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Abstract
Rift Valley fever (RVF) is an acute arthropod-borne viral zoonotic disease primarily occur-

ring in Africa. Since RVF-like disease was reported in Tanzania in 1930, outbreaks of the

disease have been reported mainly from the eastern ecosystem of the Great Rift Valley.

This cross-sectional study was carried out to describe the variation in RVF virus (RVFV)

seropositivity in domestic ruminants between selected villages in the eastern and western

Rift Valley ecosystems in Tanzania, and identify potential risk factors. Three study villages

were purposively selected from each of the two Rift Valley ecosystems. Serum samples

from randomly selected domestic ruminants (n = 1,435) were tested for the presence of spe-

cific immunoglobulin G (IgG) and M (IgM), using RVF enzyme-linked immunosorbent assay

methods. Mixed effects logistic regression modelling was used to investigate the associa-

tion between potential risk factors and RVFV seropositivity. The overall RVFV seropreva-

lence (n = 1,435) in domestic ruminants was 25.8% and speciesspecific seroprevalence

was 29.7%, 27.7% and 22.0% in sheep (n = 148), cattle (n = 756) and goats (n = 531),

respectively. The odds of seropositivity were significantly higher in animals sampled from

the villages in the eastern than those in the western Rift Valley ecosystem (OR = 1.88, CI:

1.41, 2.51; p<0.001), in animals sampled from villages with soils of good than those with

soils of poor water holding capacity (OR = 1.97; 95% CI: 1.58, 3.02; p< 0.001), and in ani-

mals which had been introduced than in animals born within the herd (OR = 5.08, CI: 2.74,

9.44; p< 0.001). Compared with animals aged 1–2 years, those aged 3 and 4–5 years had

3.40 (CI: 2.49, 4.64; p< 0.001) and 3.31 (CI: 2.27, 4.82, p< 0.001) times the odds of seropos-

itivity. The findings confirm exposure to RVFV in all the study villages, but with a higher

prevalence in the study villages from the eastern Rift Valley ecosystem.
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Introduction
Rift Valley fever (RVF) is an acute vector borne zoonotic viral disease that is caused by RVF
virus (RVFV) belonging to the genus Phlebovirus of family Bunyaviridae [1, 2]. It presents a
potential threat to the human and animal population mainly in Africa [1–4]. The disease is
named after the Great Rift Valley system of East Africa, where RVFV was first isolated in 1931
during an outbreak of abortions and deaths in exotic wool sheep in Kenya after heavy rainfall
[5]. The Great Rift Valley system is a long depression in the earth that runs down the eastern
side of Africa. It extends from Syria in the Middle East, right down to Mozambique in south-
eastern Africa [6]. Tanzania has two branches of this system, forming the eastern and western
ecosystems (Fig 1).

RVF affects sheep, goats and cattle causing abortion in females and a high mortality rate in
newborn animals leading to considerable economic losses [7, 8]. Exposure of humans occurs
through direct contact with blood or aborted materials from infected animals, or through mos-
quito bites [9]. Clinical disease in humans presents as mild to moderate severe influenza-like
illness that may be complicated by ocular lesions, encephalitis or a fatal haemorrhagic state [9].
Although the mechanisms of virus maintenance during inter-epidemic periods (IEP) are
poorly understood, it is believed that RVFV is maintained during this time in aedine mosquito
eggs, and outbreaks occur following abnormally heavy rains that cause flooding, especially in
swampy areas. This results in an increase in the mosquito population that acts as primary and
secondary transmitter of the disease [10].

Fig 1. Map of Tanzania showing locations of study villages and districts.Overall, higher RVFV seropositivity was recorded in domestic ruminants from
the villages located in the eastern than those in the western Rift Valley ecosystem.

doi:10.1371/journal.pone.0131873.g001
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Eastern and southern African countries have reported several RVF outbreaks that resulted
in substantial losses amongst animals and humans [11–13]. During the last large outbreak in
2006/07 in Tanzania, Kenya and Somalia, more than 1,000 cases and 323 deaths were reported
in humans [11]. In 2011, South Africa was severely affected by the disease [14]. RVF outbreaks
have also been reported in Zambia in 1985 [15], Senegal in 1987 [16], Egypt in 2003 [17], Mad-
agascar in 2008 [18], Mauritania in 2010 [19], Sudan in 2010 [20, 21], and Namibia, 2010 [22].
In 2001–2002 RVF outbreaks were reported beyond Africa in Saudi Arabia and Yemen [23–
26]. In 2007, the disease was also reported in Mayotte [27]. The potential for further geographi-
cal spread to areas that have never reported outbreaks of the disease has been suggested [28–
30].

In Tanzania, RVF has been a notifiable disease under both the country Animal Disease Act
since 1980 [31] and the Integrated Disease Surveillance and Response (IDSR) Guidelines of the
Ministry of Health and Social Welfare since 2011 [32]. Since RVF-like disease was first reported
in domestic ruminants in Tanzania in 1930, the majority (71.43%, n = 14) of the regions in the
eastern ecosystem of the Great Rift Valley had reported RVF outbreaks in the past compared
with a smaller proportion (27.27%, n = 11) of regions in the western ecosystem [33–35]. Thus
far, epidemiological RVF research in Tanzania has been limited to outbreak investigations, and
limited data exist about RVFV activity during the inter-epidemic period (IEP) in locations with
and without history of outbreaks [36–38]. Because of the absence of effective surveillance sys-
tems and the fact that RVF outbreaks typically occur in remote locations, it is believed that the
disease is underreported in Tanzania. In addition, during the IEP, RVF tends to express itself
through low level clinical and/or subclinical incidence, which is unlikely to be detected or
reported by farmers and/or livestock officers or it may be misdiagnosed as other diseases with
similar clinical manifestations. The low incidence of the dramatic clinical manifestations of
RVFV infections has made it difficult to rely on reports based on the clinical case definition for
estimating the full extent of RVFV infection during the IEP.

Knowledge about the exposure status to RVFV, the levels of herd immunity and the factors
influencing local maintenance of infection and its spatial spread is important for developing
strategic interventions such as animal vaccination and public health education programmes.
Serological surveillance has been found to be an effective active monitoring tool for determin-
ing infection levels and the extent of herd immunity. Evidence of prior exposure to RVFV can
be obtained by enzyme linked immunosorbent assay (ELISA) for detecting anti-RVFV anti-
bodies [39–45]. Highly sensitive and specific capture and inhibition ELISAs have been devel-
oped and validated for the detection of specific immunoglobulin M (IgM) and G (IgG), against
RVFV in cattle, sheep, goats and humans [43, 44].

It is unclear why RVF outbreaks have been reported mainly in the eastern rather than the
western Rift Valley ecosystem in Tanzania. Probably past disease surveillance activities
focussed more on the eastern rather than the western Rift Valley ecosystem. It is likely that
there is no variation in the levels of RVFV seropositivity in domestic ruminants during the IEP
between the two Rift Valley ecosystems in the country. In this study, we examine the plausibil-
ity of this hypothesis by describing the spatial variability in RVFV seropositivity based on the
prevalence of RVFV-specific IgG and IgM antibodies in domestic ruminants sampled during
the IEP amongst a small sample of villages, in the eastern and western ecosystems of the Great
Rift Valley in Tanzania. We also analyzed the potential risk factors associated with RVFV sero-
positivity outcomes in the two Rift Valley ecosystems. This is an essential step towards improv-
ing the country disease risk maps for strategic cost-effective usage of limited disease control
resources.
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Materials and Methods

Ethics Statement
This study received ethical approval from the Medical Research Coordinating Committee of
the National Institute for Medical Research in Tanzania (ethics certificate number NIMR/HQ/
R.8a/Vol.IX/1296). At the time of study implementation within Tanzania there was no dedi-
cated Institutional Animal Care and Use Committee (IACUC) or animal ethics committee to
evaluate and approve the protocol specifically related to involvement of livestock in this
research. The study protocol was also reviewed by the National Veterinary Epidemiologist at
the Ministry of Livestock and Fisheries Development in Tanzania. The present study did not
involve endangered or protected species, and the animals used in this study were not sacrificed
for research purposes.

Prior to data collection, district veterinary officers and local community leaders in the study
areas were informed about the study and they granted permission to conduct this study in
their respective areas. The permission to carry out livestock sampling was obtained directly
from the owners. The purpose of this study was explained to livestock owners and they were
made aware that participation was voluntary and their identity would be kept confidential.
They had an opportunity to ask questions, and before participating, participants had provided
written informed consent for blood sampling of their livestock and related survey questions.
For participants who were unable to read, the text was read and explained to them, and a fin-
gerprint was obtained in front of a literate witness.

Blood collection from livestock was conducted solely for the purposes of this study and it
was performed aseptically by a veterinarian who was one of the investigators. Animals were
humanely treated during sample collection and clinical examination was conducted in accor-
dance with the World Organization for Animal Health (OIE) guidelines for use of animals in
research and education [46]. The study was restricted to blood sampling procedures and mea-
surements that did not cause stress, suffering or any harm in animals. To minimize stress and
sufferings, animals were physically restrained to prevent any movement that would result in
lacerating the blood vessel or any other harm. A single jugular vein puncture was performed to
collect 3ml of blood from each study animal. After blood sample collection, digital pressure
was applied to the puncture site using sterile gauze until complete haemostasis had been
achieved. A completed ARRIVE guidelines checklist is included in S1 ARRIVE Checklist.

Study Design
A cross-sectional study design was used based on random selection of animals from six villages
which were purposively identified representing the spectrum of occurrence risk amongst areas
in Tanzania suitable for RVF. Villages had to be considered to be at risk of RVF based on epide-
miological knowledge, but did not have to have reported RVF occurrence in the past.

Selection of districts and villages. The sampling process involved a two-stage purposive
selection of districts and villages in the eastern and western Rift Valley ecosystems based on the
model-predicted habitat suitability for RVF occurrence, reporting status of RVF outbreaks and
local knowledge about RVF risk in Tanzania. Within each selected village a two stage random
sampling process was used to select the herds and animals. The number of villages was not
based on statistical considerations, but on logistic and resource factors.

Based on model predictions of habitat suitability for RVFV activity and findings of the past
studies [33–35], stratification was performed first, for the regions in the country at low,
medium and high risk of disease occurrence and second, for the regions with and with no his-
tory of RVF outbreaks. In this study, high risk referred to areas with a probability of RVF
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occurrence that ranged from 0.49–0.87 representing locations in the north-eastern, central and
Lake Victoria zones of the country. Medium risk referred to areas with a probability of RVF
occurrence that ranged from 0.30–0.48 representing locations in the north-western and south-
ern-highland zones of the country. Low risk referred to areas with a probability of RVF occur-
rence that ranged from 0.07–0.29 representing locations in the western and southern zones of
the country. Three regions were then purposively selected from each of the Rift Valley ecosys-
tem with various levels of risk of disease occurrence. The regions that were selected in the east-
ern Rift Valley ecosystem were Arusha (high risk), Dodoma (high risk) and Mara (medium
risk). In the western Rift Valley ecosystemMbeya (medium risk), Kigoma (low risk) and
Kagera (low risk) were selected.

Within each of these six regions, all district veterinary officers were consulted in order to
identify a district within each region considered to be at highest risk of RVF occurrence. Crite-
ria used included presence of shallow depressions/locations that are subject to regular flooding,
ecological features suitable for mosquito breeding and survival/experience of mosquito swarms
during the rainy season, relatively high concentration of domestic ruminants, proximity to for-
est, rivers, lakes, wildlife and presence of areas with history of RVF occurrence. The district
within the region that was identified to have most of these epidemiological characteristics was
selected for the study, even if they had never reported RVF outbreaks. Three of the selected dis-
tricts are in the eastern Rift Valley ecosystem: Ngorongoro (Arusha region), Kongwa (Dodoma
region) and Serengeti (Mara region). The other three selected districts are in the western Rift
Valley ecosystem: Kibondo (Kigoma region), Karagwe (Kagera region) and Kyela (Mbeya
region) (Fig 1). Within the selected districts, all villages keeping domestic ruminants and not
having a history of vaccination against RVF were identified using local official veterinary rec-
ords. Based on the above criteria for identifying the six study districts, additional discussions
were then held with local veterinary/agricultural officers, community leaders and livestock
keepers to identify one village within each district that was considered to be at highest risk for
RVFV activity. The selected villages were Chamae in Kongwa, Malambo in Ngorongoro,
Ninchoka in Serengeti, Bukirilo in Kibondo, Nyakasimbi in Karagwe and Kajunjumele in
Kyela (Fig 1).

Description of the study districts. This cross-sectional study was conducted in six villages
from six districts in Tanzania (Fig 1) between April and August 2013, approximately six years
after the last RVF outbreak in the country in 2006–2007. Weather data, elevation, livestock
density and history of Rift Valley fever outbreaks in the study districts are presented in Table 1.
Kongwa district is at the centre of Tanzania’s network of major roads. Serengeti and Ngoron-
goro districts are part of the national network of major roads connecting Arusha and Mara
regions through the Ngorongoro Conservation Area (NCA) and Serengeti National Park
(SENAPA) and then proceeding towards the north to the Kenyan border. Kibondo, Karagwe
and Kyela districts are at the periphery of the national network of major roads.

Sources of data for weather, soil types and history of RVF outbreaks in the study dis-
tricts. Weather data (average total annual rainfall, average monthly rainfall, and rainfall pat-
tern, mean minimum and maximum temperatures) for the years 1977 to 2012 were obtained
from the Tanzania Meteorological Agency (TMA). Data for soil types were obtained from the
Mlingano Agricultural Research Institute in Tanga, Tanzania. Data for livestock density was
obtained from the Ministry of Livestock and Fisheries Development in Tanzania based on the
national sample census of agriculture conducted in 2007/2008. The history of RVF outbreaks
in the study areas for the years 1930 to 2007 was obtained from a previous study in Tanzania
[35].
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Sampling of Animals and Blood Collection
The sampling frame included a list of all herds from the list of livestock keepers in selected vil-
lages keeping at least one of the three domestic ruminant species (cattle, sheep and goats). For
logistic and resource factors, a target was set to randomly select 20 herds in each village. During
discussions with district veterinary officers, it was estimated that majority of herds would be
comprised of 5 to 20 domestic ruminants. Therefore, in order to avoid oversampling in larger
herds a maximum of 20 ruminant animals were bled (i.e. 10 cattle, 5 goats and 5 sheep depend-
ing on the herd size and species composition within the herd at the time of sampling). Blood
samples were collected aseptically by jugular vein puncture into labelled vacutainer tubes with
clot activator. They were kept in a cool box with ice packs before separating the serum from
coagulated whole blood into labelled 1.8 ml Cryovial tubes. They were then stored in -196°C
liquid nitrogen gas in the field before being transferred to the laboratory, where they were kept
in a freezer at -20°C until laboratory analysis.

In addition to the serum samples, epidemiological data were obtained from the household
head or the herder and through clinical examination using a semi-structured questionnaire
(S1 Text). The epidemiological data collected included the herd species composition, animal
species, breed, sex and age, history of abortions in the past 12 months, animal feeding prac-
tices/options, whether an animal was born within the herd or introduced (moved) into the
herd from another district and whether an animal was sampled from a district with a history of
RVF outbreaks. A clinical examination for signs and symptoms suggestive of RVF was con-
ducted for each sampled animal on the day of the herd visit.

Age determination. Animals in the herd were not ear-tagged, but the herdsmen/owners/
family members were able to identify each animal by name and number of parities. Records on
the age of the animals were rarely available in the surveyed herds. In all herds without proper
records, individual animal age was estimated based on the history obtained from the herds-
men/owners/family members in relation to the season and year of birth and number of
births for female animals. Other methods which were used to estimate the age of the animal
were the dentition [47] and horn-ring techniques (http://en.wikipedia.org/wiki/cattle_age_
determination). Furthermore, information was gathered as to whether the animal had been
present in the herd during the last RVF outbreak that had occurred following the El Niño–
related flooding event in the country in 2006–2007. In addition, information was gathered on
the year the animal was introduced (for animals not born within the herd) into the herd from
sources outside the sampled district and estimated age/physiological status of sexual maturity
and number of parities (for females) during the period of introduction.

Laboratory examination of serum samples for IgG and IgM specific to RVFV. The
serum samples were tested for the presence of anti-RVF antibodies using two commercial
enzyme-linked immunosorbent assay (ELISA) kits according to the manufacturer’s (Biological
Diagnostic Supplies Limited, UK) instructions. These included IgM-capture ELISA [43] and
inhibition ELISA [44]. Initially, all samples were tested using the RVF inhibition ELISA. Serum
samples that were positive on the inhibition ELISA were subjected to IgM-capture ELISA.
When using inhibition ELISA, the specific activity of each serum (net optical density {OD})
was calculated by subtracting the non-specific background OD in the wells with mock antigen
from the OD in wells with virus antigen. The net OD readings were converted to a percentage
inhibition (PI) value using the equation: [100 − (mean net OD of test sample/mean net OD of
negative control) ×100]. Internal quality control was performed in accordance with the diag-
nostic test kit manufacturer’s recommendations. The results were interpreted using the cut-off
threshold specified by the manufacturer of the test kit. Serum samples with PI equal to or
greater than 41.9, 41.4 and 38.4 were considered seropositive for RVF inhibition in cattle, goats
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and sheep, respectively. The sensitivity of this ELISA method in cattle, goats and sheep is
reported to be 100%, 99.6% and 100%, respectively, and its specificity in cattle, goats and sheep
is 99.5%, 99.7% and 99.3%, respectively [44]. When using IgM ELISA, the specific activity of
each serum (net optical density {OD}) was calculated by subtracting the non-specific back-
ground OD in the wells with mock antigen from the OD in wells with virus antigen. Conver-
sion of net OD readings into percentage positivity (PP) was carried out using the equation:
(mean net OD of test sample/mean net OD of high-positive control) × 100. Internal quality
control was performed according to the kit manufacturer’s recommendations. Sheep, goat, and
bovine sera producing PP values�7.9,� 9.5 and� 14.3, respectively, were considered to be
positive. Due to the transitory presence of IgM in the sera of RVF infected animals, the sensitiv-
ity of this ELISA method is influenced by the time post infection at which specimens are col-
lected for testing. Its sensitivity is reported to be 100% in experimental sheep tested 5–42 days
post infection. The specificity of this method in sheep, goats and cattle is 98.7%, 99.7% and
100%, respectively [43].

Data Analysis
The epidemiological and laboratory results were entered into a Microsoft Excel spreadsheet
and then imported into STATA version 12 (Statacorp, College Station, TX, USA) for coding,
cleaning and statistical analysis. All electronic data related to this study were stored on a pass-
word protected computer with access limited only to authorized personnel. The unit of analysis
was individual animal. The analysis focused on domestic ruminants ranging from 1 to 5 years
of age (born after the last RVF outbreak in 2006–2007) and having been present in the herd for
at least one year. A descriptive analysis was carried out. This was followed by univariable analy-
sis to assess initial association between potential risk factors and the outcome variable defined
by RVFV seropositivity. Chi-squared test was used to compare the seroprevalence between
the villages in the eastern and western Rift Valley ecosystems or the three regional disease risk
groups. Furthermore, chi-squared test was used to assess the association between the seroprev-
alence and the potential risk factor variables: animal species, sex, age, source, breed, history of
abortion, feeding practices, animal has diarrhoea/nasal discharge, average total annual rainfall
(mm), average monthly rainfall (mm), rainfall pattern and water holding capacity of soils in
the study areas, and whether animal were sampled from district with history of RVF outbreaks.

Mixed effects logistic regression modelling was used to investigate the association between
various potential risk factors and the outcome variable defined by RVFV seropositivity. The
models included herd as a random effect variable to account for dependence of data from the
same herd. The village was used as a stratification variable and therefore forced into the model
as a fixed effect variable. To take account of possible nonlinear effects of continuous-scale risk
factors on the logit form of the outcome variable, these variables were categorised into three
contiguous groups, each representing a third of the observations. The analysis was conducted
in two steps. First, all potential risk factors were screened for statistical significance at a p-value
of� 0.20 in a mixed effects univariable logistic regression analysis. In the second step, the sta-
tistically significant variables were included in a mixed effects multivariable logistic regression
analysis based on a forward variable selection approach, utilising the likelihood ratio statistic
and a p-value � 0.05. Variables not statistically significant in the univariable analysis, but with
a known association with RVFV activity or suspected to be a potential confounder were also
included in the multivariable analysis. A factor was considered to have a potential confounding
effect if its inclusion in the model resulted in a change of�25% in the coefficient estimates of
other risk factors included in the model compared to its absence. The variables included in the
modelling process were limited to those that did not show significant collinearity using a

RVF Virus Seropositivity in Domestic Ruminants in Tanzania

PLOS ONE | DOI:10.1371/journal.pone.0131873 July 10, 2015 8 / 22



diagnostic cut-off value for tolerance> 0.1 and variance inflation factor< 10 [48]. Interaction
terms were then introduced into the model to examine the potential presence of effect modifi-
cation. The discriminatory ability of the final model was assessed using receiver operating char-
acteristic curves (ROC), and quantified by calculating the area under the curve (AUC) [49].

Results

Characteristics of the Study Population
A total of 1,435 domestic ruminants from 121 herds in six villages in Tanzania were tested for
antibodies against RVFV. About an equal proportion of tested serum samples was collected in
livestock from the villages in the eastern (51.9%) and western (48.2%) ecosystems of the Rift
Valley, and from locations considered to be in a low risk (32.5%), medium risk (33.6%) and
high risk (33.9%) regions. The number of tested serum samples ranged from 225 in Kajunju-
mele village in Kyela district to 257 in Chamae village in Kongwa district (Table 2). The grazing
only option was practiced in five villages while stall-feeding combined with grazing was only
reported in Kajunjumele village in Kyela district. Livestock kept in the sampled herds were of
indigenous breed and crossbreed (Table 2). The indigenous breeds of cattle were as follows
(name of district in parentheses): mainly Ankole in Bukirilo (Kibondo) and Nyakasimbi (Kar-
agwe) villages; Tanzanian short horn zebu, borani and Mpwapwa breeds in Chamae village
(Kongwa); Tanzanian short horn zebu in Ninchoka (Serengeti), Malambo (Ngorongoro) and
Kajunjumele (Kyela) villages. The indigenous breeds of goats and sheep kept in the sampled
villages were mainly the Small East African goat and a mix of Red Maasai and Black head Per-
sian (BHP) sheep.

The majority (95.7%) of tested serum samples were from animals of indigenous breeds
(Table 2). The majority of crossbreed animals were sampled in Malambo (Ngorongoro district)
and Chamae (Kongwa district) villages in the eastern Rift Valley ecosystem (Table 2). The
majority (96.4%) of tested serum samples were from animals born within the sampled herds.
More than half of crossbreed animals sampled (52.5%, n = 61) had been introduced into the
herd compared with only 1.5% (n = 1374) of the indigenous breeds that had been introduced
into the herd (p = 0.001).

The largest number of the introduced animals was sampled fromMalambo village in Ngor-
ongoro district (Table 2). All animals sampled in Kajunjumele village in Kyela district were of
indigenous breeds (Table 2) and all were born within herds sampled. Amongst the introduced
animals, cattle and goats represented 36.5% each and sheep were 27%. The number of specific
domestic animals by ruminant species introduced to Malambo village in Ngorongoro district
was: sheep (14), goats (11) and cattle (8); in Bukirilo village in Kibondo district was: goats (7)
and cattle (1), in Nyakasimbi village in Karagwe district was: cattle (6) and goats (1), in Chamae
village in Kongwa district and in Ninchoka village in Serengeti district was: cattle (2 each). The
sources for introduced animals were livestock auction markets (70.7%), bride dowry (25.3%)
and purchase from a neighbouring country (4.0%). The majority (82.0%, n = 1435) of the sam-
pled animals were aged 1–3 years old and few were aged 4–5 years old (18.0%). At the time of
the study, a larger proportion of sampled animals born within herd (42.5%, n = 1383) was 1–2
years old, and 39.5% and 18.8% of them were 3 and 4–5 years old, respectively. Conversely, a
larger proportion of introduced animals sampled (61.5%, n = 52) was 3 years old, and 21.2%
and 17.3% of them were 1–2 and 4–5 years old, respectively. Overall, the median age of the
sampled animals was 3 years of age (range = 1–5 years) and it varied significantly between the
study villages (p = 0.0001). The median age of the sampled animals in Bukirilo (Kibondo dis-
trict) and Ninchoka (Serengeti district) villages was 2 (range = 1–5) while it was 3 (range = 1–5)
in the other villages. Cattle accounted for 76.0%, 62.1% and 33.4% of 258 animals aged 4–5
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years, 578 animals aged 3 years and 599 animals aged 1–2 years, respectively (p = 0.001). How-
ever, there were no reliable records to estimate the age of animals at the time of introduction
into the herd.

Of the tested serum samples, 1,136 (79.2%) were from females (Table 2), of which 1.1% had
a history of abortion in the past 12 months. No livestock owners and/or herders could recall
having ever seen in the herds in the past 12 months signs suggestive of RVF such as massive
death of new born/neonatal animals. At the time of the study, all sampled animals had no signs
and/or symptoms suggestive of RVF. However, a small proportion of animals presented with
diarrhoea (4.4%), nasal discharge (1.2%) and contemporaneous diarrhoea and nasal discharge
(0.4%). About half (52.7%) of 1435 serum samples tested were collected from cattle (Table 2).
IgG specific to RVFV were detected in all species sampled. IgM specific to RVFV was not
detected in any sample. The analyses in this study were therefore based on the IgG sero-status
outcomes.

The overall seroprevalence of IgG specific to RVFV was 25.8% (n = 1435) and the specific
species seroprevalence was 29.7% (n = 148) in sheep, 27.8% (n = 756) in cattle and 21.9%
(n = 531) in goats (p = 0.029) (the range of Inhibition and IgM detection ELISA values for
domestic ruminant serum samples tested for antibodies specific to RVFV is presented in S1
Table). A significantly higher proportion of IgG seropositivity was recorded in animals sam-
pled from the three villages in the eastern (31.5%, n = 744) than the three villages in the western
(19.7%, n = 691) ecosystem of the Rift Valley (p<0.001).

Risk Factor Analysis

Univariable Mixed Effects Logistic Regression Analysis
The results of univariable mixed effects logistic regression analysis are presented in Table 3.
RVFV seropositivity varied significantly between the study villages from the two Rift Valley
ecosystems. Animals sampled from the three villages in the eastern Rift Valley ecosystem had
relatively higher odds of seropositivity compared with their three counterparts in the western
Rift Valley ecosystem (OR = 1.88, CI: 1.41, 2.51 p<0.001). The univariable mixed effects data
analysis showed that the crossbreed animals had significantly higher odds of IgG seropositivity
than indigenous animals. The animals aged 4–5 years had higher odds of RVFV seropositivity
than animals aged 1–3 years. Animals that had history of abortion had four times the odds of
seropositivity as the animals which had no reports of abortion. This analysis suggested further
the animals that had been introduced had five times the odds of seropositivity as the animals
born within herd. Animals sampled from villages within the districts where RVF outbreak had
been reported had higher odds of seropositivity compared with animals sampled from villages
in districts with no reports of RVF outbreaks. Animals from the villages in districts which
received total annual rainfall� 712 mm had lower odds for seropositivity, than animals from
villages in districts which received more rainfall. Animals sampled from the villages in districts
with soil types of good water holding capacity had higher odds of seropositivity than their
counterpart from villages within the districts with soils of poor water holding capacity. With
respect to livestock density, cattle sampled from villages within the districts with>30 heads of
cattle per square kilometre had higher odds of seropositivity than cattle sampled from areas
with�30 heads of cattle per square kilometre; goats sampled from the villages within the dis-
tricts with>25 heads of goats per square kilometre had higher odds of seropositivity than
goats sampled from areas with� 25 heads of goats per square kilometre and sheep sampled
from villages within the districts with>8 heads of goats per square kilometre had higher odds
of seropositivity than sheep sampled from areas with� 8 heads of goats per square kilometre.
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Table 3. Univariable mixed effects logistic regression analysis of risk factors associated with Rift Valley fever seropositivity in domestic rumi-
nants (herd was included as random effect variable).

Variable No.
tested

No. seropositive
(%)

OR 95% CI z
value

p
value

* Pearson Chi
square

*DF *p
value

Rift Valley ecosystem

Study villages in the western Rift Valley
ecosystem

691 136 1.0 Ref. Ref. Ref. Ref.

Study villages in the eastern Rift Valley
ecosystem

744 234 1.88 1.41,
2.51

4.29 < 0.001 18.42 1 <0.0001

Village

Bukirilo 233 36 (15.5) 1.00 Ref. Ref. Ref.

Chamae 244 92 (37.7) 3.32 2.13,
5.17

5.29 < 0.001

Malambo 243 92 (37.9) 3.33 2.15,
5.19

5.31 < 0.001

Kajunjumele 225 58 (25.8) 1.9 1.19,
3.04

2.69 0.007

Ninchoka 257 50 (19.5) 1.32 0.83,
2.13

1.15 0.249

Nyakasimbi 233 42 (18.0) 1.2 0.74,
1.96

0.73 0.463 58.83 5 < 0.001

Rainfall pattern in the study areas

Unimodal 702 186 (26.5) 1.00 Ref. Ref. Ref.

Bimodal 733 184 (25.1) 0.91 0.67–
1.24

-0.60 0.551 0.36 1 0.551

Average total annual rainfall (mm) in the
study areas

�712 487 184 (37.7) 1.00 Ref. Ref. Ref.

>712–966 490 92 (18.8) 0.38 0.28,
0.51

-6.26 <0.001

>966 458 94 (20.5) 0.43 0.31,
0.58

-5.53 <0.001 49.97 2 <0.001

Average monthly rainfall (mm) in the
study areas

�47 487 184 (37.8) 1.00 Ref. Ref. Ref.

>47–74 490 87 (17.6) 0.35 0.26,
0.47

-6.76 < 0.001

>74 458 100 (21.8) 0.46 0.34,
0.62

-5.15 < 0.001 52.87 2 < 0.001

Water holding capacity of soils in the
study areas

Poor 466 78 (16.7) 1.00 Ref. Ref. Ref.

Good 969 292 (30.1) 2.18 1.58,
3.02

4.73 < 0.001 22.36 1 < 0.001

Species

Caprine 531 116 (21.9) 1.00 Ref. Ref. Ref.

Ovine 148 44 (29.7) 1.51 0.96,
2.38

1.78 0.075

Bovine 756 210 (27.8) 1.39 1.01,
1.91

2.02 0.044 5.32 2 0.071

Sex

Male 299 64 (21.4) 1.00 Ref. Ref. Ref.

Female 1136 306 (26.9) 1.44 1.04,
1.99

2.22 0.026 4.93 1 0.026

(Continued)
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Table 3. (Continued)

Variable No.
tested

No. seropositive
(%)

OR 95% CI z
value

p
value

* Pearson Chi
square

*DF *p
value

Breed

Indigenous 1374 342 (24.9) 1.00 Ref. Ref. Ref.

Cross breed 61 28 (45.9) 2.67 1.51,
4.70

3.39 0.001 11.49 1 0.0007

Age (years)

1–2 599 85 (14.2) 1.00 Ref. Ref. Ref.

3 578 198 (34.3) 3.4 2.49,
4.64

7.73 < 0.001

4–5 258 87 (33.7) 3.31 2.27,
4.82

6.25 < 0.001 65.91 2 < 0.001

Animals with history of abortion

No 870 226 (26.0) 1.00 Ref. Ref. Ref.

Yes 12 7 (58.3) 4.13 1.19,
14.41

2.23 0.026 4.96 1 0.026

Animal source

Born within herd 1383 339 (24.5) 1.00 Ref. Ref. Ref.

Introduced into the herd 52 31 (59.6) 5.08 2.74,
9.44

5.15 < 0.001 26.51 1 < 0.001

Animal sampled from district with
history of RVF outbreaks

No 691 136 (19.7) 1.00 Ref. Ref. Ref.

Yes 744 234 (31.5) 1.88 1.41,
2.51

4.29 < 0.001 18.42 1 < 0.001

Animal with diarrhoea

No 1372 353 (25.7) 1.00 Ref. Ref. Ref.

Yes 63 17 (27.0) 0.94 0.45–
1.96

-0.15 0.878 0.02 1 0.878

Animal with nasal discharge

No 1418 366 (25.8) 1.00 Ref. Ref. Ref.

Yes 17 4 (23.5) 1.12 0.35–
3.66

0.19 0.846 0.04 1 0.846

Cattle density (heads per square km)

�19 691 126 (19.7) 1.00 Ref. Ref. Ref.

>19–30 500 142 (28.4) 1.61 1.18–
2.21

2.96 0.003

>30 244 92 (37.7) 2.52 1.72–
3.68

4.77 < 0.001 24.31 2 < 0.001

Goats density (heads per square km)

�14 715 144 (20.1) 1.00 Ref. Ref. Ref.

>14–25 477 134 (28.1) 1.54 1.13–
2.11

2.72 0.007

>25 243 92 (38.9) 2.36 1.63–
3.42

4.53 < 0.001 21.83 2 < 0.001

Sheep density (heads per square km)

�2 691 136 (19.7) 1.00 Ref. Ref. Ref.

>2–8 501 142 (28.3) 1.64 1.20–
2.23

3.10 0.002

>8 243 92 (37.9) 2.44 1.68–
3.55

4.69 < 0.001 24.05 2 < 0.001

Feeding practices

(Continued)
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Multivariable Mixed Effects Logistic Regression Analysis
The final multivariable mixed-effects logistic regression model to examine the effect of poten-
tial risk factors on RVFV seropositivity in domestic ruminants included soil water holding
capacity properties in the sampled area, age of livestock and animal source into the herd
(Table 4). Animals sampled from the villages within the districts with soils of good water hold-
ing capacity had higher odds of RVFV seropositivity than animals sampled in the areas with
soils of poor water holding capacity (OR = 1.97; 95% CI: 1.58, 3.02; p< 0.001). The odds of
seropositivity increased with increasing age, in that compared with animals aged 1–2 years old,
those aged 3 and 4–5 years old had 3.40 (CI: 2.49, 4.64; p< 0.001) and 3.31 (CI: 2.27, 4.82, p<
0.001) times the odds of seropositivity, respectively. The domestic ruminants which had been
introduced into the herd had significantly higher odds of seropositivity than animals born
within the herd (OR = 5.08, CI: 2.74, 9.44; p< 0.001). There was no evidence of collinearity or
effect modification between these risk factors and no confounding effect was detected. The
intra-cluster correlation coefficient expressing the within-herd clustering of variation was 0.06.
The assessment of the predictive accuracy of the final multivariable model based on the area

Table 3. (Continued)

Variable No.
tested

No. seropositive
(%)

OR 95% CI z
value

p
value

* Pearson Chi
square

*DF *p
value

grazing only 1210 312 (25.8) 1.00 Ref. Ref. Ref.

stall-feeding combined with grazing 225 58 (25.8) 1.04 0.68–
1.57

0.17 0.865 0.03 1 0.865

OR, odds ratio; CI, confidence interval; Ref, reference group; SE, Standard error; DE, Degrees of freedom

* The effect of potential risk factors in the univariable mixed-effects logistic regression model

doi:10.1371/journal.pone.0131873.t003

Table 4. Risk factors for RVFV seropositivity in Tanzania included in final multivariable mixed effects
logistic regression model (herd was included as random effect variable).

Variable OR 95% CI z
value

p
value

* Pearson Chi
square

*DF *p
value

Water holding capacity of
soils in the study areas

Poor 1.00 Ref. Ref. Ref.

Good 1.97 1.58,
3.02

4.73 < 0.001 22.36 1 < 0.001

Age (years)

1–2 1.00 Ref. Ref. Ref.

3 3.40 2.49,
4.64

7.73 < 0.001

4–5 3.31 2.27,
4.82

6.25 < 0.001 65.91 2 < 0.001

Animal source

Born within herd 1.00 Ref. Ref. Ref.

Introduced into the herd 5.08 2.74,
9.44

5.15 < 0.001 26.51 1 < 0.001

OR, odds ratio; CI, confidence interval; Ref, reference group; SE, Standard error; DE, Degree of freedom

* The effect of potential risk factors in the multivariable mixed-effects logistic regression model.

doi:10.1371/journal.pone.0131873.t004
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under the curve (AUC) derived from the receiver operating characteristic curve analysis
(AUC = 0.68) suggested that the model provided a moderate degree of discrimination.

Discussion
Tanzania has not reported any RVF outbreak since the last epidemic in 2006–2007. The study
reported here provides valuable serological information on RVFV activity in domestic rumi-
nants during the IEP in Tanzania. The detected levels of IgG seroprevalence for RVFV varied
between study villages in the two Rift Valley ecosystems. The findings of this study suggest that
RVFV seropositivity in the study areas is associated with multiple factors including water hold-
ing capacity of the soils, age of the animal and animal source. These results need to be inter-
preted taking into account that the six study villages cannot be considered to be representative
of the variation in RVFV risk in Tanzania, in the two Rift Valley ecosystems or in the districts.

Based on the difference in prevalence, it appears that the risk of RVFV seropositivity is
higher in animals sampled fromMalambo (Ngorongoro district), Ninchoka (Serengeti district)
and Chamae (Kongwa district) villages within the eastern Rift Valley ecosystem than animals
sampled from Bukirilo (Kibondo district), Nyakasimbi (Karagwe district) and Kajunjumele
(Kyela district) villages within the western Rift Valley ecosystem. While the salient reasons for
this spatial variation are poorly understood, it is likely to be due to multiple factors, including
environmental, livestock density and cultural differences. While the six villages are not repre-
sentative of the two Rift Valley ecosystems, there are still several ecological characteristics
which are typical for these systems and therefore also apply to the study villages. The eastern
Rift Valley ecosystem experiences a bimodal pattern of rainfall and the dominant soil types in
this region have characteristic features of good water holding capacity compared with western
Rift Valley ecosystem which experiences the unimodal rainfall pattern and the dominant soil
types in this region are of poor water holding capacity [50]. Within the eastern Rift Valley eco-
system pastoralism is characterised by higher livestock density than the western ecosystem.
The bimodal rainfall pattern and presence of soils with properties of good water holding capac-
ity in the eastern Rift Valley ecosystem are likely to provide suitable habitat for mosquito
breeding and survival, and long term availability of pastures and water for livestock keeping in
this region compared with the western Rift Valley ecosystem. The risk of transmission of
RVFV can be high and widespread in areas which experiences excessive rainfall and flooding
[1, 2] which are characteristics of the eastern Rift Valley ecosystem.

The soil types predominant in the districts with the study villages where higher RVFV sero-
prevalence was recorded were phaezoms (Ngorongoro district), alisols (Serengeti district), flu-
visols (Kyela district) and luvisols (Kongwa district). These soil types have high activity of clays
and loam texture, making them less vulnerable to erosion and are therefore classified as soils
with good water holding capacity properties [50]. Their slowly permeable subsoil characteristic
subject these soil types to periodic water stagnation and are therefore likely to support mos-
quito breeding activity and pasture for livestock keeping over longer periods. It should be
noted that three of these four districts (Ngorongoro, Serengeti, and Kongwa), are located
within the eastern Rift Valley ecosystem and had reported RVF outbreaks in the past. On the
other hand, ferralsols are the predominant soils in Kibondo and Karagwe districts in the west-
ern Rift Valley ecosystem where lower RVFV seroprevalence was recorded in the study villages.
Ferralsols are classified as soils with poor water storage characteristics; their subsoil is overlaid
by loamy sand or coarser textures, making them vulnerable to erosion during periods of heavy
rainfall [50]. As a result, these soils are likely to provide less support to mosquito breeding
activity and pasture for livestock keeping.
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Of the six studied villages, the seroprevalence was highest (above 37%) in Chame (Kongwa
district) and Malambo (Ngorongoro district), both in the eastern Rift Valley ecosystem.
Whereas Nyakasimbi (Karagwe district) and Bukirilo (Kibondo district) villages are situated in
hilly terrain, Ninchoka (Serengeti district), Malambo (Ngorongoro district), Chamae (Kongwa
district) and Kajunjumele (Kyela district) villages are in mainly flat terrain susceptible to flood-
ing during extended periods of heavy rainfall. Although both Kajunjumele (Kyela district) and
Bukirilo (Kibondo district) villages experience the long unimodal rainfall pattern staring from
October to May, the observed variation in the seropositivity could be partly explained by differ-
ences in the terrain and water holding characteristics of the soils between the study areas. The
areas with flat terrain are more likely to remain wet and support mosquito breeding and sur-
vival, and pasture/water for livestock over longer periods in contrast to those with hilly terrain.
It is worth noting that livestock density in Bukirilo (Kibondo district) and Nyakasimbi (Kar-
agwe district) villages, which had never reported RVF outbreak, is lower than the livestock den-
sity in the villages with reports of RVF outbreaks (Table 1).

Although both Serengeti and Ngorongoro districts border the SENAPA and NCA ecosys-
tem, respectively, the interesting characteristic is that livestock keeping and trade, and human
habitation are allowed within NCA but not within SENAPA. This uniqueness together with
uncontrolled trans-boundary animal movements could partly explain the observed differences
in the seropositivity between these two different ecosystems, thus supporting the hypothesis
that human-wildlife-livestock interaction increases the risk for RVFV transmission potential.
Wild animals have been reported to be infected with RVFV [51]. Further studies are needed to
assess the impact of this complex and local epidemiological situation of human-wildlife-live-
stock interaction on the risk of RVFV transmission in this area. In contrast, Kyela, Karagwe
and Kibondo districts, which are at the country’s border, have never reported RVF outbreaks.
In other locations in Tanzania RVFV seropositivity without clinical disease has also been
reported in domestic ruminants in Kilombero [36] and Kibondo [52] districts. Moreover, evi-
dence of RVFV seropositivity without clinical disease during the IEP has been reported in
humans in Kyela district [38] and in Tanga region [37] in Tanzania. Comparable serological
prevalence of RVFV antibodies without clinical disease in domestic ruminants born during the
IEP has also been reported in Kenya [53] and Mozambique [54], and in humans in Gabon [55].

In this study, a larger proportion of introduced domestic ruminants was recorded in
Malambo village in Ngorongoro district compared with the other villages. Furthermore, in
Malambo village the introduced animals had significantly higher odds of RVFV seropositivity
than in the other districts. However, we were unable to determine whether introduced animals
had become infected prior or post introduction to the herd. Local persistence of RVFV infec-
tion over time in Ngorongoro district has been suggested in a previous study [35]. But this
study did not differentiate between locally sourced and introduced animals. Introduction of
RVFV to new areas has been linked to livestock movements in Egypt [56] and Arabian Penin-
sula [57].

It is unclear why the RVFV seroprevalence reported in this study was not associated with
detectable clinical cases in animals. As an example, the Kajunjumele village in Kyela district
lies at an altitude of 452m in the flood plains of Lake Nyasa. It receives a total annual rainfall of
up to 3000mm and is subjected to regular flooding during the rainy season. Rice cultivation is
the main agricultural activity in this area and this will provide abundant mosquito breeding
places. This is an area where combined grazing and stall feeding are practiced. The practice of
cattle owners in this area to secure their animals at the doorsteps of their houses at night for
fear of theft is likely to provide a pathway for RVFV transmission to humans [38]. The live-
stock RVFV seroprevalence of 25.8% reported in this village is comparable to the human sero-
prevalence of 29.3% reported previously in the same village [38]. However, it is surprising that

RVF Virus Seropositivity in Domestic Ruminants in Tanzania

PLOS ONE | DOI:10.1371/journal.pone.0131873 July 10, 2015 16 / 22



this area had never reported clinical RVF disease in livestock or humans. RVF might be pre-
senting as sporadic cases that are misdiagnosed as other disease conditions, especially in situa-
tions where there is no active surveillance and poor diagnostic capacity. Alternatively,
demonstration of RVFV seropositivity without clinical disease in all tested animal species sug-
gests that these animal species might be tolerant to clinical disease, had mild infection or that
less virulent strains may be circulating in the study areas, which requires further investigation.

Detection of RVFV seroprevalence across all age groups of animals tested supports the
notion of endemicity and provides evidence of past undetected but potentially significant local
transmission of RVFV. Seropositivity increases with increasing age. A recent serosurvey in
Mozambique reported similar levels of RVFV seropositivity without signs of clinical disease in
older compared with younger age groups of domestic ruminants [54]. Due to their longer pro-
ductive life compared with sheep and goats, cattle represented the largest proportion of older
domestic ruminants sampled in our study. In our study we sampled animals that were born
after the last disease outbreak (aged between one and five years old), and therefore the sero-
prevalence reported here is likely to be a reflection of cumulative exposure to RVFV over time,
and long persistence of IgG specific to RVFV in the animals over years. Increased herd immu-
nity resulting from regular exposure to RVFV and long term persistence of antibodies specific
to RVFV has been reported previously in domestic ruminants in Kenya [53] and Senegal [58].

In the current study, immunoglobulin M (IgM) antibodies specific to RVFV were not
detected in any of the samples. This suggests that there was no detectable level of active infec-
tion at the time of sampling during the dry season, at least in the six villages examined here.
This explanation is supported by the fact that IgM has been reported to persist for only 6 to 8
weeks after initial infection [41]. Although less well studied, it has been suggested that IgM dis-
appears in 50% of infected animals after 45 days and is absent in 100% of infected animals by
120 days post infection [59]. However, RVFV IgG antibodies are believed to persist in animals
for life following infection, and therefore its detection provides a reliable index of previous
exposure to RVFV [53, 58].

It is notable that RVFV seropositivity was found in all six villages, two (Malambo in Ngor-
ongoro district and Ninchoka in Serengeti district) of which are situated in districts close to the
border with Kenya and one each in the districts close to the border with Rwanda (Nyakasimbi
in Karagwe district), Burundi (Bukirilo in Kibondo district) and Malawi (Kajunjumele in Kyela
district). One village (Chamae) is situated in Kongwa district, which is in central Tanzania
along the network of major roads. Kibondo, Karagwe and Kyela districts are at the periphery of
the national network of major roads. Ngorongoro and Serengeti districts are well integrated
into the national network of major roads, facilitating transport of livestock from the Mara to
the Arusha region through NCA and SENAPA. Kongwa district is at the centre of Tanzania’s
network of major roads facilitating long distance transport of domestic ruminants. Overall, in
our study the risk of RVFV seropositivity was higher for the villages from the districts that are
more central to the national network of major roads than those from the districts which are at
the periphery of the national network of major roads. While we recognise that our very small
sample of six villages requires caution in relation to the generalised inferences, we believe that
our findings suggest the possibility that the relative position of an area to the network of major
roads influences the risk of RVF occurrence. Although the role of animal transport movements
in the spread of RVF is poorly understood, it is can be hypothesized that these movements
which will be more frequent along major roads offer the potential risk for geographical dis-
persal of RVFV and/or its vectors. While this still is only a hypothesis, it would be sensible to
study the spatial as well as temporal trade patterns of livestock within the country and across
the borders. This data will not only be of relevance for RVFV but also for other infectious
pathogens.
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When interpreting the findings from this study, several limitations need to be taken into
consideration. First, due to limited available resources, only six study villages were selected
based on a purposive selection process, involving a combination of data generated by a predic-
tive model and knowledge of local veterinarians and farmers in relation to RVF risk. No villages
were selected which were considered to not be at risk. This means it will not be possible to
draw generalizable inferences from the results obtained in the six study villages to other parts
of Tanzania. But the data are suitable for generating hypotheses which should then be investi-
gated further. Second, although fewer animals were reported to have been sourced from outside
a particular village, it was, however, not possible to establish the exact source of these animals
especially for those purchased at auction markets, and whether they were introduced as
infected or susceptible animals. Third, it was challenging to establish whether animals that
were purchased at auction markets outside a village’s district might actually have originated
from the district the sampled animal was from. Fourth, due to the persistence of IgG in the ani-
mal host over several years, it was not possible to estimate the likely period of exposure. It
needs to be noted that the last disease outbreak in the study area had occurred in 2006–2007,
and it was a requirement for selection that the animals had been born after that outbreak. Fifth,
for logistic reasons the virus neutralization test was not performed which could have improved
the diagnostic information in this study. Sixth, the findings of this study should be interpreted
cautiously since the validity of some of the interview-based data might have been affected by
recall bias amongst the animal owners and/or herders.

Conclusion and Recommendations
Despite the absence of reports of severe RVF outbreaks in the western Rift Valley ecosystem,
there is evidence to suggest that RVFV has been circulating in this region over the past years.
This study has identified RVFV seropositivity in cattle, sheep and goats sampled from six vil-
lages in both the eastern and western Rift Valley ecosystem in Tanzania. However, the animals
sampled from villages within the districts in the eastern Rift Valley ecosystem had significantly
higher odds of seropositivity than those from villages within the western Rift Valley ecosystem.
The sampled animals were born after the last disease outbreak in 2006–2007 suggesting IEP
transmission of RVFV was occurring in all study villages. This study explored potential risk
factors associated with RVF seropositivity in the six villages. Although the findings of this
study suggest that, all sampled domestic ruminants were at risk of being infected with RVFV
and that the risk of seropositivity increased with increasing animal age, the risk of seropositivity
was higher in crossbreed than indigenous domestic ruminants. A higher level of seropositivity
in the three study villages from the eastern than western Rift Valley ecosystems can partly be
explained by the differences in climate, geographical and livestock density between the two eco-
systems. The three villages in the eastern Rift Valley ecosystem experience a bimodal pattern of
rainfall and the dominant soil types in this region have good water holding capacity compared
with the three study villages in the western Rift Valley ecosystem which experience a unimodal
rainfall pattern and the dominant soil types in this region are of poor water holding capacity.
Livestock density is higher in the districts where the study villages are located in the eastern
than in those in the western Rift Valley ecosystem. Recognising that the villages are not repre-
sentative, these findings will make a contribution towards improved predictions of RVF risk in
the country.

Future RVF research could focus on several aspects. One would be to establish whether RVF
viruses circulating in the eastern and western Rift Valley ecosystems are identical using molec-
ular methods. Furthermore, if they are related, the mechanism of dispersal of RVFV from the
eastern Rift Valley to the western Rift Valley ecosystem needs to be studied, in particular the
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potential role of animal movement and competent mosquito vectors. Given that RVF is a zoo-
notic disease, public health risk management in Tanzania should adopt integrated approach in
the collection of livestock and human data. Research needs to be conducted to establish contact
rates between human, livestock and mosquito vectors to better understand the transmission
dynamics of the disease, so that more effective control methods can be developed.

Supporting Information
S1 ARRIVE Checklist. ARRIVE Guidelines Checklist.
(PDF)

S1 Table. Range of Inhibition and IgM detection ELISA values for domestic ruminant
serum samples tested for antibodies specific to RVFV
(DOC)

S1 Text. Questionnaire.
(DOC)

Acknowledgments
We wish to express our deepest gratitude to the owners of domestic ruminants whose under-
standing and cooperation made this study a success. Very sincere gratitude and appreciation
are extended to District Veterinary Officers, Livestock/Agricultural Field Officers and commu-
nity leaders in the respective study districts for their invaluable support during the whole
period of this study. Special thanks go to the Special Pathogens Unit of the National Institute of
Communicable Diseases, South Africa for technical and material support including RVF diag-
nostic reagents. Special thanks also go to Prof. Robinson H. Mdegela (Sokoine University of
Agriculture, Tanzania), for his kind support on logistics for laboratory work in particular the
ELISA reader and laboratory working space. Mr. Filbert Francis and Dr. Susan F. Rumisha
(both at the National Institute for Medical Research Tanzania) are thanked for sharing their
expertise in statistical analysis. We express enormous gratitude to Ms. Shirley Thackray (The
Veterinary Epidemiology, Economics & Public Health Group at RVC) for her logistical support
and warm hospitality throughout the periods when CS visited RVC to acquire the necessary
statistical skills.

We wish to express our gratitude to the Southern African Centre for Infectious Diseases
Surveillance-Wellcome Trust and Faculty of Veterinary Medicine Sokoine University of Agri-
culture Tanzania for logistical support from the inception to the completion of this study. The
anonymous reviewers are thanked for their constructive comments, which helped to improve
the manuscript.

Author Contributions
Conceived and designed the experiments: CS DUP EDK LEGMMMR JTP. Performed the
experiments: CS. Analyzed the data: CS. Contributed reagents/materials/analysis tools: JTP.
Wrote the paper: CS DUP EDK LEGMMMR JTP. Approved the final version of the manu-
script to be published: CS DUP EDK LEGMMMR JTP.

References
1. Woods CW, Karpati AM, Grein T, McCarthy N, Gaturuku P, Muchiri E et al. World Health Organization

Hemorrhagic Fever Task Force. An outbreak of Rift Valley fever in North-eastern Kenya, 1997–1998.
Emerg Infect Dis. 2002; 8: 138–144. PMID: 11897064

RVF Virus Seropositivity in Domestic Ruminants in Tanzania

PLOS ONE | DOI:10.1371/journal.pone.0131873 July 10, 2015 19 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0131873.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0131873.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0131873.s003
http://www.ncbi.nlm.nih.gov/pubmed/11897064


2. Linthicum KJ, Anyamba A, Tucker CJ, Kelly PW, Myers MF, Peters CJ. Climate and satellite indicators
to forecast Rift Valley fever epidemics in Kenya. Science. 1999; 285: 397–400. PMID: 10411500

3. Anyamba A, Linthicum KJ, Mahoney R, Tucker CJ, Kelly PW. Mapping potential risk of Rift Valley fever
outbreaks in African savannas using vegetation index series data. Photogram Engineering and Remote
Sensing. 2000; 68: 137–145.

4. Martin V, De Simone L, Lubroth J, Ceccato P, Chevalier V. Perspectives on using remotely-sensed
imagery in predictive veterinary epidemiology and global early warning systems. Geospatial Health.
2007; 2: 3–14. PMID: 18686251

5. Daubney R, Hudson JR, Garnham PC. Enzootic hepatitis or Rift Valley fever: an undescribed virus dis-
ease of sheep, cattle and man from East Africa. J Pathol Bacteriol. 1931; 34:545–79.

6. Morley CK. Tectonic evolution of the East African Rift System and the modifying influence of magma-
tism: a review. Acta Vulcanologia. 1999; 11: 1–19.

7. Murphy FA, Gibbs EPJ, Horzinek MC, Studdert MJ. Veterinary Virology. USA: Elsevier. 1999; 469–
475.

8. Rich KM, Wanyoike F. An assessment of the regional and national socioeconomic impacts of the 2007
Rift Valley fever outbreak in Kenya. Am J Trop Med Hyg. 2010; 83: 52–57. doi: 10.4269/ajtmh.2010.
09-0291 PMID: 20682906

9. Swanepoel R, Coetzer JAW. Rift Valley fever. In: Coetzer JAW, Tustin RC, eds. Infectious diseases of
livestock. Southern Africa: Oxford University Press. 2004; 1037–1070.

10. Linthicum KJ, Davis FG, Kairo A, Bailey CL. Rift Valley fever virus (family Bunyaviridae, genus Phlebo-
virus). Isolation from Diptera collected during an inter-epizootic period in Kenya. J Hyg. 1985; 95:197–
209. PMID: 2862206

11. WHO. Outbreaks of Rift Valley fever in Kenya, Somalia and United Republic of Tanzania, December
2006–April 2007. Weekly epidemiological news. 2007; 20: 169–178.

12. WHO. Rift Valley fever, South Africa–update1. Weekly epidemiological news. 2010; 21: 185–186.

13. Archer BN, Weyer J, Paweska J, Nkosi D, Leman P, Tint KS. et al. Outbreak of Rift Valley fever affect-
ing veterinarians and farmers in South Africa, 2008. S Afr Med J 2011; 101: 263–266. PMID: 21786732

14. National Institute for Communicable Diseases. Special Pathogens Unit and Outbreak Response Unit,
Viral haemorrhagic fevers outbreaks in South Africa. Communicable Diseases Surveillance Bulletin.
2011; 9: 22–6.

15. Davies FG, Kileulu E, Linthicum KJ, Pegram RG. Patterns of Rift Valley fever activity in Zambia, Epide-
miology and Infections. 1992; 108:185–191.

16. Jocelyn T, Michel P, Yaya T, Mustafa Lo, Roughy S, Josef V. Rift valley fever surveillance in the lower
Senegal River basin: update 10 years after the epidemic. Tropical Medicine and International Health.
1999; 4(8): 580–5. PMID: 10499082

17. Kamal AS. Observations on rift valley fever virus and vaccines in Egypt. Virology Journal. 2011; 8: 532.
doi: 10.1186/1743-422X-8-532 PMID: 22152149

18. Jeanmaire EM, Rabenarivahiny R, Biarmann M, Rabibisoa L, Ravaomanana F, Randriamparany T.
et al. Prevalence of Rift Valley fever infection in ruminants in Madagascar after the 2008 outbreak. Vec-
tor Borne Zoonotic Dis. 2011; 11(4):395–402. doi: 10.1089/vbz.2009.0249 PMID: 21395414

19. Ahmed B, Mamy OE, Baba MO, Barry Y, Isselmou K, Dia ML.et al.. Unexpected Rift Valley fever out-
break, northern Mauritania. Emerging Infectious Diseases. 2011; 17, 1894–1896. doi: 10.3201/
eid1710.110397 PMID: 22000364

20. Adam A, Karsany M, Adam I. Manifestations of severe Rift Valley fever in Sudan. Int J Infect Dis. 2010;
14:179–80. doi: 10.1016/j.ijid.2009.03.029

21. Aradaib IE, Erickson BR, Elageb RM, Khristova ML, Carroll SA, IsamM. et al. Rift Valley fever, Sudan,
2007 and 2010. Emerg Infect Dis. 2013; 19(2):246–53. doi: 10.3201/eid1902.120834 PMID: 23347790

22. Monaco F, Pinoni C, Cosseddu GM, Khaiseb S, Calistri P, Molini U. et al. Rift Valley fever in Namibia,
2010. Emerg Infect Dis. 2013. doi: 10.3201/eid1912.130593

23. Shoemaker T, Boulianne C, Vincent MJ, Pezzanite L, Al-Qahtani MM, Mazrou YA. et al. Genetic analy-
sis of viruses associated with emergence of Rift Valley fever in Saudi Arabia and Yemen, 2000–2001.
Emerg Infect Dis. 2002; 12: 1415.

24. Balkhy HH, Memish ZA. Rift Valley fever: an uninvited zoonosis in the Arabian Peninsula. International
Journal of Antimicrobiological Agents. 2003; 21: 153–7.

25. Al-Afaleq AI, Hussein MF. The status of Rift Valley fever in animals in Saudi Arabia: a mini review. Vec-
tor Borne Zoonotic Dis. 2001; 11:1513–1520.

RVF Virus Seropositivity in Domestic Ruminants in Tanzania

PLOS ONE | DOI:10.1371/journal.pone.0131873 July 10, 2015 20 / 22

http://www.ncbi.nlm.nih.gov/pubmed/10411500
http://www.ncbi.nlm.nih.gov/pubmed/18686251
http://dx.doi.org/10.4269/ajtmh.2010.09-0291
http://dx.doi.org/10.4269/ajtmh.2010.09-0291
http://www.ncbi.nlm.nih.gov/pubmed/20682906
http://www.ncbi.nlm.nih.gov/pubmed/2862206
http://www.ncbi.nlm.nih.gov/pubmed/21786732
http://www.ncbi.nlm.nih.gov/pubmed/10499082
http://dx.doi.org/10.1186/1743-422X-8-532
http://www.ncbi.nlm.nih.gov/pubmed/22152149
http://dx.doi.org/10.1089/vbz.2009.0249
http://www.ncbi.nlm.nih.gov/pubmed/21395414
http://dx.doi.org/10.3201/eid1710.110397
http://dx.doi.org/10.3201/eid1710.110397
http://www.ncbi.nlm.nih.gov/pubmed/22000364
http://dx.doi.org/10.1016/j.ijid.2009.03.029
http://dx.doi.org/10.3201/eid1902.120834
http://www.ncbi.nlm.nih.gov/pubmed/23347790
http://dx.doi.org/10.3201/eid1912.130593


26. Abdo-Salem S, Gerbier G, Bonnet P, Al-Qadasi M, Tran A, Thiry E. et al. Descriptive and spatial epide-
miology of Rift valley fever outbreak in Yemen 2000–2001. Ann N Y Acad Sci. 2006; 1081(Mono-
graph):240–242. PMID: 17135517

27. 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: 568–570. doi: 10.3201/eid1504.081045 PMID: 19331733

28. Hartley DM, Rinderknecht JL, Nipp TL, Clarke NP, Snowder GD. National Center for Foreign Animal
and Zoonotic Disease Defense Advisory Group. Potential effects of Rift Valley fever in the United
States. Emerg Infect Dis. 2011. http://dx.doi.org/10.3201/eid1708.101088.

29. European Food Safety Authority. Opinion of the Scientific Panel on Animal Health andWelfare on a
request from the commission related to the risk of a Rift Valley fever incursion and its persistence within
the community. European Food Safety Authority Journal. 2005; 238: 1–128.

30. Versteirt V, Ducheyne E, Schaffner F, Hendrickx G. Systematic literature review on the geographic dis-
tribution of Rift Valley Fever vectors in the Europe and the neighbouring countries of the Mediterranean
Basin. Supporting Publications. [EN 412]: 59. Available: http://www.efsa.europa.eu/publications.

31. United Republic of Tanzania; the Animal Diseases Act No. 17 of 2003. Government Printer, Dar-es-
Salaam.

32. Ministry of Health and Social Welfare United Republic of Tanzania. The National Integrated Disease
Surveillance and Response (IDSR) Guidelines, 2nd edition. 2011.

33. Sindato C, Karimuribo E, Mboera LEG. The epidemiology and socio-economic impact of rift valley fever
epidemics in Tanzania: a review. Tanzania Journal of Health Research. 2011; 13 (Suppl 1) http://dx.
doi.org/10.4314/thrb.v13i5.1.

34. Fyumagwa RD, Ezekiel MJ, Nyaki A, Mdaki ML, Katale ZB, Moshiro C. et al. Response to Rift Valley
Fever in Tanzania: Challenges and Opportunities. Tanzania Journal of Health Research. 2011; 13
(Suppl 1), http://dx.doi.org/10.4314/thrb.v13i5.1.

35. 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(2): e88897. doi:
10.1371/journal.pone.0088897 PMID: 24586433

36. 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(8): e2356. doi: 10.1371/journal.pntd.0002356 PMID: 23951376

37. Swai ES, Schoonman L. Prevalence of Rift Valley Fever immunoglobulin G antibody in various occupa-
tional groups before the 2007 outbreak in Tanzania. Vector-borne and Zoonotic Diseases. 2009; 9:
579–582. doi: 10.1089/vbz.2008.0108 PMID: 19125662

38. Heinrich N, Saathoff E, Weller N, Clowes P, Kroidl I, Ntinginya E. et al. High Seroprevalence of Rift Val-
ley Fever and evidence for endemic circulation in Mbeya Region, Tanzania, in a cross-sectional study.
PLoS Negl Trop Dis. 2012; 6(3): e1557. doi: 10.1371/journal.pntd.0001557 PMID: 22479657

39. Niklasson B, Peters CJ, Grandien M, Wood O. Detection of human immunoglobulins G and M antibod-
ies to Rift Valley fever virus by enzyme-linked immunosorbent assay. J Clin Microbiol. 1984; 19:225–9.
PMID: 6538206

40. Niklasson B, Grandien M, Peters CJ, Gargan TP II. Detection of Rift Valley fever virus antigen by
enzyme-linked immunosorbent assay.J Clin Microbiol. 1983; 17:1026–31. PMID: 6409920

41. Paweska JT, Burt FJ, Swanepoel R. Validation of IgG-sandwich and IgM-capture ELISA for the detec-
tion of antibody to Rift Valley fever virus in humans. Journal of Virological Methods. 2005; 124: 173–
181. PMID: 15664066

42. Paweska JT, Van Vuren PJ, Swanepoel R. Validation of an indirect ELISA based on a recombinant
nucleocapsid protein of Rift Valley fever virus for the detection of IgG antibody in humans. Journal of
Virology Methods. 2007; 146: 119–124.

43. Paweska JT, Burt FJ, Anthony F, Smith SJ, Grobbelaar AA, Croft JE. et al. IgG sandwich and IgM-cap-
ture enzyme-linked immunosorbent assay for the detection of antibody to Rift Valley fever virus in
domestic ruminants. J Virol Methods. 2003; 113: 103–112. PMID: 14553896

44. Paweska JT, Mortimer E, Leman PA, Swanepoel R. An inhibition enzyme-linked immunosorbent assay
for the detection of antibody to Rift Valley fever virus in humans, domestic and wild ruminants. J Virol
Methods. 2005; 127:10–18. PMID: 15893560

45. Zaki A, Coudrier D, Yousef AI Fakeeh M, Bouloy M, Billecocq A. Production of monoclonal antibodies
against Rift valley fever virus. Appliction for rapid diagnosis tests (virus detection and ELISA) in human
sera. J Virol. Methods. 2006; 131: 34–40. PMID: 16102851

46. OIE—Terrestrial Animal Health Code Twentieth edition, 2011; ISBN 978-92-9044-825-9.

47. ILCA. Livestock systems research manual. Addis Ababa, Ethiopia: ILCA (International Livestock Cen-
tre for Africa). 1990; 287.

RVF Virus Seropositivity in Domestic Ruminants in Tanzania

PLOS ONE | DOI:10.1371/journal.pone.0131873 July 10, 2015 21 / 22

http://www.ncbi.nlm.nih.gov/pubmed/17135517
http://dx.doi.org/10.3201/eid1504.081045
http://www.ncbi.nlm.nih.gov/pubmed/19331733
http://dx.doi.org/10.3201/eid1708.101088
http://www.efsa.europa.eu/publications
http://dx.doi.org/10.4314/thrb.v13i5.1
http://dx.doi.org/10.4314/thrb.v13i5.1
http://dx.doi.org/10.4314/thrb.v13i5.1
http://dx.doi.org/10.1371/journal.pone.0088897
http://www.ncbi.nlm.nih.gov/pubmed/24586433
http://dx.doi.org/10.1371/journal.pntd.0002356
http://www.ncbi.nlm.nih.gov/pubmed/23951376
http://dx.doi.org/10.1089/vbz.2008.0108
http://www.ncbi.nlm.nih.gov/pubmed/19125662
http://dx.doi.org/10.1371/journal.pntd.0001557
http://www.ncbi.nlm.nih.gov/pubmed/22479657
http://www.ncbi.nlm.nih.gov/pubmed/6538206
http://www.ncbi.nlm.nih.gov/pubmed/6409920
http://www.ncbi.nlm.nih.gov/pubmed/15664066
http://www.ncbi.nlm.nih.gov/pubmed/14553896
http://www.ncbi.nlm.nih.gov/pubmed/15893560
http://www.ncbi.nlm.nih.gov/pubmed/16102851


48. Chen X, Ender PB, Mitchell M, Wells C. Logistic regression diagnosis. UCLA: Academic Technology
Services, Statistical Consulting Group. 2010. Available: http://www.ats.ucla.edu/stat/stata/webbooks/
logistic/chapter3/statalog3.htm.

49. Balk D, Deichmann U, Yetman G, Pozzi F, Hay SI, Nelson A. Determining global population distribution:
methods, applications and data. Advances in parasitology. 2006; 62: 119–156. PMID: 16647969

50. Mlingano Agricultural Research Institute, Department of Research and Training Ministry of Agriculture,
Food Security and Co-Operatives Tanga, Tanzania November 2006. Soils of Tanzania and their Poten-
tial for Agriculture Development.

51. 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. 2007; 11:1–9.

52. Kifaro EG, Nkangaga J, Joshua G, Sallu R, Yongolo M. Dautu G. et al. Epidemiological study of Rift Val-
ley fever virus in Kigoma, Tanzania Onderstepoort Journal of Veterinary Research. 2014; 81(2) Art.
#717, 5 pages. http://dx.doi.org/10.4102/ojvr.v81i2.717.

53. Munyua P, Murithi RM, Wainwright S, Githinji J, Hightower A, Mutonga D. et al. Rift Valley Fever out-
break in livestock in Kenya, 2006–2007. Am J Trop Med Hyg. 2010; 83: 58–64. doi: 10.4269/ajtmh.
2010.09-0292 PMID: 20682907

54. Fafetine J, Neves L, Thompson PN, Paweska JT, Rutten VPMG, Cotzer JAW. Serological Evidence of
Rift Valley Fever Virus Circulation in Sheep and Goats in Zambezia Province, Mozambique. PLoS Negl
Trop Dis. 2013; 7(2): e2065. doi: 10.1371/journal.pntd.0002065 PMID: 23469300

55. Pourrut X, Nkoghe D, Souris M, Paupy C, Paweska J, Padilla C.et al. Rift Valley fever virus seropreva-
lence in human rural populations of Gabon. PLoS Negl Trop Dis. 2010; 4: e763. doi: 10.1371/journal.
pntd.0000763 PMID: 20668541

56. Gad AM, Feinsod FM, Allam IH, Eisa M, Hassan AN, Soliman BA.et al. A possible route for the introduc-
tion of Rift Valley fever virus into Egypt during 1977. JTrop Med Hyg 1986; 89: 233–236.

57. Balkhy HH, Memish ZA. Rift Valley fever: an uninvited zoonosis in the Arabian peninsula. Int J Antimi-
crob Agents. 2003; 21: 153–157. PMID: 12615379

58. Thiongane Y, Gonzales JP, Fati A, Akakpo JA. Changes in Rift Valley fever neutralizing antibody preva-
lence among small domestic ruminants following the 1987 outbreak in the Senegal River basin. Res
Virol. 1991; 142: 67–70. PMID: 2052753

59. Davies FG, Martin V. Recognizing Rift Valley fever. Vet Ital. 2006; 42: 31–53. PMID: 20429078

RVF Virus Seropositivity in Domestic Ruminants in Tanzania

PLOS ONE | DOI:10.1371/journal.pone.0131873 July 10, 2015 22 / 22

http://www.ats.ucla.edu/stat/stata/webbooks/logistic/chapter3/statalog3.htm
http://www.ats.ucla.edu/stat/stata/webbooks/logistic/chapter3/statalog3.htm
http://www.ncbi.nlm.nih.gov/pubmed/16647969
http://dx.doi.org/10.4102/ojvr.v81i2.717
http://dx.doi.org/10.4269/ajtmh.2010.09-0292
http://dx.doi.org/10.4269/ajtmh.2010.09-0292
http://www.ncbi.nlm.nih.gov/pubmed/20682907
http://dx.doi.org/10.1371/journal.pntd.0002065
http://www.ncbi.nlm.nih.gov/pubmed/23469300
http://dx.doi.org/10.1371/journal.pntd.0000763
http://dx.doi.org/10.1371/journal.pntd.0000763
http://www.ncbi.nlm.nih.gov/pubmed/20668541
http://www.ncbi.nlm.nih.gov/pubmed/12615379
http://www.ncbi.nlm.nih.gov/pubmed/2052753
http://www.ncbi.nlm.nih.gov/pubmed/20429078

