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Background: Rift Valley Fever (RVF) is a mosquito-borne viral zoonosis that was first isolated and
characterized in 1931 in Kenya. RVF outbreaks have resulted in significant losses through human illness and
deaths, high livestock abortions and deaths. This report provides an overview on epidemiology of RVF
including ecology, molecular diversity spatiotemporal analysis, and predictive risk modeling.

Methodology: Using the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines, we systematically searched for relevant RVF publications in repositories of the World Health
Organization Library and Information Networks for Knowledge (WHOLIS), U.S Centers for Disease
Control and Prevention (CDC), and Food and Agricultural Organization (FAO). Detailed searches were
performed in Google Scholar, SpringerLink, and PubMed databases and included conference proceedings
and books published from 1931 up to 31st January 2015.

Results and discussion: A total of 84 studies were included in this review; majority (50%) reported on common
human and animal risk factors that included consumption of animal products, contact with infected animals
and residing in low altitude areas associated with favorable climatic and ecological conditions for vector
emergence. A total of 14 (16%) of the publications described RVF progressive spatial and temporal
distribution and the use of risk modeling for timely prediction of imminent outbreaks. Using distribution
maps, we illustrated the gradual spread and geographical extent of disease; we also estimated the disease
burden using aggregate human mortalities and cumulative outbreak periods for endemic regions.
Conclusion: This review outlines common risk factors for RVF infections over wider geographical areas; it also
emphasizes the role of spatial models in predicting RVF enzootics. It, therefore, explains RVF epidemiological
status that may be used for design of targeted surveillance and control programs in endemic countries.
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zoonosis with evidence of widespread occurrence

in humans and animals in Africa and the Arabian
Peninsula. Major epidemics have been reported most
notably in Egypt (1977, 2003), Kenya (1997-1998, 2006—
2007), Tanzania (2007), Somalia (2007), Saudi Arabia
and Yemen (2000—-2001), Sudan (2007), Mayotte (2008),
and Mauritania (2010, 2012) (1-11). The RVF virus

Rift Valley Fever (RVF) is an arthropod-borne viral

(RVFYV) is a Phlebovirus belonging to the Bunyaviridae
family of viruses (12). RVFV has been isolated from over
30 species of mosquitoes in six genera (13, 14). RVF
outbreaks are associated with the occurrence of the warm
phase of the El Nifio/Southern Oscillation (ENSO) phe-
nomenon causing floods, increased greenness of vegeta-
tion index, and emergence of mosquito vectors that infect
susceptible ruminant hosts (15-17). According to the
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World Organization for Animal Health (OIE), RVFV
is an OIE high-impact transboundary pathogen with
potential for bioterrorism and a setback to international
livestock trade (18). Here, we present a comprehensive
review that provides an update on RVF with a focus on
understanding the epidemiology of RVF, including ecol-
ogy and risk factors as well as molecular diversity, spa-
tiotemporal epidemiology, and risk modeling for disease
endemic regions.

Methodology

Search strategy

Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) (19) guidelines were used to
search for published literature from 1931 up to 3lst
January 2015 in PubMed, SpringerLink, WHOLIS, Food
and Agricultural Organization (FAO), and U.S Centers
for Disease Control and Prevention (CDC) databases. To
maximize the completeness of the search and reduce
selection bias, the search was restricted to English articles
using the medical subject heading (MESH) search terms “rift

valley fever” AND “epidemiology” OR “spatio-temporal”
OR “modelling”. A generalized search was performed
using Google Scholar to identify relevant documents not
published in peer-reviewed journals using similar terms as
above. During the initial search, studies were selected
based on a review of titles and abstracts. All abstracts iden-
tified from the indexed databases were screened for eligi-
bility, and the full text of relevant articles was reviewed.
Review articles on RVF were examined to identify
non-indexed articles fitting the eligibility criteria (Fig. 1).

Eligibility and inclusion criteria

Studies included in this review described replicable
findings on the epidemiology and geographical extent
of RVF, molecular and genetic diversity, human and
animal risk factors associated with ecological and cli-
matic conditions, and spatiotemporal and predictive risk
modeling for RVF.

Exclusion criteria
We excluded RVF reports on sero-epidemiological sur-
veys that reported negative results and risk factor studies
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Fig 1.

PRISMA flow chart diagram describing the studies selection process for inclusion in this review [adapted and modified from (19)].
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that had no clear case definition or that had an extremely
low sample size ( <100). We developed a specific criteria
based on subject matter expertise which excluded sec-
ondary reports, editorial opinions, personal communica-
tions, and studies published in scientific conferences that
were purely descriptive with no quantitative or qualitative
inferences, as illustrated in Fig. 1.

Results

The data

Using the key search terms, 1121 records were retrieved
from indexed scientific databases [PubMed (538) and
SpringerLink (583)], while 418 non-indexed reports were
obtained from generalized searches in Google Scholar
(356), WHOLIS (50), FAO/CDC (7), government reports
(1), and conference proceedings (4). All records were
imported in to Microsoft Excel, and articles presenting
duplicate titles/findings were removed to obtain 800
records. Further screening was done by title and abstract
focusing on studies reporting the epidemiology of RVF
including ecology and risk factors as well as molecular
diversity, spatial-temporal epidemiology, and risk model-
ing. Six hundred and seventy five articles (675) were
eliminated based on the general exclusion criteria to
remain with a subset of 125 publications that were assessed
for eligibility by reading the full text. Furthermore, 41
articles were removed by the subject matter exclusion
criteria; limiting this review to 84 publications where 60
had quantitative and qualitative inferences, while 24 had
qualitative but replicable findings (Fig. 1).

Maps: spatiotemporal distribution of RVF occurrence
The descriptive geography of the epizootic or endemic
status of RVFV was illustrated using GIS software
(ArcView® 10.2.2) to produce distribution maps (Figs. 2
and 3). The input data were extracted from the relevant
cited publications. The aggregate number of outbreaks in
months as reported at country level was confirmed by
clinical diagnosis or serological evidence in livestock and
humans. From available records, we calculated the cumu-
lative human case fatalities in 13 African and two Arabian
countries from 1977 to 2012. More details are available in
Fig. 2.

The epidemic focus of RVFV was contained in Kenya in
1912 (20) until three decades later, before spreading to
neighboring Tanzania in the late 1940s (21). Intensive
outbreaks in Southern Africa in the 1950s were evident in
South Africa, Namibia, Zimbabwe, and Zambia forming
secondary epidemic foci (22) (Fig. 2). The proximity of the
Arabian Peninsula to the Horn of Africa and associated
livestock trade may be responsible for the geographical
spread of the virus to Saudi Arabia and Yemen (23) as
indicated in Fig. 2.

Rift Valley Fever epidemiology

An epidemiologic shift was evident in the West African
pocket in the late 1980s, and may have been associated with
climate variability, leading to aggressive emergence and
dispersal of competent mosquito vectors of Aedes and
Culex species to the large ruminant populations in
Mauritania and Senegal. Southern Africa and West Africa
have reported the longest RVF outbreak periods with
South Africa and Mauritania (24) sustaining longer out-
breaks compared to the rest of the Horn of Africa as
detailed in Fig. 3.

Epidemiology, ecology and risk factors for RVF
occurrence

RVF epizootics and epidemics in livestock and humans
have occurred periodically with the initial geographic
range restricted to sub-Saharan Africa, but since 2000 it
has spread to the Arabian Peninsula. An enzootic hepatitis
in sheep was observed as early as 1912, but the first clinical
report was among sheep, cattle, and humans in areas near
Lake Naivasha in Kenya in 1930 (25). Since that time,
recurrent epidemics have been reported for the last 60 years
in South Africa (26), Zimbabwe (27), Mauritania (9—11),
Senegal (28), Zambia, Namibia, Gabon, Burkina Faso,
Madagascar, East Africa, and more recently in Mayotte,
Yemen, and Saudi Arabia (1-7, 29, 30) (Fig. 2 and Table 1).

The South African epizootic of 1951 led to deaths of
over 100,000 sheep and half a million livestock abortions
(25). In Egypt, a notable human epidemic was reported in
1977 causing an estimated 600 deaths and significant
livestock abortions and mortalities. This first report of
RVF in Egypt may have been associated with introduction
of the virus through livestock trade from the Horn of
Africa and aggressive emergence of mosquitoes from the
flooded Nile River (32). An additional 45 RVF cases were
reported in farmers in Seedy Salim district, where up to 17
human deaths were confirmed in the Egyptian Kafr Al-
Sheikh Governorate (33).

A retrospective cohort study conducted in 1989 in
Senegal assessed risk factors among 273 people aged >S5
years. Increased seropositivity was associated with ad-
vanced age. Nursing sick people while being in contact
with sick animals had a six-fold risk of infection, and male
animal attendants had five-fold risk of contracting RVF as
compared to females (34) (Table 1). In the Horn of Africa,
epidemics have been closely associated with El Nifio-
related flooding resulting in a large outbreak in 1997-
1998 that led to thousands of livestock deaths and
estimated 500 human deaths (2, 35). In 2000, the first
RVF outbreak in Saudi Arabia was investigated among 800
patients with a case fatality rate of about 14%. RVF IgM,
detected in >50% persons, was indicative of active
infection. The majority of cases were males over 40 years
old (36). During the same period, another prospective
study reported mortalities of up to 34% in 165 seropositive
patients (37) (Fig. 2 and Table 1).
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Fig. 2. Map of Africa and Arabian Peninsula illustrating the spatial and temporal distribution of Rift Valley status from the first
suspected case in 1912. Total number of human deaths (HD) is indicated for selected countries for all outbreak periods. Based on

(2, 5-7, 10-12, 14, 16, 22, 23, 25, 40, 46, 54, 75, 80).

In 20062007 the outbreak that affected Sudan, Kenya,
Somalia, and Tanzania led to substantial losses of live-
stock and over 900 human deaths (6, 38—41). In 2000,
sustained heavy rainfall in the Arabian Peninsula led to
flooding and the first outbreak of RVF in Saudi Arabia
and Yemen (42), which resulted in over 200,000 human in-
fections with an estimated 250 human deaths and thou-
sands of livestock deaths (5, 43, 44) (Fig. 2 and Table 1).

In East Africa, high-risk areas for RVFV activity have
been identified based on ecological receptiveness for the
vector, historical presence of virus or proximity to known

infected areas, and areas experiencing increased rainfall
and flooding. High incidence has been reported in areas
having soil with poor drainage and flat landforms with low
altitudes below 500 m (21, 45, 46). Human and animal
prevalence studies focus on description of risk factors for
outbreak using OR as a measure of association of factors
in prevalence studies. Most of the studies examined
human—animal contact or consumption of animal pro-
ducts (47). After the 2006-2007 RVF outbreak in Kenya, a
randomized household cluster survey was conducted in
two RVF outbreak foci areas — one among 248 individuals
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Fig 3. Map of Africa and the Arabian Peninsula illustrating the spatial and temporal distribution of Rift Valley cumulative outbreaks

in days from 1977 to 2012 (2, 5-7, 10-12, 22, 23, 25, 40, 46, 80).

and another population-based serological survey in
three foci among 861 individuals in over 400 households
(39, 48).

Both studies reported higher infection with RVF among
male herders, and common risk factors were touching or
disposing aborted fetuses or being exposed to mosquitoes.
Other risk factors include consuming or handling products
from sick animals, contact with livestock as herdsmen and
handling of aborted fetuses, milking, skinning, slaughter-
ing, sleeping with animals, touching blood, and caring for
animals during birthing (39, 48).

Movement of livestock during the viremic phase of
infection to areas with high mosquito density and naive

livestock populations poses a high risk of human infec-
tion especially among persons handling livestock (39, 49).
A multispecies sero-epidemiological survey was con-
ducted in the Sahrawi territory which is a cluster of
refugee camps in Tindouf province of Algeria. Less than
1% of the 982 ruminant samples tested positive for IgG
antibodies against RVFV with two clusters of high
seroprevalence in Mehaires (7.14%) and Tifariti (7.69%)
regions. The proximity of this region to RVF endemic
countries like Mauritania and Senegal that engage in
large livestock trade may have been responsible for the
frequency of RVF outbreaks in 2008, where goats and
older animals had higher seropositivity (50).
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Table 1. Characteristics of the eligible studies investigating RVF epidemiology, ecology, risk factors, and spatial modeling 1931-2012

Morbidity and mortality estimates

Animals Humans

Geographic Reported Reported Estimated impact
Year(s) distribution Study design Research questions/objectives cases Deaths cases Deaths in US$ (x 105 References
1931 Kenya Cross-sectional Risk factors and ecology nd 4,700 nd nd nd (25)
1950-1951 South Africa Cross-sectional Epidemiology and spatial modeling 600,000 100,000 nd nd nd (22, 26, 31)
1977-1978  Egypt Cross-sectional Epidemiology and socioeconomics nd nd 200,000 598 115 (1, 32, 81)
1978 Zimbabwe Cross-sectional Risk factors 70,000 10,000 nd nd nd 27, 31)
1988 Mauritania Case-—control Risk factors nd nd nd 224 nd 9
1987-1989  Senegal Cohort Molecular epidemiology 1,715 nd 273 16 nd (28, 34)
1997-1998  Kenya Cross-sectional Ecology, risk factors and 89,000 478 160,000 450 250° (2, 35, 82)

Somalia socioeconomics nd nd 28,000 170 378°

Tanzania nd nd 89,000 478 nd
1998 Mauritania Cross-sectional Sero-epidemiology, entomology and 343 nd 90 1 (30)

virology

2000 Saudi Arabia Cross-sectional Risk factors and ecology >10,000 1,000 883 245 10 (36, 37)
2000-2001 Yemeni Cross-sectional Risk factors and socioeconomics 22,000 6,000 1,328 166 107 (5, 42, 81)
2003 Egypt Cross-sectional Risk factors and virology nd nd 45 17 nd (33)
2007-2008  Sudan Cross-sectional Risk factors and ecology nd nd 75,000 (698) 222 nd (6, 79, 80)
2008-2009 Madagascar Cross-sectional Epidemiology and socioeconomics nd nd 10,000 (712) 26 nd (84)
2006-2007  Somalia Cross-sectional Risk factors, predictive modeling and nd nd 35,000* (114) 51 541°¢ (21, 29, 39,

Tanzania ecology 32,000 4,200 40,000* (264) 109 40, 48, 49, 52)

Kenya nd nd 75,000* (684) 158
2010-2011 South Africa Cross-sectional Spatial and predictive modeling 14,342 8,877 242 26 nd (22, 75, 84)
2012 Mauritania Cross-sectional Risk factors, molecular diversity nd 343 41 17 nd 8, 10, 11)

nd =no documented estimates; ¢ =combined estimates.

*Estimated cases in brackets are the reported.
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In 2007-2008, a large cross-sectional seroprevalence
survey among 17,000 people in Tanzania revealed a higher
seroprevalence of 29.3% in persons living near water
bodies. Seropositivity was also associated with increased
age, owning livestock, and poverty. It further showed a
high correlation of increased risk in areas with dense
vegetation, hence, favoring mosquito emergence and large
cattle populations (51). Similarly a clinical epidemiological
study of 511 RVF suspect cases in Tanzania during the
2007 outbreak revealed major signs of infection such as
fever, encephalopathy, retinopathy, and hemorrhages with
a high case fatality rate of about 30% in 186 laboratory-
confirmed cases. Increased infection was highly associated
with contact or consumption of foods of animal origin (52)
(Table 1).

In 2011, a random cross-sectional survey was conducted
on about 1600 livestock in Kilombero Valley, Tanzania.
It showed that younger animals born after the 2007
outbreak had a lower prevalence (5.5%) compared to older
animals ( >22.7%), but a large difference was observed in
female animals having a three-fold increased risk com-
pared to male animals (53). Grazing within 5 km of water
bodies had little influence on the presence of antibodies
compared to animals grazing > 15 km from water bodies;
this is in contrast to the expected increase in vector density
at breeding sites where hosts aggregate. However, a related
human study in Mbeya region of Tanzania reported
a higher correlation between altitude and increased
seroprevalence among 1,228 residents (51).

Despite the proximity of Uganda to Kenya and Tanzania,
RVF outbreaks have never been reported in Uganda in
either humans or animals. Magona et al. (54) tested 2,700
European and local goat breeds in 30 farms across four
Ugandan districts and recorded a 10% seroprevalence of
antiRVF IgG antibodies. Similarly in Djibouti located in
the Horn of Africa, Andayi et al. (55) assessed the risk
factors and sero-epidemiology of arbovirus and detected
an RVF prevalence of 2.2% in 1,000 humans. This con-
firms the presence of subclinical virus circulation in non-
epidemic areas and calls for continued virus and vector
surveillance in anticipation of outbreaks.

In Mayotte, a risk factor assessment conducted in 2011
among 1,420 individuals and 198 seronegative ruminants
in 33 herds (56) found that high human seroprevalence was
associated with increased age (> 15 years), being male,
proximity to water bodies, farming, and low education
levels. While animal risk factors were similar to reports in
East Africa, a major risk factor for both humans and
animals was exposure to competent mosquito vectors (56).
The 2012 outbreak in southern Mauritania reported 17
human deaths among 41 confirmed cases (10, 11).
Phylogenetic analysis indicated that outbreaks may have
remerged from enzootic foci with isolates having a close
relationship with the strains responsible for the 2010
outbreak in the northern part of Mauritania (8, 10).

Rift Valley Fever epidemiology

Analysis of ecological factors associated with RVF
infection in Gabon from 2005 to 2007 was conducted in
4,323 individuals covering 10% of national households.
Despite the lower overall seroprevalence (3.3%), indivi-
duals living around the lake region had higher seroposi-
tivity (8.3%) than those residing in forested and savannah
areas (2.9 and 2.2%, respectively). This study reaffirms the
role played by water bodies leading to rapid turnover of
competent vectors (57) to establish RVF endemic status as
also evidenced in Mbeya, Tanzania (51). The influence of
sex on RVF infection rates was described by a hospital
based case control study that was conducted on 290 febrile
patients during the 2007 outbreak in Sudan. One hundred
and twenty two (82%) of 149 patients were RVFV IgG
seropositive with a reported three-fold risk of being
seropositive for males (OR =2.8, 95% CI =1.0-7.6) (58).

In Saudi Arabia, a seroprevalence survey of 275 small
ruminants examined the contribution of environmental
and animal risk factors to RVF outbreaks and demon-
strated a positive association of disease occurrence and
increased precipitation (OR =2), presence of water bodies
(OR =2.2), high vector density (OR =4.2), with high
disease occurrence (59); the findings were closely related
to other studies in Gabon and Tanzania (51, 57). Caminade
et al. (60) investigated the relationship between rainfall
and greening vegetation triggering RVF outbreaks in
Mauritania from 1990 to 2012. Whereas intra-season
variability of weeklong rainless periods, then heavy pre-
cipitation was observed to be critical in the onset of
outbreaks, this finding was contrary to the effect of total
seasonal levels precipitation or normalized differential
vegetative index (NDVI) responsible for East African
outbreaks (15, 61).

Molecular epidemiology and genetic diversity of
RVFV

Phylogenetic analysis of samples isolated from 1944 to
2000 in 10 African countries and Saudi Arabia revealed
that seven main viral lineages were categorized as A, B, C,
D, E, F, and G among the 33 viruses (62). Despite the A—D
lineages existing in most African countries, enzootic
circulation was consistent in Central Africa. There is
potential of virus transportation outside endemic regions
which may have been associated with the outbreak in
Egypt (1977-1979) due to introduction of genotypes from
endemic sub-Saharan Africa. Five more lineages (B, F, H,
I, and M) were described; this high variability may be due
introduction of virus by the live Smithburn vaccines used
to combat the outbreaks of South Africa (1951-1968) and
Zimbabwe (1969-1970) (63).

There is evidence of widespread circulation of multiple
lineages B, C, K, and L, with C being isolated from
outbreaks in Zimbabwe (1978), Madagascar (1991), Horn
of Africa 1997-1998, Saudi Arabia (2000-2001), Kenya
(2007), and South Africa (2008-2009). However, the
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genetic similarity in isolates of 1977, 1983, and the 1997—
1998, 20062007 in Kenya may indicate virus introduction
through vaccination using live vaccines (63). Genetic
analysis of S, M, and L segments of RVF isolates from
the Arabian Peninsula outbreak in 2001 indicated striking
similarity to isolates associated with RVF epidemics in
Kenya (1997) and Madagascar (1991). This may rule out
the genetic reassortment associated with the emergence of
RVFYV in the Arabian Peninsula but suggest concurrent
virus circulation and genetic evolution of during the inter-
epidemic period (64). Phylogenetic analysis of 2007 and
2010 outbreak samples from Sudan revealed a closer
lineage with the Kenyan RVFV variants during the
2006-2007 outbreak, suggesting a common ancestry and
multiple viral introductions from East Africa (65).

Common genetic ancestry was demonstrated by Faye
et al. (66) from human and animal outbreak strains in
Mauritania (2003) whose phylogenetic lineages were
similar to isolates from Madagascar (1991), Kenya
(1997), Chad (2001), and Saudi Arabia (2001). Whole
genome sequencing using 12 strains of viruses isolated for
over 50 years (1944—2001) from six African countries and
Saudi Arabia indicated that Aedes vexans arabiensis was
responsible for the 2000 in Saudi Arabia. These cases
occurred after heavy rainfall, hence, agreeing with East
African dynamics of disease emergence based on favo-
rable ecological variables for vector emergence (66, 67).
Genomic analysis of over 3,000 animal specimens collected
in Kenya during the 2006-2007 outbreak demonstrated
concurrent circulation and genetic reassortment of multi-
ple virus lineages in 31 RVFYV isolates. The 2006/2007
outbreak viruses had the same ancestry as the 1997/1998
outbreak strains. The coverage of all genome segments was
confirmed by serology and, therefore, confirms enzootic
circulation and wider geographical distribution of similar
RVFYV strains (38).

In West Africa, phylodynamics of RVFV has been
evaluated by Bayesian models using 48 RVFYV isolates
collected over 65 years from 18 sites in Senegal and
Mauritania, and 15 other countries (24). They demon-
strated a geographic pattern with high temporal coherence
matching the earlier reported cases in East Africa. There
were five distinct introductions routes in Senegal and
Mauritania, stretching from South Africa, Zimbabwe,
hence, confirming the serological and entomological
surveys that Barkedji coastal area of West Africa may be
a vital entry point of RVFV in Senegal and Mauritania
(24).

In East Africa, a whole genome phylogenetic analysis
of 16 RVF viruses isolated from humans, livestock, and
mosquitoes during the 2006—2007 outbreak revealed three
distinct lineages, which in comparison had similarity to the
Kenyan isolates of 1980, 1998 and the Saudi Arabia isolate
of 2000 but had no genetic similarity with other isolates
including Entebbe 44 and Kenya 1965 (68). This strongly

suggest the possibility of focal ‘de-novo’ reemergence of
viruses and spontaneous release of resident virus main-
tained inter-epidemically in desiccated Aedes eggs which
hatch during flooding.

During the Kenyan 2006-2007 RVF outbreak, virus
isolates were analyzed for genetic diversity in three out-
break regions. The eight human isolates had up to 99.6%
nucleotide sequence identity with each other across the M
segment of the genome. They had high homology with
the RVF strains involved in the 1996-1997 RVF outbreak
in Kenya and 2000 outbreak in Saudi Arabia (49). The
outbreaks of RVF in Arabian Peninsula in 2000 may be
associated virus introduction from disease endemic areas
through transboundary livestock trade of infected animals
and migration of sick persons, these may be supported by
the genetic similarity of the Arabian Peninsula strains to
Kenyan isolates during the 1997/1998 RVF outbreak (23).

Spatial temporal epidemiology and predictive
modeling of RVF

Earlier predictive studies by Linthicum et al. (69) used
satellite derived NDVI and rainfall to assess the potential
for RVFV activity in two ecologically distinct RVF enzo-
otic areas in Kenya which indicated a positive correlation
between NDVI and high mosquito population, hence the
high likelihood of RVF occurrence. Using a 19-year-old
NDVI data, a mask was created to identify areas where
RVF was more likely to occur in the savannah ecosystems
of Africa. In East Africa, there was a strong correlation
between predicted risk areas and observed outbreaks of
RVF from 1981 to 2000; these outbreaks were more likely
to occur during warm ENSO events in East Africa while
cold ENSO events in Southern Africa triggered RVF
outbreaks (70).

A climatic RVF risk-monitoring model was proposed
in predicting the potential spatial and temporal distribu-
tion by using NDVI anomaly and elevated sea surface
temperature (SST). The model retrospectively detected
previous three outbreaks (1982-83, 89 and 1997-98)
which correlated with positive SST and NDVI anomalies
and also predicted, almost accurately, the areas for 2006—
2007 outbreak areas in East Africa (13). Despite high
success in predicting outbreak areas times and areas, the
coarse resolution of 8 km may overgeneralize the risk and
it was, therefore, useful for small-scale areas as countries
and not continental scales.

Spatiotemporal analysis employing climatic and envir-
onmental variables was used in combination with vector
surveillance data to predict potential outbreaks in Horn
of Africa, Sudan, and Southern Africa with suitable areas
of eminent epidemics identified with a lead time of 2—4
months. Accurate prediction timelines by optimal model
performance were enhanced with precise animal and
human disease data (14). Using time series analysis of
NDVI from September 1997 to April 1998, RVF suitable
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areas were identified in Kenya with a lead time of
5 months, these received anomalous rainfall which led
to favorable conditions for emergence of RVFV vectors.
This has been supported by recent studies by Anyamba
et al. whose improved methods led to first the prospective
prediction of RVFV circulation enabling accurate pre-
diction with lead times of 2—4 months before outbreaks
(14, 15, 71).

A large-scale continental estimate of RVF prevalence in
Africa using serological data has been explored by a
spatially explicit Bayesian logistic-regression model (72).
There were correlated high-prevalence RVF clusters in
areas that had previously experienced epidemics including
Kenya’s North Eastern region and Somalia. This study and
others form a framework for estimating the seroprevalence
where no accurate serological data are available (72, 73).

Using knowledge driven spatial modeling, RVF ende-
micity suitability maps for Africa were developed by
Clements et al. (74). Most of sub-Saharan Africa had
high predicted suitability of RVF occurrence; moderate
suitability was predicted for Morocco, Algeria, and
Tunisia while the whole of the Sahara desert was unsui-
table. This was corroborated with overlay of observed
serological prevalence for suitability for RVF in Senegal,
thus providing wider applications where serological data
are available.

Metras et al. (75) reported five major cycles of RVF
outbreaks in South Africa from 2008 to 2011 with the 2010
cases having elaborate spatiotemporal interactions and
supporting the role of other factors in the spread of disease
beyond active vector dispersal. This study, however,
described human patients who may have acquired infec-
tion by close contact with infected animals or who were
infected directly from mosquito bites (74, 75). A compre-
hensive temporal and spatial distribution of RVF out-
breaks in South Africa from 1950 to 2011 was described by
Pienaar et al. (22) using more accurate records from smaller
but extensive outbreaks in livestock and humans. These
studies indicated higher cumulative outbreaks periods in
South Africa despite low human and livestock mortalities
(Figs. 2 and 3 and Table 1).

Previous retrospective sero-epidemiological studies in
Kenya using wildlife data correlate well with spatial
predictions and the epidemiological sequence of RVFV
transmission providing a future window of improving RVF
transmission risk models (76). Sindato et al. (46) in
Tanzania examined the distribution of RVF outbreaks
from 1930 to 2007. Heterogeneity in outbreaks was
observed as well as increased likelihood of occurrence in
areas receiving rainfall above 400 mm and areas with clay
or loam soils. Previous spatial analysis of non-clinical RVF
cases in Tanzania indicated the existence of multiple
ruminant hosts that were potential reservoirs of RVFV
during inter-epidemic period and increased the likelihood
of outbreaks in animals located at elevations less than
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1,000 m (21), confirming observations of influence of
elevation on outbreaks in Kenya (45).

In Kenya, Hightower et al. (45) utilized geo-referenced
locations of human RVF cases during the 2006-2007
outbreak combined with geological and climatological
attributes to estimate incidence of RVF disease. A correla-
tion of altitude and disease outbreak was evident with
areas at <1,100 meters consistently having epidemics.
This finding was in agreement with the Tanzanian study
that indicated high intra-village seroprevalence of IgG in
domestic and wild ruminants and higher risk at low
altitudes (53).

Discussion and conclusion

This review describes RVF epidemiologic characteristics,
predisposing factors, and potential geographical spread
of RVFV that should be considered in light of other
favorable parameters influencing outbreaks with empha-
sis on host susceptibility, environmental and climatic
conditions. It describes the impacts of outbreaks such as
case fatality and morbidity and also highlights socio-
economic factors that may elevate the risks of infection
among vulnerable populations.

Molecular epidemiology is a useful tool in under-
standing the genetic diversity of concurrent circulation of
RVF related virus lineages between Africa and Arabian
Peninsula, and there may be two modes of circulation:
distant spread across countries or continents and endemic
circulation as observed in Senegal. The role of wildlife
maintenance of the RVFV in the interepizootic period has
since been demonstrated in Kenya (62, 77, 78) (Fig. 2).

Spatiotemporal evidence indicates a progressive spread
of RVFV from initial foci in East Africa to the entire
continent and further geographical spread to Arabian
Peninsula. This may be attributed to the movement of
viremic livestock through transboundary livestock trade.
It may be precipitated by favorable climatic conditions for
aggressive vector emergence and virus dispersal. Despite
the scarce data available for livestock and human mor-
talities, here we have attempted to report human deaths
associated with RVF outbreaks over specific time periods
where records were available. These maps should, there-
fore, be interpreted with caution as they may not accurately
represent the true burden of disease (Figs. 2 and 3).

Predictive models and mapping potential risk of RVF
outbreaks in endemic areas using disease occurrence data,
vector population dynamics, anomalous climatic condi-
tions, and surrogate environmental variables provide a
foreseeable public health strategy for RVF surveillance
(13, 14, 69, 72). The use of seroprevalence data in spatial
and temporal prediction of RVF risk provides an oppor-
tunity to validate previously suggested prospective models
that map areas at risk of RVFV transmission in endemic
regions (76).
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Despite climatic factors being a major contributor to
outbreaks, other ecological and host parameters should be
considered for use of spatiotemporal predictive models for
cost-effective surveillance. The combination of spatial and
temporal predictions of RVF risk with targeted serological
and entomological surveillance can be useful and cost-
effective tool capable of identifying the areas with the
highest probability of an outbreak.

A comparison of RVF outbreaks in Saudi Arabia (2000)
and Sudan (2007) by Hassan et al. (79) described a ‘One
Health’ framework with similar economic impacts related
to the outbreaks in both countries, and suitable ecological
or environmental variables for disease emergence despite
the large geographic separation ( >1,900 km). The find-
ings of this study can be replicated in other endemic regions
by improving epidemiological surveillance systems which
will result in better preparedness, earlier detection, and
mitigate spread of the outbreak.

RVF episodes have a predictable cyclic occurrence
based on climatic forecasts and models with precise
applications to the East African and Horn of Africa
scenarios (14). However, recent models have failed to
accurately pinpoint the location and timing of the next
epidemic. This calls for collaborative research efforts that
attempt to combine serological, climatic, and ecological
data for greater area prediction models that will bridge
the uncertainty in RVF spatial and temporal patterns in
East, South, and West Africa (22, 72, 75, 76).

While this review focuses on reports of major epidemics
and illustrates the geographical pattern of the disease with
pockets in East, West, and Southern Africa, RVF endemic
status may be underreported due to lack of surveillance
and diagnostic capacity in other countries as shown in
Fig. 2. The unexpected RVF epidemiological shift to
Egypt, Sudan in 1988-89 (80), Arabian Peninsula in
2000, and isolated landmasses like Madagascar, Mayotte,
and Comoros may be driven by climatic and ecological
factors conducive for robust vector emergence that coin-
cides with the presence of circulating virus dispersed by
livestock trade and human migration. Due to unreliable
national livestock disease surveillance systems, there is a
dearth of livestock mortality figures; thus, our attempt to
aggregate the sparse human studies to provide mor-
tality and outbreak maps may be severely underestimated
(Figs. 2 and 3).

We have highlighted epidemiological and ecological
studies focusing on humans and animals as well as risk
factors, molecular and genetic diversity, spatiotemporal
and predictive risk mapping for RVE. However, there is a
need to contextualize socioeconomic impacts and to
quantify long-term disease burden of RVF as evidenced
in Table 1 (81-83). Clearly, there is an urgent need for
global collaboration and prioritized research funding to
tackle RVF and other emerging zoonotic diseases (84).

Disclaimer

The findings and conclusions in this paper are by the
authors and views expressed in this publication do not
necessarily represent the decisions, policy, or views of
their institutions.

Acknowledgements

The authors appreciate efforts by Dr. Eric Ogola of KEMRI,
Micheal Mahero of University of Minnesota, Dr. Maurice Byuke-
senge of University of Rwanda, and Dr. Gervais Habarugira of
University of Queensland for critically reviewing the manuscript.
Mr. Thomas Gachie of ICIPE for his invaluable advice on
spatiotemporal analysis.

Conflict of interest and funding

The authors are not aware of any affiliations, member-
ships, funding, or financial holdings that might be per-
ceived as affecting the objectivity of this review and declare
that they have no competing interests. MN was funded
solely for doctorate fellowship by LCCRSP_FTF grant C-
9650-15 at Colorado State University. MN completed the
systematic review as part of his PhD literature review.
The donor had no role in study design, data collection
and analysis, decision to publish or preparation of this
manuscript.

References

1. Imam IZE, Darwish MA, El-Karamany R. An epidemic of Rift
Valley fever in Egypt. 1. Diagnosis of Rift Valley fever in man.
Bull World Health Organ 1979; 57: 437-9.

2. Woods CW, Karpati AM, Grein T, McCarthy N, Gaturuku P,
Muchiri E, et al. An outbreak of Rift Valley fever in North-
eastern Kenya, 1997-98. Emerg Infect Dis 2002; 8: 138—44.

3. Jost CC, Nzietchueng S, Kihu S, Bett B, Njogu G, Swai ES,
et al. Epidemiological assessment of the Rift Valley fever out-
break in Kenya and Tanzania in 2006 and 2007. Am J Trop Med
Hyg 2010; 83(2 Suppl): 65-72.

4. Al-Afaleq Al, Hussein MF. The status of Rift Valley fever in
animals in Saudi Arabia: a mini review. Vector Borne Zoonotic
Dis 2011; 11: 1513-20.

5. Abdo-Salem S, Gerbier G, Bonnet P, Al-Qadasi M, Tran A,
Thiry E, et al. Descriptive and spatial epidemiology of Rift
Valley fever outbreak in Yemen 2000-2001. Ann N Y Acad Sci
2006; 1081: 240-2.

6. Hassan O, Ahlm C, Sang R, Evander M. The 2007 Rift Valley
fever outbreak in Sudan. PLoS Negl Trop Dis 2011; 5: e1229.

7. Sissoko D, Giry C, Gabrie P, Tarantola A, Pettinelli F, Collet L,
et al. Rift Valley fever, Mayotte, 2007-2008. Emerg Infect Dis
2009; 15: 568-70.

8. Jickel S, Eiden M, El Mamy BO, Isselmou K, Vina-Rodriguez
A, Doumbia B, et al. Molecular and serological studies on the
Rift Valley fever outbreak in Mauritania in 2010. Transbound
Emerg Dis 2013; 60(Suppl 2): 31-9.

9. Jouan A, Le Guenno B, Digoutte J, Philippe B, Riou O, Adam
F. An RVF epidemic in southern Mauritania. Ann Inst Pasteur
Virol 1988; 139: 307-8.

10. Sow A, Faye O, Ba Y, Ba H, Diallo D, Faye O, et al. Rift Valley
fever outbreak, Southern Mauritania, 2012. Emerg Infect Dis
2014; 20: 2012-15.

Citation: Infection Ecology and Epidemiology 2015, 5: 28024 - http://dx.doi.org/10.3402/iee.v5.28024

(page number not for citation purpose)


http://www.infectionecologyandepidemiology.net/index.php/iee/article/view/28024
http://dx.doi.org/10.3402/iee.v5.28024

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

WHO (2012). Rift Valley Fever in Mauritania. Geneva,
Switzerland: World Health Organization.

Ikegami T. Molecular biology and genetic diversity of Rift
Valley fever virus. Antiviral Res 2012; 95: 293-310.

Linthicum KJ, Anyamba A, Britch SC, Chretien J-P, Erickson
RL, Small J, et al. A Rift Valley fever risk surveillance system
for Africa using remotely sensed data: potential for use on other
continents. Vet Ital 2007; 43: 663-74.

Anyamba A, Linthicum KJ, Small J, Britch SC, Pak E, de La
Rocque S, et al. Prediction, assessment of the Rift Valley fever
activity in East and Southern Africa 2006-2008 and possible
vector control strategies. Am J Trop Med Hyg 2010; 83(2
Suppl): 43-51.

Linthicum KJ, Anyamba A, Tucker CJ, Kelley PW, Myers MF,
Peters CJ. Climate and satellite indicators to forecast Rift Valley
fever epidemics in Kenya. Science 1999; 285: 397-400.

Indeje M, Ward MN, Ogallo LJ, Davies G, Dilley M, Anyamba
A. Predictability of the normalized difference vegetation index
in Kenya and potential applications as an indicator of Rift
Valley fever outbreaks in the greater horn of Africa. J Clim
2006; 19: 1673-87.

Logan TM, Linthicum KJ, Thande PC, Wagateh JN, Nelson
GO, Roberts CR. Egg hatching of Aedes mosquitoes during
successive floodings in a Rift Valley fever endemic area in
Kenya. J Am Mosq Control Assoc 1991; 7: 109—12.

OIE (2014). Terrestrial code-Rift Valley fever. Volume 2. Paris,
France: OIE; pp. 1-20.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med 2009; 151: 264-9.
Davies FG. The historical and recent impact of Rift Valley fever
in Africa. Am J Trop Med Hyg 2010; 83(2 Suppl): 73-4.
Sindato C, Swai E, Karimuribo E, Dautu G, Pfeiffer D,
Mboera L, et al. Spatial distribution of non-clinical Rift Valley
fever viral activity in domestic and wild ruminants in northern
Tanzania. Tanzania Vet J 2013; 28: 21-38.

Pienaar NJ, Thompson PN. Temporal and spatial history of
Rift Valley fever in South Africa: 1950 to 2011. Onderstepoort J
Vet Res 2013; 80: 384.

Bird BH, Ksiazek TG. Rift Valley fever virus. J Am Vet Med
Assoc 2009; 234: 883-93.

Soumaré P, Freire C, Faye O, Diallo M, de Oliveira V, Zanotto
P, et al. Phylogeography of Rift Valley fever virus in Africa
reveals multiple introductions in Senegal and Mauritania. PLoS
One 2012; 7: 23-6.

Daubney R, Hudson JR, Garnham PC. Enzootic hepatitis or
Rift Valley fever. An undescribed virus disease of sheep cattle
and man from east Africa. J Pathol Bacteriol 1931; 34: 545-79.
Coetzer JW. The pathology of Rift Valley fever. Lesions
occurring in field cases in adult cattle, calves and aborted
fetuses. Onderstepoort J Vet Res 1981; 49: 11-17.

Swanepoel R. Observations on Rift Valley fever in Zimbabwe.
Contrib to Epidemiol Biostat 1981; 3: 83-91.

Guillaud M, Le Guenno B, Wilson ML, Desoutter D, Gonzalez
JP, Digoutte JP. Prevalence of antibodies against Rift Valley
fever virus in sheep and goats in Senegal. Ann Inst Pasteur Virol
1988; 139: 455-9.

WHO. Outbreaks of Rift Valley fever in Kenya, Somalia and
United Republic of Tanzania, December 2006—April 2007.
Wkly Epidemiol Rec 2007; 82: 169-78.

Nabeth P, Kane Y, Abdalahi MO, Diallo M, Ndiaye K, Ba K,
et al. Rift Valley fever outbreak, Mauritania, 1998: seroepide-
miologic, virologic, entomologic, and zoologic investigations.
Emerg Infect Dis 2001; 7: 1052—4.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Rift Valley Fever epidemiology

Swanepoel RCJ. Rift Valley fever. In: Coetzer JAW, Thompson
GR, Tustin RD, eds. Infectious diseases of livestock with
special reference to southern Africa. 2nd ed. Cape Town
South Africa: Oxford University Press; 1994, pp. 1037-70.
Meegan JM. The Rift Valley fever epizootic in Egypt 1977-78.
Description of the epizootic and virological studies. Trans R Soc
Trop Med Hyg 1979; 73: 618-23.

CDC. Rift Valley fever, Egypt. Wkly Epidemiol Rec 2003; 78:
313-20.

Wilson ML, Chapman LE, Hall DB, Dykstra EA, Ba K, Zeller
HG, et al. Rift Valley fever in rural northern Senegal: human
risk factors and potential vectors. Am J Trop Med Hyg 1994; 50:
663-75.

CDC. Rift Valley fever — East Africa, 1997-1998. Morb Mortal
Wkly Rep 1998; 43: 261-4.

Madani TA, Al-Mazrou YY, Al-Jeffri MH, Mishkhas AA, Al-
Rabeah AM, Turkistani AM, et al. Rift Valley fever epidemic in
Saudi Arabia: epidemiological, clinical, and laboratory char-
acteristics. Clin Infect Dis 2003; 37: 1084-92.

Al-Hazmi M, Ayoola EA, Abdurahman M, Banzal S, Ashraf J,
El-Bushra A, et al. Epidemic Rift Valley fever in Saudi Arabia:
a clinical study of severe illness in humans. Clin Infect Dis 2003;
36: 245-52.

Bird BH, Githinji JWK, Macharia JM, Kasiiti JL, Muriithi
RM, Gacheru SG, et al. Multiple virus lineages sharing recent
common ancestry were associated with a large Rift Valley fever
outbreak among livestock in Kenya during 2006-2007. J Virol
2008; 82: 11152-66.

Anyangu AS, Gould LH, Sharif SK, Nguku PM, Omolo JO,
Mutonga D, et al. Risk factors for severe Rift Valley fever infec-
tion in Kenya, 2007. Am J Trop Med Hyg 2010; 83(2 Suppl):
14-21.

Munyua P, Murithi RM, Wainwright S, Githinji J, Hightower
A, Mutonga D, et al. Rift Valley fever outbreak in livestock in
Kenya, 2006-2007. Am J Trop Med Hyg 2010; 83(2 Suppl):
58—64.

Murithi RM, Munyua P, Ithondeka PM, Macharia JM,
Hightower A, Luman ET, et al. Rift Valley fever in Kenya:
history of epizootics and identification of vulnerable districts.
Epidemiol Infect 2011; 139: 372-80.

Ahmad K. More deaths from Rift Valley fever in Saudi Arabia
and Yemen. Lancet 2000; 356: 1422.

Balkhy HH, Memish ZA. Rift Valley fever: an uninvited
zoonosis in the Arabian Peninsula. Int J Antimicrob Agents
2003; 21: 153-7.

CDC. Outbreak of Rift Valley fever—Saudi Arabia. MMWR
Morb Mortal Wkly Rep 2000; 49: 905-8.

Hightower A, Kinkade C, Nguku PM, Anyangu A, Mutonga
D, Omolo J, et al. Relationship of climate, geography, and
geology to the incidence of Rift Valley fever in Kenya during the
2006-2007 outbreak. Am J Trop Med Hyg 2012; 86: 373-80.
Sindato C, Karimuribo ED, Pfeiffer DU, Mboera LEG, Kivaria
F, Dautu G, et al. Spatial and temporal pattern of Rift Valley
fever outbreaks in Tanzania; 1930 to 2007. PLoS One 2014;
9: e88897.

Nicholas DE, Jacobsen KH, Waters NM. Risk factors asso-
ciated with human Rift Valley fever infection: systematic review
and meta-analysis. Trop Med Int Health 2014; 19: 1420-9.
LaBeaud AD, Muchiri EM, Ndzovu M, Mwanje MT, Muiruri
S, Peters CJ, et al. Interepidemic Rift Valley fever virus
seropositivity, northeastern Kenya. Emerg Infect Dis 2008; 14:
1240-6.

Nguku PM, Sharif SK, Mutonga D, Amwayi S, Omolo J,
Mohammed O, et al. An investigation of a major outbreak of

Citation: Infection Ecology and Epidemiology 2015, 5: 28024 - http://dx.doi.org/10.3402/iee.v5.28024

(page number not for citation purpose)


http://www.infectionecologyandepidemiology.net/index.php/iee/article/view/28024
http://dx.doi.org/10.3402/iee.v5.28024

Mark O. Nanyingi et al.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Rift Valley fever in Kenya: 2006-2007. Am J Trop Med Hyg
2010; 83(2 Suppl): 5-13.

Di Nardo A, Rossi D, Saleh SML, Lejlifa SM, Hamdi SJ, Di
Gennaro A, et al. Evidence of Rift Valley fever seroprevalence
in the Sahrawi semi-nomadic pastoralist system, Western
Sahara. BMC Vet Res 2014; 10: 92.

Heinrich N, Saathoff E, Weller N, Clowes P, Kroidl I, Ntinginya
E, et al. High Seroprevalence of Rift Valley fever and evidence
for endemic circulation in Mbeya Region, Tanzania, in a cross-
sectional study. PLoS Negl Trop Dis 2012; 6: e1557.
Mohamed M, Mosha F, Mghamba J, Zaki SR, Shieh W-J,
Paweska J, et al. Epidemiologic and clinical aspects of a Rift
Valley fever outbreak in humans in Tanzania, 2007. Am J Trop
Med Hyg 2010; 83(2 Suppl): 22-7.

Sumaye RD, Geubbels E, Mbeyela E, Berkvens D. Inter-
epidemic transmission of Rift Valley fever in livestock in the
Kilombero River Valley, Tanzania: a cross-sectional survey.
PLoS Negl Trop Dis 2013; 7: €2356.

Magona JW, Galiwango T, Walubengo J, Mukiibi G. Rift Valley
fever in Uganda: seroprevalence and risk factor surveillance
vis-a-vis mosquito vectors, anti-RVF virus IgG and RVF virus
neutralizing antibodies in goats. Small Rumin Res 2013; 114:
176-81.

Andayi F, Charrel RN, Kieffer A, Richet H, Pastorino B,
Leparc-Goffart I, et al. A sero-epidemiological study of
arboviral fevers in Djibouti, Horn of Africa. PLoS Negl Trop
Dis 2014; 8: €3299.

Lernout T, Cardinale E, Jego M, Desprées P, Collet L, Zumbo B,
et al. Rift Valley fever in humans and animals in Mayotte, an
endemic situation? PLoS One 2013; 8: €74192.

Pourrut X, Nkoghé D, Souris M, Paupy C, Paweska J, Padilla
C, et al. Rift Valley fever virus seroprevalence in human rural
populations of Gabon. PLoS Negl Trop Dis 2010; 4: €763.
Hassanain AM, Noureldien W, Karsany MS, Saeed ENS,
Aradaib IE, Adam 1. Rift Valley fever among febrile patients
at New Halfa Hospital, eastern Sudan. Virol J 2010; 7: 97.
Elfadil AA, Hasab-Allah KA, Dafa-Allah OM. Factors asso-
ciated with rift valley fever in south-west Saudi Arabia. Rev Sci
Tech 2006; 25: 1137-45.

Caminade C, Ndione JA, Diallo M, MacLeod DA, Faye O,
Ba Y, et al. Rift Valley fever outbreaks in Mauritania and
related environmental conditions. Int J Environ Res Public
Health 2014; 11: 903—18.

Soti V, Chevalier V, Maura J, Bégué A, Lelong C, Lancelot R,
et al. Identifying landscape features associated with Rift Valley
fever virus transmission, Ferlo region, Senegal, using very high
spatial resolution satellite imagery. Int J Health Geogr 2013;
12: 10.

Bird BH, Khristova ML, Rollin PE, Ksiazek TG, Nichol ST.
Complete genome analysis of 33 ecologically and biologically
diverse Rift Valley fever virus strains reveals widespread virus
movement and low genetic diversity due to recent common
ancestry. J Virol 2007; 81: 2805-16.

Grobbelaar AA, Weyer J, Leman PA, Kemp A, Paweska JT,
Swanepoel R. Molecular epidemiology of Rift Valley fever
virus. Emerg Infect Dis 2011; 17: 2270-6.

Shoemaker T, Boulianne C, Vincent MJ, Pezzanite L, Al-
Qahtani MM, Al-Mazrou Y, et al. Genetic analysis of viruses
associated with emergence of Rift Valley fever in Saudi Arabia
and Yemen, 2000-01. Emerg Infect Dis 2002; 8: 1415-20.
Aradaib IE, Erickson BR, Elageb RM, Khristova ML, Carroll
SA, Elkhidir IM, et al. Rift Valley fever, Sudan, 2007 and 2010.
Emerg Infect Dis 2013; 19: 246-53.

Faye O, Diallo M, Diop D, Bezeid OE, Ba H, Niang M, et al.
Rift Valley fever outbreak with East-Central African virus line-
age in Mauritania, 2003. Emerg Infect Dis 2007; 13: 1016-23.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

Miller BR, Godsey MS, Crabtree MB, Savage HM, Al-Mazrao
Y, Al-Jeffri MH, et al. Isolation and genetic characterization of
Rift Valley fever virus from Aedes vexans arabiensis, Kingdom
of Saudi Arabia. Emerg Infect Dis 2002; 8: 1492—4.

Nderitu L, Lee JS, Omolo J, Omulo S, O’Guinn ML, Hightower
A, et al. Sequential Rift Valley fever outbreaks in eastern Africa
caused by multiple lineages of the virus. J Infect Dis 2011; 203:
655-65.

Linthicum KJ, Bailey CL, Davies FG, Tucker CJ. Detection of
Rift Valley fever viral activity in Kenya by satellite remote
sensing imagery. Science 1987; 235: 1656-9.

Anyamba A, Linthicum K, Mahoney R, Tucker CJ, Kelley PW.
Mapping potential risk of Rift Valley fever outbreaks in African
savannas using vegetation index time series data. Photogramm
Eng Remote Sensing 2002; 68: 137-45.

Anyamba A, Linthicum KJ, Tucker CJ. Climate-disease con-
nections: Rift Valley Fever in Kenya. Cad Saude Publica 2001;
17(Suppl): 133-40.

Clements ACA, Pfeiffer DU, Martin V, Otte MJ. A Rift Valley
fever atlas for Africa. Prev Vet Med 2007; 82: 72-82.

Soumare B, Tempia S, Cagnolati V, Mohamoud A, Van
Huylenbroeck G, Berkvens D. Screening for Rift Valley fever
infection in northern Somalia: a GIS based survey method to
overcome the lack of sampling frame. Vet Microbiol 2007; 121:
249-56.

Clements ACA, Pfeiffer DU, Martin V. Application of knowledge-
driven spatial modelling approaches and uncertainty mana-
gement to a study of Rift Valley fever in Africa. Int J Health
Geogr 2006; 5: 57.

Meétras R, Porphyre T, Pfeiffer DU, Kemp A, Thompson PN,
Collins LM, et al. Exploratory space-time analyses of Rift
Valley fever in South Africa in 2008-2011. PLoS Negl Trop Dis
2012; 6: e1808.

Britch SC, Binepal YS, Ruder MG, Kariithi HM, Linthicum KJ,
Anyamba A, et al. Rift Valley fever risk map model and
seroprevalence in selected Wild ungulates and camels from
Kenya. PLoS One 2013; 8: €66626.

Sall AA, Zanotto PM, Vialat P, Séne OK, Bouloy M. Molecular
epidemiology and emergence of Rift Valley fever. Mem Inst
Oswaldo Cruz 1998; 93: 609-14.

Evans A, Gakuya F, Paweska JT, Rostal M, Akoolo L, Van
Vuren PJ, et al. Prevalence of antibodies against Rift Valley
fever virus in Kenyan wildlife. Epidemiol Infect 2008; 136:
1261-9.

Hassan O, Ahlm C, Evander M. A need for one health
approach — lessons learned from outbreaks of Rift Valley fever
in Saudi Arabia and Sudan. Infect Ecol Epidemiol 2014; 4: 1-8.
Watts D, El-Tigani A, Botros B, Salib A, Olson J, McCarthy M,
et al. Arthropod-borne viral infections associated with a fever
outbreak in the northern province of Sudan. J Trop Med Hyg
1994; 97: 228-30.

Peyre M, Chevalier V, Abdo-Salem S, Velthuis A, Antoine-
Moussiaux N, Thiry E, et al. A systematic scoping study of the
socio-economic impact of Rift Valley fever: research gaps and
needs. Zoonoses Public Health 2015; 62: 309-25.

Soumaré B, Thys E, Berkvens D, Hashi A, Van Huylenbroeck
G. Effects of livestock import bans imposed by Saudi Arabia on
Somaliland for sanitary reasons related to Rift Valley fever.
Outlook Agric 2006; 35: 19-24.

Rich KM, Wanyoike F. An assessment of the regional and
national socio-economic impacts of the 2007 Rift Valley fever
outbreak in Kenya. Am J Trop Med Hyg 2010; 83: 52-7.

Dar O, Mclntyre S, Hogarth S, Heymann D. Rift Valley fever
and a new paradigm of research and development for zoonotic
disease control. Emerg Infect Dis 2013; 19: 189-93.

Citation: Infection Ecology and Epidemiology 2015, 5: 28024 - http://dx.doi.org/10.3402/iee.v5.28024

(page number not for citation purpose)


http://www.infectionecologyandepidemiology.net/index.php/iee/article/view/28024
http://dx.doi.org/10.3402/iee.v5.28024

