serological prevalence was 27.5–38.5% (95% confi-
dence interval [CI], n = 279). For the first time, clinical signs
other than abortions were reported in this species, including
hemorrhagic septicemia and severe respiratory distress in

animals (El Mamy et al. 2011). We assessed the presence of
RVFV in camel sera sampled during this outbreak, and gen-
erated whole-genome sequences of RVFV to determine the
possible origin of this RVFV. Rainfall conditions associated
with this outbreak are presented and discussed.

Materials and Methods

On October 6, 2010, serum samples collected from 14 sick
camels and 21 sick goats were transferred to the Senegalese
National Laboratory of Livestock and Veterinary Research
(ISRA/LNERV, Dakar). Viral isolation was attempted on sam-
ples that tested positive by nested RT-PCR (Sall et al. 2001).
Briefly, RVFV isolates were obtained with a single passage on
Vero cells from the serum of four camels, two originating from
Lemsayddi (13.38556W, 19.84030N) and two from Agjatt
(13.00370W, 20.63496N) (Fig. 1A). The animal serum (100 lL)

FIG. 1. (A) Location of Rift Valley fever (RVF) cases in camels with respect to cumulative precipitations in September of
2010. Data source for precipitation: Tropical Applications of Meteorology using SATellite data and ground-based obser-
vations (TAMSAT; (www.met.reading.ac.uk/tamsat). (B) Time series for dekadal precipitations in Agjatt and Lemsayddi,
Mauritania, from 1983 to 2014. The time for the 2010 RVF outbreak is indicated with a red arrow. Data source for
precipitation: Tropical applications of meteorology using satellite data and ground-based observations (TAMSAT). Color
images available online at www.liebertpub.com/vbz
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was mixed with 200,000 Vero cells maintained in Dulbecco
Minimum Essential Medium (D-MEM; Life Technologies,
France) supplemented with 5% fetal bovine serum (FBS),
1000 U/mL penicillin, 1 mg/mL streptomycin, and 1 mM
l-glutamine, in a six-well-format plate at 37�C, 5% CO2. After
72 h of incubation at 37�C, 5% CO2, cell supernatants were
harvested when 80% of cytopathogenic effect (CPE) was ob-
served, centrifuged for 3 min at 1500 · g to remove cell debris,
and finally stored at - 80�C. Viral RNA was extracted from
infected cell supernatants using the RNeasy Mini Kit (Qiagen,
USA) according to the manufacturer’s instructions. Reverse
transcription and amplification were performed using Super-
Script III/Platinum Taq High Fidelity (Invitrogen, San Diego,
CA) with primers targeting the complete S and M segments
(Cêtre-Sossah et al. 2012), leading to the generation of whole-
segment sequences (Beckman Genomics, France).

To compare the genetic relatedness of the isolated viruses,
phylogenetic analyses were performed against a panel of 50
published RVFV sequences. Before phylogenetic inference,
datasets and multiple sequence alignments were examined
thoroughly to eliminate misalignments and ensure correct
framing of coding sequences. Sequences were aligned by
ClustalW, edited using MEGA software version 5, and con-
catenated. GenBank accession numbers for the 25010-24
Mauritania 2010 isolate segments S and M are, respectively,
KM210508 and KM210509. Putative recombination events
in sequence alignments were assessed using RDP4 (Heath
et al. 2006). Recombinant sequences were discarded.

Phylogenetic reconstructions were carried out by the
maximum likelihood (ML) method implemented in the
Treefinder (March, 2011) software package, as previously
described (Cêtre-Sossah et al. 2012). The 100% nucleotide
identity observed for the four isolates led us to choose the
isolate 25010-24 for further phylogenetic analysis. Because
RVF is a mosquito-borne disease, its occurrence is closely
related to mosquito density and therefore surface water
(Linthicum et al. 1999). In this desertic area of Mauritania,
without any lake or river, surface water is mainly related to
rainfall. The 1983–2014 time series of precipitation data for
Africa provided by the TAMSAT Research Group (Tropical
Applications of Meteorology using SATellite data and
ground-based observations) hosted by the University of
Reading, United Kingdom (Grimes et al. 1999) was used to
obtain the rainfall pattern of northern Mauritania. This da-
taset has a dekadal time resolution, and a 0.0375-degree
spatial resolution. A buffer with a 10-km radius around the
reported locations of RVF outbreaks was drawn. The mean
precipitation for each dekade and location between the be-
ginning of July and the end of November was computed.

Results and Discussion

Maximum likelihood phylogenetic analyses suggested a
shared ancestor between the 25010_24 Mauritania 2010
strain and strains from Zimbabwe (2269, 763 and 2373),
Kenya (155_57 and 56IB8), South Africa (Kakamas, SA75

FIG. 2. Phylogenetic tree based on the concatenated small (S) and medium (M) segments of Rift Valley fever virus
(RVFV) relationships. The neighbor-joining method was used for phylogenetic analysis; evolutionary distances were
computed by using the Tamura 3-parameter method and a gamma distribution parameter with a value of 5. GenBank
accession numbers for the Mauritania 2010 segment S and M are, respectively, KM210508 and KM210509. Scale bar
indicates nucleotide substitutions per site. CAR, Central African Republic.
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and SA51VanWyck), and Uganda (Entebbe), and other
strains linked to the 1987 outbreak of RVF in Mauritania
(OS1, OS3, OS8, and OS9) (Fig. 2). Specific amino acid
signatures on the full small and medium segments indicated
in the Table 1 show that the Mauritania 2010 strain is most
closely related to the four strains of Mauritania 1987 and the
2269_Zimbabwe 1974 (eight mutations) and the Van
Wyck_South Africa 1951 and Kakamas_South Africa 2009
strains (nine mutations), which is not in complete accordance
with what was described in the phylogenetic trees based on
human isolates (Faye et al. 2014).

The amplification of the viral load for each of the isolates
through one single Vero cell passage has to be strengthened,
leading to a limited effect on potential genetic changes that
could occur via these amplification methods. Until the 2010
outbreak, the risk of RVF occurrence in the northern part of
Mauritania was considered negligible, because of unfavorable
meteorological conditions for grasslands and surface water,
which are prerequisites for the vectors and the domestic ru-
minants. However, heavy rainfall was observed in early Sep-
tember of 2010 in the region of Atar (Fig. 1A). In the resulting
abundance of grasslands and surface waters, there was an in-
crease in animal movements (camels and small ruminants)
from the Senegal River Valley to northern Mauritania, because
farmers brought their animals to benefit from these resources.

The retrospective study of dekadal precipitations in this
area (Fig. 1B) revealed the heavy rainfall observed in Agjatt
(45 mm) and Lemsayddi (68 mm) during the first dekade of
September, 2010, which was the heaviest rainfall recorded in
a long time in these two locations between 1983 and 2014.
Investigations led the farmers to report the density of mos-
quitoes following this heavy rainfall. There is no doubt that
this mosquito proliferation triggered RVFV transmission.
However, the time when RVFV was introduced is question-
able. Indeed, the outbreaks occurred in distinct places (ca.
100 km away from each other) shortly after the rainfall (Fig.
1B). Two explanations are possible: (1) RVFV was intro-
duced after the rainfall with recently infected animals that
traveled via trucks from the Senegal River Valley, or (2) the
outbreaks were the result of the increase of a low activity of
the virus. Indeed, vertical transmission of RVFV has been
described for some Aedes mosquito species that are well
adapted to arid conditions; desiccated eggs are known to
survive for years in dried mud of temporary ponds (Romoser
et al. 2011). Further work is needed to assess these two hy-
potheses. Indeed, RVFV cases are sometimes reported in
Mauritanian oases and other arid areas without any clear
explanation of the epidemiologic pattern (Diallo et al. 2005).

Camels are known to be susceptible to RVFV infection (El
Mamy et al. 2011). The virus has been isolated from appar-
ently healthy camels (Imam et al. 1979) , but their epidemi-
ological role is uncertain. High seroprevalence has been
reported in camels on several occasions: 22% and 57% in
Kenya and 1978 and 2006 outbreaks, respectively (Davies
et al. 1985, Britch et al. 2013), and 15% in Morocco from
camels imported from Mauritania after the 2010 RVF out-
break (El Harrak et al. 2011). Our study provided evidence
that clinical disease in camels coincided with RVFV viremia
during the 2010 outbreak in Mauritania. These sick animals
were probably infected by mosquitoes taking their blood
meals and were thus a probable source of infection for human
handlers. Intensive human and animal movements between

western African countries have predominated for centuries in
combination with high vector density. The RVFV surveil-
lance improvement via less than 1-year-old sentinel herds
and entomological studies looking at vector diversity and
abundance linked to climatic conditions analysis is crucial to
better anticipate the risk of a new outbreaks, prevent the
disease to spread, and strengthen control measures. Group
discussions with remote rural human populations (breeders
and butchers) and society officials before the occurrence of
new outbreaks will favor the socio-ecological context, mak-
ing it easier to handle the disease if it occurs.
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