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Abstract
West Nile fever (WNF) and Rift Valley fever (RVF) are emerging and re-emerging zoonotic diseases of veterinary and public
health importance in Africa. Despite the existence of potential vectors and a wide range of hosts, the transmission of these
diseases in domestic animals has not been well documented in the South Omo area of Ethiopia. This study aimed to estimate the
sero-prevalence of IgG antibodies produced against West Nile virus (WNV) and Rift Valley fever virus (RVFV) infections
among cattle in the South Omo area. BetweenMay and June 2019, blood samples were collected from 397 cattle and screened for
IgG antibodies against WNV and RVFV infections using enzyme-linked immunosorbent assay (ELISA). The overall sero-
prevalence of IgG antibody to WNV infection was 4.8% (95% CI: 2.67–6.88%), while it was 5.0% to RVFV infection (95%
CI: 2.87–7.18). Compared to 1–3 years old cattle, those in the age group ≥ 7 years had significantly higher odds of being positive
for WNV (AOR = 6.82; 95% CI: 1.72–26.99) and RVFV (AOR= 4.38; 95% CI: 1.08–17.88) infections. The occurrence of
WNV and RVFV infections in cattle population in the present study area indicates the risk of transmission to humans.
Strengthening the surveillance system and conducting further studies to identify active cases in domestic and wild animals as
well as in humans is crucial to reduce the risk of possible outbreaks.
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Introduction

Emerging and re-emerging mosquito-borne zoonotic viral dis-
eases including West Nile fever (WNF) and Rift Valley fever
(RVF) pose a significant problem both in animals’ and humans’
health with an economic burden throughout the world, especially
in the tropical and subtropical areas (Caminade et al. 2019).
About 60% of infectious diseases and 70% of emerging/re-
emerging infections of humans are zoonotic in origin. Among
the emerging and re-emerging viral diseases of animals, WNF
which is caused by West Nile virus (WNV) infection and RVF
due to infectionwith Rift Valley fever virus (RVFV) are themost
common ones. These viral diseases are transmitted throughmos-
quitoes’ bite to their vertebrate hosts (Kortekaas 2014; Lustig
et al. 2016). The documented outbreaks of these viruses in new
geographical locations worldwide might be attributed to climate
change, spread and abundance of competent vectors, increased
global trade in animals and foodstuffs, persistence of the viruses
in wild animals, wide host range, and a complex interface be-
tween the host populations (Caminade et al. 2019).
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WNV belongs to the family Flaviviridae and genus
Flavivirus. The virus was first isolated in Uganda in
1937 (Smithburn et al. 1940). The virus is transmitted to
its vertebrate hosts including cattle through the biting of
infected female Culex mosquitoes, while feeding blood
meal. Birds are considered as the primary host for WNV
in which the virus is maintained in a bird–mosquito–bird
transmission cycle, while domestic animals and humans
are incidental dead-end hosts that do not play a role in the
transmission cycle of the virus (Davoust et al .
2016).WNV infection has been reported in many tropical,
sub-tropical, and temperate countries in Africa, Europe,
Asia, and America (Davoust et al. 2016; Ozkul et al.
2006; Thompson et al. 2012). There are inactivated and
recombinant vaccines available for veterinary use only
(Seino et al. 2007), but no proven effective treatments
are available for both animal and human cases.

RVFV belongs to the family Phenuiviridae, genus
Phlebovirus (Maes et al. 2019), and it was first identi-
fied in Kenya in 1931 (Daubney et al. 1931). The virus
can cause a life-threatening disease both in animals and
humans. In animals, RVFV is transmitted both by Aedes
and Culex mosquitoes and causes abortions and still-
births, with a high mortality in neonates and juveniles.
Hence, RVFV outbreaks can lead to a significant eco-
nomic loss at country level (Bett et al. 2018). In
humans, RVFV infection is caused by direct contact of
infected animal tissue and fluids or by mosquito bite
(Bett et al. 2018). The occurrence of RVF has been
reported from many African countries (Lagare et al.
2019; Ndengu et al. 2020; Nyakarahuka et al. 2018;
Salekwa et al. 2019; Tshilenge et al. 2019; Umuhoza
et al. 2017; Van Den Bergh et al. 2019). Countries
having heavy rainfall, large mosquito populations, and
neighboring to endemic countries are at increasing risk
of the disease. Currently, there are vaccines for animals
to limit the substantial economic impact of RVF, but
there is no specific treatment for RVFV infection in
animals or humans (Kortekaas 2014).

The prevention and control of these zoonotic viral diseases
mostly relies on an effective surveillance system, early detec-
tion, and vaccination of susceptible domestic animals
(Caminade et al. 2019). Despite the proximity of the current
study area to Kenya, a country reporting repeated outbreaks of
zoonotic arboviruses including RVFV and WNV (Bett et al.
2018), the practice of unrestricted livestock and wildlife
movements across the borders, and availability of a wide
range of potential hosts and abundance of vectors, the occur-
rence of these diseases in the present study area has not been
well studied. Therefore, this study aimed to investigate the
sero-prevalence of IgG antibodies against WNV and RVFV
infections among RVF unvaccinated cattle populations in the
South Omo area, Southern Ethiopia.

Materials and methods

Study area, population, and period

A cross-sectional study was conducted in the Bena Tsemay
District of the South Omo Zone of Southern Ethiopia between
May and June 2019. The area is located approximately
750 km from Addis Ababa (the capital city of Ethiopia) and
borders Kenya to the South. The area resides within the Lower
Omo Valley and contains Woito, Neri, and Kako rivers and
Mago National Park where a large number of interactions of
livestock (cattle, sheep, and goats), birds, wild animals, and
human populations take place. The district covers an area of
2923 km2 with estimated human population of 69,099. The
altitude of the district ranges between 496 and 2476 m above
sea level. Geographical location is 5.010 N to 5.730 N latitude
and 36.380 E to 37.070 E longitude. The mean annual rainfall
ranges between 800 and 1300 mm, and the mean annual tem-
perature ranges between 18 and 38 °C. For the current study,
two kebeles (sub-districts), namely, Goldiya and Shalla-
Luka kebeles (Fig. 1), were purposely selected. The
presence of a large number of cattle farming and eco-
logical suitability for WNV and RVFV were taken as
selection criteria for the kebeles.

Goldiya kebele is located at an elevation of 1156 m above
sea level (masl), latitude of 5.601 N and longitude of 36.517
E, and it is closer to Mago National Park. The residents of the
Goldiya kebele practice both crop production and animal hus-
bandry. Shalla-Luka kebele is located on the west of Woito
river and southeast of Goldiya kebele at an elevation of
660 masl, latitude of 5.442 N and longitude of 36.825 E,
and it is about 41 km far from Goldiya kebele. The residents
of the Shalla-Luka Kebele are more of pastoralists. More de-
tailed information about the sub-district and kebeles is de-
scribed elsewhere (Legesse et al. 2018).

Sample size estimation and sampling techniques

To the best of our knowledge, there is no reliable information
about the sero-prevalence of WNV or RVFV infection in cat-
tle in the present study area or Ethiopia. Assuming 50% sero-
prevalence of IgG antibodies to WNV and/or RVFV infec-
tions in cattle in the study area, with 95% confidence in the
estimate and 5% margin of error, the minimum sample size
was estimated to be 385. Prior to data collection, the total
sample size was allocated proportionally to the cattle popula-
tion in the study kebeles. The required number of cattle from
each kebele was estimated after visiting livestock watering
points. Six watering points from Goldiya kebele along Kako
River closer to Mago National Park and seven community
ponds from Shalla-Luka kebele were identified and recorded
to Mobile Topographer Pro Application version 14.0.0 for
Android using Keyhole markup language (KML). The KML
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layers’ file of watering points and community ponds were
exported to Google Earth Pro7.3.2.5776 (64-bit) to measure
distances in between watering points within kebeles aimed for
reducing sample collection repetition. From Goldiya kebele,
two watering points at distance of 7 km in between and in
Shalla-Luka kebele three watering points at average distance
of 8.7 km in between were selected for sample collection.
Animal welfare concerns during restraint were taken into ac-
count; all samples were collected in improvised stock chute
made with poles which were giving services for vaccinations.

Data collection and laboratory investigation

Before commencement of the data collection, the herd/cattle
owner was asked his/her willingness to include his/her cattle
in the study. The cattle included in this study were those with
age greater than or equal to 1 year, apparently in good health,
born and grown in the study area. A 3 ml jugular vein blood

sample was collected into serum separator vacutainer test
tubes, serum separated and stored at − 20 °C until screening.
Enzyme-linked immunosorbent assays (ELISA) for IgG anti-
bodies against WNV and RVFV infections were performed
according to the manufacture’s protocol (Abbexa Ltd.,
Cambridge UK/www.abbexa.com). The samples were
analyzed in duplicate and the optical density reading was
performed at 450 nm using a 96-well ELISA plate reader
(Multiskan™ FC Microplate Photometer). The result was
interpreted as positive or negative on the basis of the manu-
facturer’s recommended cut-off values (cut-off value = nega-
tive control + 0.15).

Additionally, interviews were carried out with the owners
of the cattle regarding information related to age of the animal,
number of parity and history of abortion in female, birth
place of the study animal, introduction of new animal to
the herd in the last 12 months, and migration to other
areas for searching grass/water.

Shalla-Luka 

Goldiya

Mago National Park 

South Omo

Bena Tsemay

Fig. 1 Map of the study area
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Data analysis

Data were entered into EpiData Software v.3.1 and an-
alyzed using SPSS Version 25. Frequencies and percent-
ages were used to summarize the general characteristics
of the study cattle. The sero-prevalence of IgG antibody
to WNV and RVFV infections were estimated by divid-
ing the number of study cattle with positive test results
by the total number of study cattle tested. Univariable
logistic regression analysis was performed to assess the
unadjusted association between the sero-positivity for
IgG antibody and the hypothesized individual potential
risk factors. Multivariable logistic regression analysis
was performed to assess the effect of each of the inde-
pendent variables on the outcome variable (sero-
positivity) after adjusting each independent variable for
all other variables. P value of below 0.05 was consid-
ered as indicator of statistically significant association.

Ethical considerations

The study protocol was approved by the Institutional Review
Board (IRB) of the Aklilu Lemma Institute of Pathobiology,
Addis Ababa University. The aim of the study was explained
to each cattle owner and verbal consent was obtained. Blood
sample collection was carried out under aseptic conditions by
experienced veterinary laboratory technicians.

Results

General characteristics of the study cattle

A total of 397 cattle (50.1% males, age range from 1 to
12 years, mean age ± SD = 4.64 ± 2.74 years) were included
in the current study. Among the study cattle, 17.4% live to-
gether with new animals introduced into the herd within the
last 12 months and 4.5% of the female cattle had a history of
abortion (Table 1).

Sero-prevalence of IgG antibody to WNV infection

Out of the 397 cattle tested for anti-WNV IgG antibody,
19 were sero-positive (4.8%; 95% CI: 2.67–6.88%) which
was slightly higher in male cattle than female cattle (6.0%
versus 3.5%; p = 0.24) though the difference was not sta-
tistically significant (Table 2). The sero-prevalence of IgG
antibody to WNV infection increases with age of the cat-
tle and the highest (15.4%) was observed in the age group
of ≥ 10 years old (Fig. 2).

Sero-prevalence of IgG antibody to RVFV infection

Out of the 397 cattle tested for IgG antibody against RVFV
infection, 20 were sero-positive giving an overall sero-
prevalence of 5.0% (95% CI: 2.87–7.18) (Table 3).
Sero-prevalence slightly increased with age and the
highest sero-prevalence (7.7%) was observed in the
age group of ≥ 10 years old (Fig. 3).

Independent predictors of IgG antibody sero-
positivity for WNV infection

Results from multivariable logistic regression analysis are
summarized in Table 4. Compared to cattle in the age group
1–3 years, those whose age is 7 years or above were about
seven times more likely to be sero-positive forWNV infection
(AOR= 6.82; 95% CI: 1.72–26.99).

Independent predictors of IgG antibody sero-
positivity for RVFV infection

Multivariable logistic regression analysis also showed that
cattle in the age group ≥ 7 years were about four times
more likely to be sero-positive for RVFV infection
compared to in the age group 1–3 years (AOR = 4.38;
95% CI: 1.08–17.88) (Table 4).

Discussion

We investigated sero-prevalence of WNV and RVFV infec-
tion among local cattle breeds in the South Omo area of
Southern Ethiopia. None of the cattle enrolled in the current

Table 1 General characteristics of study cattle, South Omo area, 2019

Characteristics Response category Number Percent

Sub-district (kebele) Goldiya 200 50.4

Shalla-Luka 197 49.6

Sex Male 199 50.1

Female 198 49.9

Age category (years) 1–3 154 38.8

4–6 147 37.0

≥ 7 96 24.2

Parity No parturition 91 46.0

Single parturition 36 18.2

Multiple parturition 71 35.9

History of abortion Yes 9 4.5

No 189 95.5

Cattle from other area Yes 69 17.4

No 328 82.6
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study was vaccinated for RVFV since the vaccine was not
available in Ethiopia. The key findings are (1) the sero-
prevalence of IgG antibody to WNV infection was 4.8%; (2)
the sero-prevalence of IgG antibody to RVFV infection was
5.0%; and (3) the sero-positivity for WNV and RVFV among
the study animals increased with age.

Although cattle are as susceptible to WNV infection as
horses, there is limited published information on sero-
prevalence IgG antibody to WNV infection in cattle. The
sero-prevalence of IgG antibody to WNV infection revealed
in this study (4.8%) was nearly similar to the sero-prevalence

observed in Turkey (Ozkul et al. 2006), but higher than the
sero-prevalence (2.2%) reported in a Palestine cattle (Darwish
et al. 1983). The observed differences in the sero-prevalence
of WNV infection might be attributed to difference in geo-
graphical factors like altitude, rainfall, and temperature of the
countries or study areas. In the current study, the geography of
the Omo river basin and of other small but permanent rivers
like Woito river is favorable to mosquito vectors as well as to
different species of birds including migratory birds (Debebe
and Selemon 2019). These favorable climatic conditions may
facilitate transmission of WNV infection in the area. Beyond

Table 2 Sero-prevalence of IgG antibody to WNV infection among the study cattle in South Omo area, 2019

Characteristics Response category Number tested IgG Ab sero-status P value

Negative no. (%) Positive no. (%)

Sub-district (kebele) Goldiya 200 191(95.5) 9(4.5) 0.78
Shalla-Luka 197 187(94.9) 10(5.1)

Sex Male 199 187(94.0) 12(6.0) 0.24
Female 198 191(96.5) 7(3.5)

Age category (years) 1–3 154 151(98.1) 3(1.9) 0.03
4–6 147 140(95.2) 7(4.8)

≥ 7 96 87(90.6) 9(9.4)

Parity No parturition 91 89(97.8) 2(2.2) 0.48
Single parturition 36 35(97.2) 1(2.8)

Multiple parturition 71 67(94.4) 4(5.6)

History of abortion Yes 9 8(88.9) 1(11.1) 0.21
No 189 183(96.8) 6(3.2)

Cattle from other area Yes 69 67(97.1) 2(2.9) 0.42
No 328 311(94.8) 17(5.2)

All 397 378(95.2) 19(4.8)
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Fig. 2 Anti-WNV IgG antibody
sero-positivity increases with age
among the study cattle in the
South Omo area
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animal health, the current finding has important implications
for human health. Humans have a risk of acquiring the infec-
tion from the cattle they rear and live with which needs further
investigation.

The current finding shows that the sero-prevalence of IgG
antibody to RVFV infection is ~ 5.0% among the cattle pop-
ulation in the study area which is lower than reports elsewhere
including 26% in Kenya (Bett et al. 2018), 7.7% in Tanzania
(Salekwa et al. 2019), 27% in Uganda (Nyakarahuka et al.
2018; Budasha et al. 2018), 16.8% in Rwanda (Umuhoza
et al. 2017), 12.37% in Democratic Republic of Congo
(Tshilenge et al. 2019), 34% in South Africa (Van Den

Bergh et al. 2019), and 53.3% in Niger (Lagare et al. 2019).
However, the sero-prevalence in Southern Ethiopia was
higher than the sero-prevalence (1.7%) recently reported from
a study conducted in Zimbabwe (Ndengu et al. 2020). Since
the cattle enrolled in this study were apparently healthy, the
finding of the current study indicates that the observed infec-
tion of WNV and RVFV stems from past exposure or sub-
clinical circulation of the viruses without demonstrating sign
and symptoms of the clinical disease in the cattle population.
The possibility of clinical or sub-clinical circulation of the
virus not excluded as geographic knowledge–based modeling
study (mapping) conducted in East African countries

Table 3 Sero-prevalence of IgG antibody to RVFV infection among the study cattle in South Omo area, 2019

Characteristics Response category Number tested IgG sero-status P value

Negative no. (%) Positive no. (%)

Sub-district (kebele) Goldiya 200 194(97.0) 6(3.0) 0.06
Shalla-Luka 197 183(92.9) 14(7.1)

Sex Male 199 188(94.5) 11(5.5) 0.66
Female 198 189(95.5) 9(4.5)

Age category 1–3 154 151(98.1) 3(1.9) 0.08
4–6 147 137(93.2) 10(6.8)

≥ 7 96 89(92.7) 7(7.3)

Parity No parturition 91 88(96.7) 3(3.3) 0.74
Single parturition 36 34(94.4) 2(5.6)

Multiple parturition 71 67(94.4) 4(5.6)

History of abortion Yes 9 8(88.9) 1(11.1) 0.33
No 189 181(95.8) 8(4.2)

Cattle from other area Yes 69 66(95.7) 3(4.3) 0.77
No 328 311(94.8) 17(5.2)

All 397 377(95.0) 20(5.0)
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Fig. 3 Anti-RVFV IgG antibody
sero-prevalence increases with
age among the study cattle in
South Omo area
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indicated Ethiopia as being a suitable area for RVFV amplifi-
cation and spread (Tran et al. 2016), but this subject is of
further investigation. In addition, Southern Ethiopia (the cur-
rent study area) was prospectively identified as an area with a
high risk for RVF outbreaks (Anyamba et al. 2009). This was
suggested due to excessive rainfall and associated flooding in
the areas as a result of El Niño phenomena that induce hatch-
ing of desiccated mosquito eggs from the soil which contains
trans-ovarially transmitted RVFV with a potential to be trans-
mitted to the local domestic animals (Rostal et al. 2010).

Higher sero-positivity of both WNV and RVFV infections
were significantly associated with older age of cattle com-
pared to younger cattle which is in line with the previous
studies in Uganda (Nyakarahuka et al. 2018) and Rwanda
(Umuhoza et al. 2017). This might be attributed to length of
exposure, with a higher chance of exposure to the pathogen
over a lifespan. The increase of sero-prevalence of bothWNV
and RVFV infections with age may also indicate the possibil-
ity of ongoing/stable transmission or inter-epidemic/endemic
transmission of the viruses. However, the possible importation
of the viruses from neighboring countries cannot be excluded
since animals commonly move across the border between
Ethiopia and Kenya.

Despite the current study reported the first sero-
epidemiological evidence of WNV and RVF in cattle in the
South Omo area of Ethiopia, the finding should be interpreted
in light of the following limitation. Serologic cross-reaction of
WNV with other related flaviviruses and that of RVFV with
other Bunyaviruses were not excluded due to limited resources
to perform confirmatory test using viral neutralization tests.

In general, the current study revealed exposure of cattle
population in South Omo area toWNV and RVFV as detected
by IgG antibodies based ELISA. This is suggestive of either
past exposure and/or subclinical circulation of the viruses. The

risk of exposure to both WNV and RVFV is higher among
older cattle as compared to younger cattle. The findings war-
rant the risk of transmission ofWNV and RVFV to humans in
the area. Therefore, strengthening surveillance system, risk
management, and communication are essential. In addition,
further studies of WNV and RVFV active cases in domestic
and wild animals, as well as in humans in the area, is highly
recommended to predict and reduce possible future outbreaks.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11250-020-02506-0.
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Table 4 Bivariate and multi-variable logistic regression showing association of selected factors with sero-positivity for WNV and RVFV IgG
antibodies among cattle in South Omo area, 2019

Characteristics Response
category

Sero-positivity status for WNV IgG antibody Sero-positivity status for RVFV IgG antibody

Crude odds ratio (95%
CI)

Adjusted odds ratio (95%
CI)

Crude odds ratio (95%
CI)

Adjusted odds ratio (95%
CI)

Sub-district (kebele) Goldiya 0.88 (0.35, 2.22) 0.80 (0.31, 2.08) 0.40 (0.15, 1.07 0.37 (0.14, 1.00)

Shalla-Luka Reference Reference Reference Reference

Sex Male 1.75 (0.68, 4.54) 2.72 (0.94, 7.81) 1.23 (0.50, 3.03) 1.50 (0.56, 3.99)

Female Reference Reference Reference Reference

Age category (year) 1–3 Reference Reference Reference Reference

4–6 2.52 (0.64, 9.92) 2.24 (0.56, 8.95) 3.67 (0.99, 13.63) 3.71 (0.99, 13.93)

≥ 7 5.20 (1.37, 19.75) 6.82 (1.72, 26.99)* 3.96 (0.10, 15.70) 4.38 (1.08, 17.88)*

Cattle from other
area

Yes 0.55 (0.12, 2.42) 0.47 (0.10, 2.15) 0.83 (0.24, 2.92) 0.83 (0.23, 2.97)

No Reference Reference Reference Reference

*significant at p < 0.05
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