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RESEARCH ARTICLE

High seroprevalence of Rift Valley fever phlebovirus in domestic ruminants
and African Buffaloes in Mozambique shows need for intensified surveillance
Belisário Moiane a,b, Lourenço Mapacod, Peter Thompson e, Mikael Bergb, Ann Albihnb,c

and José Fafetinea

aDepartment of Para-clinical, Veterinary Faculty, Eduardo Mondlane University, Maputo, Mozambique; bDepartment of Biomedical
Sciences and Veterinary Public Health, Swedish University of Agricultural Sciences, Uppsala, Sweden; cSection for Environment and
Biosecurity, National Veterinary Institute, Uppsala, Sweden; dDirectorate of Animal Sciences, Institute of Agrarian Research, Maputo,
Mozambique; eDepartment of Production Animal Studies, Faculty of Veterinary Science, University of Pretoria, Pretoria, Republic of
South Africa

ABSTRACT
Introduction: Rift Valley fever (RVF) is an arthropod-borne disease that affects both animals
and humans. RVF phlebovirus (RVFPV) is widespread in Africa and Arabian Peninsula. In
Mozambique, outbreaks were reported in South; seroprevalence studies performed in live-
stock and water buffaloes were limited to central and south regions. We evaluated the
seroprevalence of RVFPV among domestic ruminants and African buffaloes from 7 of 10
provinces of Mozambique, to understand the distribution of RVFPV and provide data for
further RVF control programs.
Materials and methods: A total of 1581 blood samples were collected in cattle, 1117 in
goats, 85 in sheep and 69 in African buffaloes, between 2013 and 2014, and the obtained sera
were analyzed by ELISA.
Results and discussion: The overall seroprevalence of RVFPV domestic ruminants and African
buffaloes was 25.6%. The highest was observed in cattle (37.3%) and African buffaloes
(30.4%), which were higher than in previous studies within Mozambique. In south and central
regions, the overall seroprevalences were higher (14.9%–62.4%) than in the north.
Conclusion: This study showed the presence of anti-RVFPV antibodies in animals from all
sampled provinces, suggesting that RVFPV is actively circulating among domestic ruminants
and African buffaloes in Mozambique, therefore surveillance should be intensified.
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Introduction

Rift Valley fever (RVF) is an endemic disease on the
African continent, where it has a negative impact on
the livestock production, due to high mortality rate
among infected animals, trade bans of animals from
affected areas, and its zoonotic impact [1]. RVF is
caused by a tri-segmented RNA virus of negative
polarity, belonging to Phenuiviridae family, genus
Phlebovirus [2]. RVF phlebovirus (RVFPV) [2] is
transmitted by arthropods, mainly mosquitoes of
the genera Aedes and Culex [3,4] to many species
such as sheep, goats, cattle, camels, horses [5], wildlife
species [6] and humans [7,8].

RVFPV was first isolated in Kenya, during an out-
break that occurred in sheep in 1931 [9]. Since then,
RVFPV has spread to many African countries
[10,11], Saudi Arabia [7,12] and Yemen outside
Africa [11].

RVF is a transboundary disease, and recent out-
breaks were reported in Niger and Uganda [2016,
11,13], Mauritania (2010, 2012–2015, 14,15,16),

Senegal (2013/14) and South Africa and Namibia
(2008–2011, 17,18,19,20), Kenya, Tanzania and
Somalia in 2006 [21,22]. High number of deaths
among humans and livestock were reported during
these outbreaks [11]

Animals infected with RVFPV may remain asymp-
tomatic or experience fever, diarrhea, nasal discharge,
weakness, abortion, decrease in milk production and
death. Susceptibility to infection is mostly age and
species-related. Young animals are more susceptible
to infection when compared to adults [23].

In humans, RVFPV was reported to cause a self-
limiting febrile illness, but also more severe symp-
toms as encephalitis, retinopathy and deaths [24,25].
RVFPV was also found to be linked with miscarriage
in 54% (15/28) of women in a cross-sectional study
performed at the Governmental Hospital of Port
Sudan between June 2011 and November 2012, fol-
lowing a sudden onset of abortions [26].

In Mozambique the first outbreak of RVF
occurred in 1969 in the Provinces of Gaza and
Maputo, where a great number of cattle and goats
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died and a large number of abortions were observed
due to virus infection [27]. A small outbreak of RVF
has been reported in Goba (Namaacha district),
Maputo Province, where 56% (49/88) cattle were
positive for RVFPV IgG and 24% for IgM [28].
Furthermore, RVFPV RNA was detected in 12
serum samples by RT-PCR. In the same study 2/26
and 2/13 sera collected in Xai-Xai and Chibuto dis-
tricts, respectively, in Gaza Province, were RVFPV
RNA positive [28], suggesting that this virus was
actively circulating among domestic ruminants in
those areas.

Since 1969 [27], Mozambique has never reported
large outbreaks of RVF, however seroepidemiological
studies performed in Maputo and Gaza Provinces
(South) and Zambezia Province (Central), between
1996 and 2013, found high seroprevalences of
RVFPV among domestic ruminants and water buffa-
loes (Bubalus bubalis), which ranged from 21% to
53% [29–33], except for the survey performed in
2010 in sheep (9%) and goats (12%) in
Zambezia [34].

The first reported evidence of RVFPV circulation
among humans in Mozambique was in 1989, when
2% (28/1163) sera collected from pregnant women in
8 of 10 provinces were positive to RVFPV antibodies
[35]. A recent seroepidemiological study performed
among acute febrile patients in Southern
Mozambique, revealed a higher prevalence of 5%
(10/200) RVFPV IgG antibodies, during the heavy
rains in 2013 [36]. These reports, in combination
with reported animal seroprevalences show that
RVF may be an important yet neglected zoonosis in
Mozambique. Silent circulation occurs and outbreaks,
with severe public health and economic impact in
both livestock production sector and human health,
may occur during the hot rainy season.

To date, the overall prevalence of RVF in animals
in Mozambique is not known. Studies done so far
have concentrated on the Provinces of Maputo, Gaza
and Zambezia.

In the present study, we evaluated the seropreva-
lence of RVF throughout Mozambique to understand
the distribution of RVFPV among domestic rumi-
nants and African buffaloes from 2013 to 2014, and
thus support the veterinary authorities and general
public with baseline information on RVF prevalence,
which may allow the appropriate decision making for
the implementation of preventive programs
countrywide.

Materials and methods

Study area

A cross-sectional study was performed on farms
located in 7 of 10 Provinces of Mozambique, grouped

in three geographic regions, respectively, north (Cabo
Delgado and Niassa), central (Sofala and Tete) and
south (Inhambane, Gaza and Maputo) (Figure 1). Of
the 7 provinces, Gaza and Maputo have reported RVF
outbreaks among domestic ruminants [27,28].

Mozambique’s average annual temperatures are
around 20°C, the highest, 38–40°C, are recorded
between December and February. These tempera-
tures, coinciding with the hot rainy season (October
to March), favor high rainfall (between 800–1000 mm
in the south, and even higher in the central and
northern regions) [37], and thus breeding of
RVFPV mosquito vectors [38].

The Country´s largest plains and the largest hydro-
graphic basins occur in the central and southern regions
(mainly in the south), namely the Maputo, Incomati,
Limpopo and Save rivers in the South, as well as
Pungue, Buzi and the great Zambezi Basin in central
region, except for the river Lurio and Rovuma that are
in the north (Figure 1). During the rainy season these
rivers overflow, flooding the plains [37], favoring the
breeding of RVFPV mosquito vectors [38–40].

In the north, cattle and goats were sampled in Cabo
Delgado Province (Mocimboa da Praia, Mueda,
Nangade districts), and only goats were sampled in
Niassa (Lago, Mavago and Sanga districts) (Figure 1).

In central Mozambique, African buffaloes (Syncerus
caffer) and cattle were sampled in both provinces of
Tete (Mutarara and Zumbo districts) and Sofala
(Beira, Gorongosa and Marromeu districts), whereas
goats were only sampled in Tete for this region
(Table 1). Buffalo samples were collected in the
Tchuma-tchato special conservation zone in Zumbo
district (Tete), Gorongosa National Park in Gorongosa
and Marromeu Special Reserve of Buffaloes in
Marromeu districts, respectively in (Sofala) (Figure 1).

The Tchuma-tchato special area, in the Zumbo
district of Tete, is located in a medium to high pla-
teau area, upstream Zambezi Valley (200–1000 m
above mean sea level), has an annual average tem-
perature of 24–26°C and precipitation between
1200–1400 mm [41].

In Sofala, the Marromeu Reserve is located in the
Zambezi Delta plain, with more than 79 rivers and
streams of permanent water, average precipitation of
910 mm, temperature 21°C (16–32°C), with a large
occurrence of dambos [42], and Gorongosa National
Park in the Gorongosa district, with many rivers and
streams of permanent water; altitude varying from
300–600 m, above the sea level, and annual average
temperature of 22.9°C (16.1–32°C) [43].

In south region, all the three species of domestic
ruminants were included in the sampling, in Gaza
(Chóckwè, Mabalane and Bilene districts) and
Maputo (Boane, Manhiça and Marracuene), except
for Inhambane province (Inharrime and Panda),
where only goats were sampled (Table 1).
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The study was performed under ethical permit
number 555/DNSV/2008, issued by the Board of
Ethics of the Directorate of the National Veterinary
Service, Ministry of Agriculture and Food Security of
Mozambique.

Sampling

A total of 1581 blood samples was collected in cattle,
1117 in goats, 85 in sheep and 69 in African buffaloes
(Table 1); the sampling was performed between April
2013 and June 2014.

Figure 1. Map of Mozambique showing the study area in each province.
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Cattle, goats and sheep (males and females), both
young and adults of mixed breeds (local, exotic and
cross-breeds), were gathered and restrained in com-
munal pens located near acaricidal dip tanks, used for
the massive chemical control of tick in livestock of
both smallholders and commercial farmers in each
sampling area. Cattle were considered to be young
when age was estimated at <2 years and the cut-off
for sheep and goats was <12 months.

African buffaloes, both young (< 2.5 years) and
adults (≥ 2.5 years) were chemically immobilized by
aerial darting, for subsequent sampling [44].

Animals were bled through venipuncture of the cau-
dal vein, blood samples were collected into vacutainer
tubes and thereafter kept on dry ice and transported to
the local laboratories, where they were centrifuged to
obtain sera. Thereafter, sera samples were stored at
−20ºC, until they were shipped to the Central
Veterinary Laboratory in Maputo, followed by storage
at the above-mentioned temperature, until further
analysis.

According to the Directorate of the National
Veterinary Services, as far as possible the sampling
locations were selected based on the presence of the
risk factors that favor the breeding of RVFPV mos-
quito vectors (large plains, wetlands, high precipita-
tion rates during the rainy season, a high likelihood
for flooding), and risk factors that favor the spread of
RVFPV as high livestock density. This indicates that
the survey was not random, but was targeted at the
likely high prevalence areas. Therefore it may over-
estimate the general seroprevalence in the country.

Serological testing

ID Screen® RVF competition multi-species ELISA kit
(IDvet, France) that simultaneously detects both
RVFPV IgG and IgM was used to test the sera.

Briefly, sera samples were added to 96 well plates,
coated with a recombinant RVF nucleoprotein (NP).
After washing the plates an anti-NP peroxidase con-
jugate was added to fix the remaining free NP epi-
topes. Substrate and stop solutions were added,
microplates were read at 450 nm, and cut-off values
were calculated as recommended by manufacturer.

Statistical analysis

Seroprevalences were calculated by province and spe-
cies with 95% confidence interval (CI) and were
compared using Fisher’s exact test. Multivariable ana-
lysis using logistic regression, aimed at evaluating the
association between potential risk factors (location,
species, sex and age) and RVF seropositivity among
cattle, sheep goats and the African buffaloes was
performed. Odds ratio (OR) were calculated and
goodness-of-fit of the model was evaluated using the
Hosmer-Lemeshow goodness-of-fit test [45].

Results

The overall seroprevalence was 25.6% (731/2852; 95%
CI: 24.0 – 27.3%) and within the regions the central
with 51.2% (395/771) had the highest overall preva-
lence of RVFPV antibodies, followed by south with
21% (323/1535); the lowest was observed in the
north, 3.3% (18/546). In the north region the sero-
prevalence of RVFPV was highest in Cabo Delgado
with 4.8% (15/312). Sofala had 62.4% (368/590) and is
the province with highest overall seroprevalence for
the central region, while the highest RVFPV seropre-
valence 29.2% (73/250) for the south region was
found in Maputo (Table 1). Across all regions, sig-
nificant differences in overall seroprevalences of
RVFPV were observed between Sofala, Maputo,
Cabo Delgado and Niassa (Table1), and between

Table 1. Rift Valley fever seroprevalence in Mozambique, 2013–2014, by province and species.

Province

Cattle Goats Sheep Buffalo TOTAL

Region n
Prevalence
[95% CI] n

Prevalence
[95% CI] n

Prevalence
[95% CI] n

Prevalence
[95% CI] N

Prevalence
[95% CI]

Cabo Delgado 31 25.8 bc * 281 2.5 c † 312 4.8 d

[11.9 – 44.6] [1.0 – 5.1] [2.7 – 7.8]
North Niassa 234 1.3 c 234 1.3 e

[0.3 – 3.7] [0.3 – 3.7]
Tete 30 63.3 a * 129 3.9 bc † 22 13.6 b † 181 14.9 c

[43.9 – 80.1] [1.3 – 8.8] [2.9 – 34.9] [10.1 – 21.0]
Central Sofala 543 64.5 a * 47 38.3 a † 590 62.4 a

[60.3 – 68.5] [24.5 – 53.6] [58.3 – 66.3]
Inhambane 241 17.8 a 241 17.8 c

[13.2 – 23.3] [13.2 – 23.3]
South Gaza 749 19.2 c * 223 20.2 a * 72 18.1 a * 1,044 19.3 c

[16.5 – 22.2] [15.1 – 26.1] [10.0 – 28.9] [17.0 – 21.9]
Maputo 228 29.8 b * 9 22.2 ab * 13 23.1 a * 250 29.2 b

[24.0 – 36.2] [2.8 – 60.0] [5.0 – 53.8] [23.6 – 35.3]
TOTAL 1,581 37.3 * 1,117 9.4 ‡ 85 18.8 † 69 30.4 *† 2,852 25.6

[34.9 – 39.7] [7.8 – 11.3] [11.2 – 28.8] [19.9 – 42.7] [24.0 – 27.3]
abcde Within columns, seroprevalences with no superscripts in common differ significantly (p < 0.05).
*†‡ Within rows, seroprevalences with no symbols in common differ significantly (p < 0.05).
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these four provinces and Gaza, Inhambane and Tete.
Furthermore, the last three provinces did not differ
significantly.

The overall prevalence of anti-RVFPV antibodies
was higher for cattle 37.3% (590/1581) and African
buffaloes 30.4% (21/69), than in other species and the
highest was observed in the central province of Sofala
64.5% (350/543) for cattle and 38.3% (18/47) for
African buffaloes. Goats, with 20.2% (45/223) in
south province of Gaza had higher prevalence of
anti-RVFPV antibodies than those observed in the
Tete, Cabo Delgado and Niassa; meanwhile, no dif-
ferences were observed between Maputo and Tete, as
well as between Tete and the north provinces for this
species (Table 1).

Sheep were only sampled in Gaza and Maputo
provinces, and no significant differences were
observed on seroprevalence of RVFPV for this species
between the two provinces (Table 1).

African buffaloes´ samples were only available
from central region and the seroprevalence of anti-
RVFPV antibodies for this species from both
Marromeu district (Marromeu National Reserve)
and Gorongosa district (Gorongosa National Park)
in Sofala province was 38.3% (18/47), higher than
the observed in Zumbo district (Tchuma-tchato
Special Conservation Zone), in Tete province
(Table 1).

In this study, a significant difference was observed
regarding the likelihood of the animals being seropo-
sitive to RVF, in the provinces of Inhambane,
Maputo, Sofala and Tete in relation to Gaza
(Table 2). The odds of cattle being seropositive in
Sofala and Maputo was, respectively, two and four
times higher than the cattle in Gaza province,
whereas the odds of seropositivity were lower in
Inhambane and Tete (Table 2).

Goats and cattle had the same likelihood of being
seropositive (OR = 1.13, p = 0.617), however, sheep

(OR = 0.49, p = 0.034) had lower odds of being
seropositive than cattle (Table 2).

There was no significant difference between male
and female animals in the odds of being seropositive;
however, in relation to age, adult animals were nine
times more likely to have been exposed to RVFPV
than the younger ones (OR = 8.92, p < 0.0001)
(Table 2).

Discussion

This was the first time that the animals in the north
of Mozambique (Cabo Delgado and Niassa pro-
vinces) have been surveyed for detection of RVF
antibodies, and to our knowledge no reports of
RVFPV circulation from this region have been avail-
able. The decision to include the north region of
Mozambique was motivated by recent findings of
high RVFPV seroprevalences in Central Zambézia
province [34], and the Republic of Tanzania [46],
respectively, which are in the neighborhoods, and
therefore raised concerns with regards to the
RVFPV seroprevalence in livestock within this
region.

In this study, the overall seroprevalences of
RVFPV for each species (except for goats) were
high (Table 1). A similar result was found in a ser-
ological survey of anti-RVFPV antibodies in Tanzania
where 25.8% (n = 1435) of domestic ruminants
(sheep, cattle and goats) were seropositive [47]. The
seroprevalence found in this study was higher than
that found in cattle and goats in the Union of
Comoros (17.5%; n = 191), between 2010–2011 [48].

The high prevalence of antibodies to RVFPV in
the central and south Mozambique as compared to
the north, may be related to climatic factors, water
availability and landscape, which likely influence the
amplification and spread of RVFPV in the east and
southern African countries [40,49].

The low seroprevalence of RVFPV in the north
region can be explained by the predominant high
altitude (above 1000 m), dense and closed forest,
and low average annual temperatures (<18°C) com-
pared to other regions of the country. Despite the
high precipitation (between 800 – 2000 mm) in the
hot and rainy season (from October to March) [37],
the low temperature may not favor the breeding of
the potential vectors of the RVFPV. Another factor
may be related to the low density of animals and large
dispersion among herds, which may hamper the abil-
ity of the vectors to spread the virus [50]. The high
seroprevalence observed in Cabo Delgado, for this
region, may be explained by the fact that in this
province the altitude and forest density decrease east-
ward (Figure 1), and the annual average temperatures
tend to increase (>24°C), which, in comparison to
Niassa, may increase the survival rate of RVFPV

Table 2. Factors associated with Rift Valley fever seropositiv-
ity in livestock in central and southern Mozambique,
2013–2014.
Variable & level Odds ratio 95% CI p-value

Province (region)
Gaza (South) 1* – –
Inhambane (South) 0.41 0.25 – 0.68 <0.001
Maputo (South) 1.69 1.05 – 2.72 0.032
Sofala (Central) 4.10 3.01 – 5.59 <0.001
Tete (Central) 0.09 0.03 – 0.30 <0.001
Species
Cattle 1* – –
Goats 1.13 0.71 – 1.79 0.617
Sheep 0.49 0.25 – 0.95 0.034
Sex
Male vs. female 1.40 0.93 – 2.10 0.106
Age
Adult vs. young 8.94 5.42 – 14.77 <0.001

* Reference level.
Hosmer-Lemeshow goodness-of-fit χ25 df = 3.64, P = 0.602.
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mosquitos’ vectors, and hence increase the vectorial
transmission of RVFPV to the animals.

The lower overall seroprevalence in Tete province
as compared to Sofala province, may be related to its
relatively hot and dry climate, with lower precipita-
tion rates (below 800 mm, much lower in Zumbo and
Mutarara districts) [37], factors that may contribute
to poor breeding or lower survival rates of potential
RVFPV vectors. However, in some instances, these
areas may experience a dramatic increase in the rain-
fall, in association with El Niño southern oscillation
phenomenon, leading to floods and a surge in mos-
quito population and thus increase the risk of RVFPV
transmission to both animals and humans [51].

Unlike Tete, in Sofala province, where the main
plain of the central Mozambique occurs, with a great
availability of permanent natural sources of water, a
humid tropical climate, high likelihood for flooding
[37] and favorable temperatures to the proliferation
of RVFPV vectors, in addition to the fact that there is
high density of both livestock and buffaloes per herd,
the risk of infection and vectorial viral spread among
animals is high [40]. These factors may explain the
observed high RVFPV seroprevalence.

A situation similar to that of Sofala can be observed
in relation to the provinces of south Mozambique,
which have the largest plain lands in the country [37]
with a very high potential for the breeding of RVFPV
vectors, especially during the rainy season in which
frequent floods occur almost yearly.

On the other hand, intensive agricultural activity is
concentrated in these regions, mainly focused on the
production of sugarcane and rice in Maputo, Gaza
and Sofala. This situation has led to the opening of
more irrigation ditches [37], which may have con-
tributed to the increase in mosquito breeding and
greater exposure of animals [50].

In the present study, cattle had a higher preva-
lence of antibodies when compared to goats and
sheep (Table 1). The seroprevelance observed for
cattle in this studies were higher than those
observed in Madagascar 28% (n = 894) in 2009
[52] and 14% (n = 1353) between 2010–2011 [53],
Botswana 5.7% (n = 863), in 2010–2011 [54],
Rwanda 16.8% (n = 595) between December 2012
and March 2013 [55] and Tanzania 27.7%
(n = 756) in 2013 [47]. Studies carried out in the
central (Zambezia and Manica) and south (Maputo
and Gaza) Mozambique between 1996 and 2013,
have shown high seroprevalence of RVF antibodies
in cattle (7% – 51.6%), goats (11.6% – 25.1%), and
sheep 9.2% – 44.2%) [29–34]. The high density of
cattle in the herds in relation to goats and sheep
may be one of the contributing factors to their
greater susceptibility to RVFPV infection [56].
However, it would be important to evaluate the
effect of density of animal species on susceptibility

to RVFPV infection in Mozambique. A follow up
study on RVF outbreak in South Africa, has found
a higher seroprevalence in cattle than goats and
sheep raised on the same farm, and this was
related to a possible mosquito vector preference
to feed on cattle´s blood [57]. Furthermore, the
preference of the RVFPV mosquito vectors on
cattle than goats and sheep was observed in
Kenya [58].

In the present study, a high prevalence was
observed in cattle raised in the surroundings of the
Tchuma Tchato special conservation zone (in the
District of Zumbo in Tete), Marromeu National
Reserve and Gorongosa National Park, in Sofala
Province (Figure 1), which could indicate that there
is a circulation of the RVFPV between domestic
ruminants and African buffaloes in Mozambique.
However, the importance of wildlife as a potential
reservoir for RVFPV has not been determined.

A study performed in northern Botswana, found a
prevalence of antibodies to RVFPV in buffaloes
(12.7%, n = 150) higher than in cattle (5.7%, n = 863)
[54]. In the present study, we did not observe a sig-
nificant difference between these two species regard-
ing overall seroprevalence (Table 1). However, the
seroprevalence of cattle (63.3%, n = 30) was higher
than that of buffaloes (12.6%, n = 22) in the province of
Tete (Table 1). On the other hand, the overall preva-
lence in both species was high in our study, when
compared to the study done by Jori et al. [54].

A high seroprevalence in buffaloes has been
demonstrated by many researchers mainly in sub-
Saharan Africa especially in South Africa [59,60] and
Kenya [61]. In our study, seroprevalence was also high.
African buffaloes are known to be a common host of
RVFPV [60]. Other study performed in African buffa-
loes reported lower seroprevalence, 7.5% (34/541) in
Zimbabwe [6], compared to this study. Differences in
seroprevalence between wildlife populations are likely
related to differences in environmental risk factors.

The difference in seroprevalence between buffaloes
in Sofala (Marromeu Reserve and Gorongosa
National Park) and those in Tete (Tchuma-tchato
Special Conservation Area) may be associated with
climatic events and factors related to the landscape
that influence the type, distribution and the density of
potential RVFPV mosquito vectors species [49,62].

The distribution, density and potential of RVFPV
transmission by the different potential vectors in
different ecological zones is not yet known in
Mozambique, but is currently being investigated in
southern region.

The overall prevalence of anti-RVFPV antibodies
in goats and sheep observed in this study was lower
compared to that observed in Tanzania, 22% (117/
531) for goats and 30% (44/148) for sheep, respec-
tively [47].
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The high seroprevalences of RVFPV in cattle and
sheep observed in south Mozambique were also
reported for these species in the central Province of
Zambezia by Fafetine et al. between 2010–2013[34]
and Blomström et al. in 2013 [33].

In 2013 and 2014 no outbreaks of RVF or clinical
cases were reported in livestock and wildlife from all
provinces, except for the southern provinces of Gaza
and Maputo, where small outbreaks of RVF in the
districts Xai-Xai and Chibuto (Gaza) and Goba
(Maputo), were reported in 2014. RVFPV was
detected in 16 serum samples and 6 tissues from
sheep and goat, using quantitative real-time reverse
transcription PCR, by amplifying the 490 nucleotide
region of the medium segment of RVFPV RNA [28].

Silent circulation, due to subclinical infections
with RVFPV, was reported in goats and sheep in
the Province of Zambezia [34], cattle and African
buffaloes in other regions of sub-Saharan Africa
[38]. As a result of RVFPV circulation pattern in
Mozambique, small outbreaks and sporadic cases of
clinical and or economic importance may be over-
looked. Also RVFPV may possibly be a significant
cause of human illness.

The location of the province where the animals are
raised, the animal species and the age, were identified
in this study as being the main risk factors for
RVFPV infection between 2013 and 2014.

Older animals were more likely to be infected,
suggesting enzootic circulation of RVFPV in
Mozambique. Abdalla et al. [63], when they evaluated
the risk factors for RVFPV infection in Camels
(Camelus dromedaries) in Sudan, and Blomström
et al. [33], when investigated the seroprevalence of
RVFPV in sheep and goats in Zambezia Province,
obtained a similar result. This is commonly seen in
infectious diseases and for RVF it may be due to the
longer exposure time of the adult animals in the
herds, where they are in contact with potential mos-
quitoes vectors during several rain seasons, with
increased risk of acquiring RVFPV infection through
bites from infected mosquitoes [33,63]. Very little is
known of the ecology of the mosquito vectors of
RVFPV in Mozambique.

Whether RVF in the north Mozambique has
resulted from the movement of RVFPV infected live-
stock or wildlife, from previous outbreak areas in both
central and south regions, or it originated from differ-
ent sources cannot be ruled out. Therefore, RVFPV
genotyping and phylogeographic analysis could be
done in order to address this question.

Conclusion

The results from this study show the presence of anti-
RVFPV antibodies in all sampled provinces, suggesting

that RVFPV is actively circulating among domestic
ruminants and African buffaloes in Mozambique.

Domestic ruminants in the central and south, as
well as African buffaloes from the central regions,
respectively, showed a higher prevalence of anti-
RVFPV antibodies than those in the north.

Animal age, species and the location were the
main factors associated with the odds of exposure to
RVFPV in Mozambique during 2013 and 2014.

The results obtained in this study are complemen-
tary to those from other reports, and may be useful as
baseline information on RVF seroprevalence in both
domestic ruminants and African buffaloes in
Mozambique. It is clear now that RVF surveillance
program in Mozambique must be intensified.

Acknowledgments

The authors would like to thank the Swedish International
Development Cooperation Agency (SIDA) and the National
Research Fund (Ministry of Science, Technology, Higher,
Technical and Professional Education, Mozambique) for the
financial support for this work, the National Veterinary
Directorate and the Directorate of Animal Sciences of the
Institute of Agrarian Research of Mozambique (Ministry of
Agriculture and Food Security) for providing the database for
analysis. The authors would also like to acknowledge Doctors
Agostinho Chibielo and Valter Nhacumba from the National
Institute of Petroleum (Ministry of Mineral Resources and
Energy) for designing the map indicating the study area.

Disclosure statement

No potential conflict of interest was reported by the
authors.

Funding

This work was supported by the International Atomic
Energy Agency, Swedish International Development
Cooperation Agency [P2. Impact of Zoonotic Diseases in
Public Health] and National Research Fund (Ministry of
Science, Technology, Higher, Technical and Professional
Education, Mozambique.

Notes on contributors

Belisário Tomé Moiane (DVM, Lic.Phil.), received his
bachelor degree in Veterinary Medicine at the Veterinary
Faculty, Eduardo Mondlane University. He obtained his
Licentiate degree in Medical Sciences at Department of
Microbiology, Tumor and Cell Biology. Karolinska
Institute, Sweden. He is currently an Assistant Lecturer at
the Veterinary Faculty of Eduardo Mondlane University,
and a PhD student at the Department of Biomedical
Sciences and Veterinary Public Health, SLU, Sweden. His
research interest is focused on viral zoonosis epidemiology,
diagnostics and Vaccine development and use.

Lourenço Mapaco (DVM, MMedVet), received his bache-
lor degree in Veterinary Medicine at the Veterinary

INFECTION ECOLOGY & EPIDEMIOLOGY 7

D
ow

nl
oa

de
d 

by
 [

77
.2

18
.2

42
.1

39
] 

at
 0

0:
45

 1
8 

D
ec

em
be

r 
20

17
 



Faculty, Eduardo Mondlane University. He obtained his
Master degree at University of Pretoria. His thesis was
based on investigation into an outbreak of Rift Valley
fever on a cattle farm in Bela-Bela, South Africa.
Currently he a researcher at the Central Veterinary
Laboratory, National Institute of Agrarian Research,
Mozambique.

Peter Thompson (BVSc, MMedVet, PhD) received his
BVSc at the University of Pretoria in the Department of
Medicine, Faculty of Veterinary Science. He is specialized
in production Animal Medicine and obtained his
MMedVet, after which he shifted his focus to epidemiology
and obtained his PhD through Utrecht University. He is
presently an Associate Professor of Veterinary
Epidemiology in the Department of Production Animal
Studies at University of Pretoria.

Mikael Berg (BSc, PhD) obtained his BSc in Microbiology
at Uppsala University, Sweden. He is specialized in
Veterinary Virology, and obtained his PhD from Swedish
University of Agricultural Sciences. He is currently
Professor in Veterinary Virology at the Swedish
University of Agricultural Sciences.

Ann Albihn (DVM, PhD) received both her bachelor
degree (DVM) and PhD in Veterinary Medicine at the
Veterinary Faculty at the Swedish University of
Agricultural Sciences, Sweden. She is currently an
Adjunct Professor at the Department of Biomedical
Science and Veterinary Public Health, Division of
Bacteriology and Food Safety and also employed at the
National Veterinary Institute. Her research interest is on
infectious diseases, especially zoonotic infections and how
these are spread to humans and animals via the environ-
ment. The understanding of the influence from climate
change and other anthropogenic impact on ecosystems
and thereby on the geographical distribution and spread
of infectious diseases is central.

José Manuel Fafetine (DVM, MSc, PhD), he received his
bachelor degree in Veterinary Medicine from the Eduardo
Mondlane University, Mozambique and his MSc degree in
Tropical Veterinary Medicine from the Free University of
Berlin, Germany. He obtained his PhD at the Faculty of
Veterinary Science, University of Pretoria, South Africa.
His main research interest is the diagnosis and epidemiol-
ogy of viral and zoonotic diseases. He is currently an
Associate Professor at the Department of Para-Clinical,
Veterinary Faculty of Eduardo Mondlane University and
Leading Researcher on epidemiology and molecular diag-
nosis of viral diseases at the Biotechnology Center of the
Eduardo Mondlane University.

ORCID

Belisário Moiane http://orcid.org/0000-0003-0542-6388
Peter Thompson http://orcid.org/0000-0002-2268-9748

References

[1] Linthicum KJ, Britch SC, Anyamba A. Rift Valley
fever: an emerging Mosquito-Borne disease. Annu
Rev Entomol. 2016;61:395–415.

[2] Virus Taxonomy: 2016 Release [Internet]. ICTV. 2016
cited 2017 Nov 20. Available from: https://talk.ictvon
line.org/taxonomy/.

[3] Diallo M, Lochouarn L, Ba K, et al. First isolation of
the Rift Valley fever virus from Culex poicilipes
(Diptera: culicidae) in nature. Am J Trop Med Hyg.
2000;62(6):702–704.

[4] Tantely LM, Boyer S, Fontenille DA. Review of mos-
quitoes associated with Rift Valley fever virus in
Madagascar. Am J Trop Med Hyg. 2015;92(4):722–729.

[5] Olaleye OD, Tomori O, Schmitz H. Rift Valley fever
in Nigeria: infections in domestic animals. Rev Sci
Tech Off Int Epiz. 1996;15(3):937–946.

[6] Anderson EC, Rowe LW. The prevalence of antibody
to the viruses of bovine virus diarrhoea, bovine herpes
virus 1, Rift Valley fever, ephemeral fever and blue-
tonge and to Leptospira sp in free-ranging wildlife in
Zimbabwe. Epidemiol Infect. 1998;121:441–449.

[7] Al-Hazmi M, Ayoola EA, Abdurahman M, et al.
Epidemic Rift Valley fever in Saudi Arabia: A clinical
study of severe ilness in humans. Clin J Infect Dis.
2003;36(3):245–252.

[8] Alrajhi AA, Al-Semari A, Al-Watban J. Rift Valley
fever encephalitis. Emerg Infect Dis. 2004;10(3):554–
555.

[9] Daubney R, Hudson JR. Rift Valley Fever. The Lancet
Global Health. 1932;611–612.

[10] Meegan JM. The Rift Valley fever epizootic in Egypt
1977-78. Description of the epizootic and virological
studies. Trans R Soc Tropl Med Hyg. 1979;73(6):618–
623.

[11] Rift Valley Fever (RVF): outbreaks summary
[Internet]. CDC. 2017 cited 2017 Jun 20. Available
from: [https://www.cdc.gov/vhf/rvf/outbreaks/summa
ries.html].

[12] MMWR. Outbreak of Rift Valley fever—saudi Arabia,
August-October, 2000. JAMA. 2000;284(18):2310.

[13] Rift Valley fever in Niger, 2016 [Internet]. World
Health Organization. 2016 cited 2017 Sept 04.
Available from: http://www.who.int/csr/don/29-sep
tember-2016-rift-valley-fever-niger/en/.

[14] Sow A, Faye O, Ba Y, et al. Rift Valley fever outbreak,
southern Mauritania, 2012. Emerg Infect Dis. 2014;20
(2):296–299.

[15] Rift Valley fever, Mauritania [Internet]. OIE. 2014
cited 2017 Nov 15. Available from: http://www.oie.
int/wahis_2/public/wahid.php/Reviewreport/Review/
viewsummary?reportid=14258.

[16] Boushab BM, Fall-Malick FZ, Ould Baba SEW, et al.
Severe human illness caused by Rift Valley Fever virus
in Mauritania, 2015. Open Forum Infect Dis. 2016;3
(4):ofw200.

[17] Archer BN, Thomas J, Weyer J, et al. Epidemiologic
investigations into outbreaks of Rift valley fever in
humans, South Africa, 2008–2011. Emerg Infect Dis.
2013;19(12):1918–1925.

[18] Archer BN, Weyer J, Paweska J, et al. Outbreak of Rift
Valley fever affecting veterinarians and farmers in
South Africa, 2008. S Afr Med J. 2011;101(4):263–266.

[19] Métras R, Porphyre T, Pfeiffer DU, et al. Exploratory
space-time analyses of Rift Valley Fever in South
Africa in 2008–2011. PLOS Negl Trop Dis. 2012;6(8):
e1808.

[20] Monaco F, Pinoni C, Cosseddu GM, et al. Rift Valley
Fever in Namibia, 2010. Emerg Infect Dis. 2013;19
(12):2025–2027.

8 B. MOIANE ET AL.

D
ow

nl
oa

de
d 

by
 [

77
.2

18
.2

42
.1

39
] 

at
 0

0:
45

 1
8 

D
ec

em
be

r 
20

17
 

https://talk.ictvonline.org/taxonomy/
https://talk.ictvonline.org/taxonomy/
https://www.cdc.gov/vhf/rvf/outbreaks/summaries.html
https://www.cdc.gov/vhf/rvf/outbreaks/summaries.html
http://www.who.int/csr/don/29-september-2016-rift-valley-fever-niger/en/
http://www.who.int/csr/don/29-september-2016-rift-valley-fever-niger/en/
http://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review/viewsummary?reportid=14258
http://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review/viewsummary?reportid=14258
http://www.oie.int/wahis_2/public/wahid.php/Reviewreport/Review/viewsummary?reportid=14258


[21] Rift Valley fever in Kenya, Somalia and the United
Republic of Tanzania [Internet]. World Health
Organization. 2007 cited 2017 Sep 11. Available
from: http://www.who.int/csr/don/2007_05_09/en/.

[22] Rift WHO. Valley fever, United Republic of Tanzania.
Wkly Rep Epidemiol Rec. 2007;82:117–124.

[23] Ikegami T, Makino S. Pathogenesis of Rift Valley
fever. Viruses. 2011;3:493–519.

[24] Elwan MS, Sharaf MH, Gameel K, et al. Rift Valley
fever with retinopathy: observations in a new out-
break. Ann Saudi Med. 1997;17(3):377–380.

[25] Laughlin LW, Meegan JM, Strausbaugh LJ, et al.
Epidemic Rift Valley fever in Egypt: observations of
the spectrum of human illness. Trans R Soc Trop Med
Hyg. 1979;73(6):630–633.

[26] Baudin M, Jumaa AM, Jomma HJE, et al. Association
of Rift Valley fever virus infection with miscarrieage
in Sudanese woman: a cross-sectional study. The
Lancet Global Health. 2016;4:e864–71.

[27] Valadão FG. Previous note on the occurrence of a new
virus disease in Moçambique- The Rift Valley fever.
Veterin Mocamb Lourenco Marques. 1969;2(1):13–20.

[28] Fafetine JM, Coetzee P, Mubemba B, et al. Rift Valley
fever outbreak in livestock, Mozambique, 2014. Emerg
Infect Dis. 2016;22(12):2165–2167.

[29] DINAP. Relatório anual 2001 [Annual report 2001].
Maputo: Direccao Nacional de Pecuaria [National
Directorate of Livestock], 2002. Portuguese.

[30] Engström J. Seroprevalence of Rift Valley fever in
domestic sheep and goats of Gaza province.
Mozambique. Uppsala: Swedish University of
Agricultural Sciences;2012. ISSN 1652–8697.

[31] Lagerqvist N, Moiane B, Mapaco L, et al. Antibodies
against Rift Valley fever virus in cattle, Mozambique.
Emerg Infect Dis. 2013;19(7):1177–1179.

[32] Lagerqvist N, Moiane B, Bucht G, et al. Stability of a
formalin-inactivated Rift Valley fever vaccine: evalua-
tion of a vaccination campaign for cattle in
Mozambique. Vaccine. 2012;30:6534–6540.

[33] Blomström A-L, Scharin I, Stenberg H, et al.
Seroprevalence of Rift Valley fever virus in sheep
and goats in Zambézia, Mozambique. Infect Ecol &
Epidemiol. 2016;6:31343.

[34] Fafetine J, Neves L, Thompson PN, et al. Serological
evidence of Rift Valley fever virusa circulation in
Sheep and Goats in Zambézia Province,
Mozambique. PLoS Negl Trop Dis. 2013;7(2):e2065.

[35] Niklasson B, Liljestrand J, Bergstrom S, et al. Rift
Valley fever: a sero-epidemiological survey among
pregnant women in Mozambique. Epidemiol Infect.
1987;99:517–522.

[36] Gudo ES, Pinto G, Weyer J, et al. Serological evidence
of Rift Valley fever virus among acute febrile patients
in Southern Mozambique during and after the 2013
heavy rainfall and flooding: implication for the man-
agement of febrile illness. Virol J. 2016;13(96):1–7.

[37] Dos Muchangos A. Mocambique, Paisagens e Regioes
Naturais [Mozambique. Landscape and natural
regions]. From the Author ed. República de
Mocambique [Republic of Mozambique]: Tipografia
Globo, Lda [Globo Tipography, Ltd]; 1999. 163 p.
Portuguese.

[38] Jupp PG, Kemp A, Grobbelaar A, et al. The 2000 epi-
demic of Rift Valley fever in Saudi Arabia: mosquito
vector studies. Med Vet Entomol. 2002;16:245–252.

[39] Williams R, Malherbe J, Weepener H, et al.
Anomalous high rainfall and soil saturation as

combined risk indicator of Rift Valley fever outbreaks,
South Africa, 2008-2011. Emerg Infect Dis. 2016;22
(12):2054–2062.

[40] Glancey MM, Anyamba A, Linthicum KJ.
Epidemiological and environmental risk factors of
Rift Valley fever in Southern Africa from 2008 to
2011. Vector-Borne and Zoonotic Dis. 2015;15
(8):502–511.

[41] MAE. Perfil do Distrito de Zumbo, Provincia de Tete
[Profile of the district of Zumbo, Tete Province]. 2005
ed. Maputo: Ministerio de Administracao Estatal
Governo de Mocambique [Ministry of State
Administration, Government of Mozambique]; 2005.
p. 2–39. Portuguese.

[42] MAE. Perfil do Distrito de Marromeu, Provincia de
Sofala [Profile of the Marromeu district, Sofala
Province]. 2005 ed. Maputo: Ministerio de
Administracao Estatal, Governo de Mocambique
[Ministry of State Administration, Government of
Mozambique]; 2005. p. 2–44. Portuguese.

[43] MAE. Perfil do Distrito de Gorongosa, Provincia de
Sofala [Profile of the Gorongosa district, Sofala
Province]. 2005 ed. Maputo: Ministerio de
Administracao Estatal, Governo de Mocambique
[Ministry of State Administration, Government of
Mozambique]; 2005. Portuguese.

[44] Caron A, Cornelis D, Foggin C, et al. Africa buffalo
movement zoonotic disease risk across transfrontier
conservation areas, Southern Africa. Emerg Infect Dis.
2016;22(2):227–280.

[45] Hosmer DW, Hosmer T, Le Cessie S, et al. A compar-
ison of goodnes-of-fit tests for the logistic regression
model. Stat Med. 1997;16:965–980.

[46] Sindato C, Karimuribo E, Mboera LEG. The epide-
miology and socio-economic impact of Rift Valley
fever epidemic s in Tanzania: a review. Tanz J
Health Res. 2011;13(Suppl. 1):1–16.

[47] Sindato C, Pfeiffer DU, Karimuribo ED, et al. A spa-
tial analysis of Rift Valley fever virus seropositivity in
domestic ruminants in Tanzania. PLoS ONE. 2015;10
(7):e0131873.

[48] Roger M, Beral M, Licciardi S, et al. Evidence for
circulation of the Rift Valley fever virus among live-
stock in the Uninon of Comores. PLoS Negl Trop Dis.
2014;8(7):e3045.

[49] Tran A, Trevennec C, Lutywama J, et al. Development
and assessment of a geographic knowledge-based
model for mapping suitable areas for Rift Valley
fever transmission in Eastern Africa. PLoS Negl Trop
Dis. 2016;10(9):e0004999.

[50] Olive -M-M, Chavalier V, Grosbois V, et al. Integrated
analysis of environment, cattle and human serological
data: risks and mechanisms of transmission of Rift
Valley fever in Madagascar. PLoS Negl Trop Dis.
2016;10(7):e0004827.

[51] Anyamba A, Linthicum K, Tucker C. Climate-disease
connections: rift Valley fever in Kenya. Cad Saude
Publica, Rio De Janeio. 2001;17:133–140.

[52] Chavalier V, Rakotondrafara T, Jourdan M, et al. An
unexpected recurrent transmission of Rift Valley fever
virus in cattle in a temperate and mountaneous area of
Madagascar. PLoS Negl Trop Dis. 2011;5(12):e1423.

[53] Nicolas G, Durand B, Rakotoarimanana T, et al. Short
report: A 3-year serological and virological cattle fol-
low-up in Madagascar highlands suggests a non-clas-
sical transmission route of Rift Valley fever virus. Am
J Trop Med Hyg. 2014;90(2):265–266.

INFECTION ECOLOGY & EPIDEMIOLOGY 9

D
ow

nl
oa

de
d 

by
 [

77
.2

18
.2

42
.1

39
] 

at
 0

0:
45

 1
8 

D
ec

em
be

r 
20

17
 

http://www.who.int/csr/don/2007_05_09/en/


[54] Jori F, Alexander KA, Mokopasetso M, et al.
Serological evidence of Rift Valley fever circulation
in domestic Cattle and African Buffalo in Northern
Botswana (2010-2011). Front Vet Sci. 2015;2(63):1–7.

[55] Umuhoza T, Berkvens D, Gafarasi I, et al.
Seroprevalence of Rift Valley fever in cattle along the
Akagera-Nyabarongo rivers, Rwanda. J S Afr Vet
Assoc. 2017;88:a1379.

[56] Heinrich N, Saathoff E, Weller N, et al. High seropre-
valence of Rift Valley fever and evidence for endemic
circulation in Mbeya region, Tanzania, in a cross-sec-
tional study. PLoS Negl Trop Dis. 2012;6(3):1–10.

[57] Mapaco LP, Coetzer JAW, Paweska JT, et al. An
Investigation into an outbreak of Rift Valley fever on
cattle farm in Bella-Bela, South Africa, in 2008. J S Afr
Vet Assoc. 2012;83(1):Art.#132, 7.

[58] Tchouassi DP, Okiro RO, Sang R, et al. Mosquito host
choices on livestock amplifiers of Rift Valley fever
virus in Kenya. Parasite Vector. 2016;9:184.

[59] Fagbo S, Coetzxer JAW, Venter EH. Seroprevalence of
Rift Valley fever and lumpy skin disease in Africa

buffalo (Syncerus caffer) in the Kruger National Park
and Hluhluwe-iMfolozi Park, South Africa. J S Afr Vet
Assoc. 2014;85(1):Art#1075, 7.

[60] LaBeaud AD, Cross PC, Getz WM, et al. Rift Valley
fever virus infection in African Buffalo (Syncerus caf-
fer) herds in rural South Africa: evidence of interepi-
demic transmission. Am J Trop Med Hyg. 2011;84
(4):641–646.

[61] Evans A, Gakuya F, Paweska JT, et al. Prevalence
of antibodies against Rift Valley fever virus in
Kenyan wildlife. Epidemiol Infect. 2008;136
(9):1261–1269.

[62] Pachka H, Annelise T, Alan K, et al. Rift Valley fever
vector diversity and impact of metereological and
environmental factors on Culex pipiens dynamics in
the Okavango Delta, Botswana. Parasite Vector.
2016;9(434):1–17.

[63] Abdallah MMM, Adam IA, Abdalla TM, et al. A
survey of Rift Valley fever and associated risk factors
among the one-humped camel (Camelus dromed-
aries) in Sudan. Irish Vet J. 2016;69(6):1–6.

10 B. MOIANE ET AL.

D
ow

nl
oa

de
d 

by
 [

77
.2

18
.2

42
.1

39
] 

at
 0

0:
45

 1
8 

D
ec

em
be

r 
20

17
 


	Abstract
	Introduction
	Materials and methods
	Study area
	Sampling
	Serological testing
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	Notes on contributors
	References



