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Introduction
Rift Valley fever (RVF) is an acute infectious disease 
transmitted by various mosquitoes, particularly those 
of the genera Aedes and Culex. It is caused by the RVF 
virus (RVFV) that belongs to the genus Phlebovirus 
of the Phenuiviridae family. The RVFV affects mainly 
domestic ruminants; however, other mammalian 
species can be infected, such as buffalo. Humans are 
considered dead-end hosts (Gerdes, 2004; Bird et al., 
2009; Jourdain et al., 2019).
RVF was thought to be restricted to sub-Saharan African 
countries until massive outbreaks were declared in 
Egypt, Saudi Arabia, and Yemen [Centre for Disease 
Control (CDC), 2000a, 2000b; Al-Afaleq and Hussein, 
2011]. This expansion of RVF was probably related 
to geopolitical, human behavior, and socio-economic 
and climate changes, dramatically affecting several 
countries in the Middle East and North Africa region 
(Hotez et al., 2012; Zakham et al., 2018). However, 
due to their geographical location and borders with 
the Sahel region, the North African countries are 
vulnerable to transboundary animal diseases, such as 
RVF (Kardjadj, 2017, 2018). Accordingly, it has been 

demonstrated that camels moving across the Sahara in 
Morocco have contact with RVFV (El-Harrak et al., 
2011). RVF is considered among the most dangerous 
emerging diseases because of the ability of the etiologic 
agent to adapt to different ecosystems and many vector 
species (Métras et al., 2011; Cito et al., 2013).
Few studies on RVF have been conducted in Tunisia. 
The first one demonstrated no evidence of RVFV 
presence in livestock (sheep, goats, cattle, and camels) 
(Ayari-Fakhfakh et al., 2011). Two other studies were 
conducted on Tunisian dromedaries: Ben Hassine et 
al. (2017) found no evidence of RVF circulation in 
two groups of dromedaries in the south of Tunisia. On 
the contrary, Selmi et al. (2020) showed that 34% of 
investigated dromedaries were positive in enzyme-
linked immunosorbent assay (ELISA). However, 
these results were not confirmed by the virus-
neutralization technique (VNT), which is considered 
the most specific diagnostic serological test (OIE, 
2018). Another work showed serological evidence 
of RVF exposure in humans who had not left the 
country during the 2 months preceding the sampling 
(Bosworth et al., 2015). Also, in this mentioned study, 
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Abstract
Background: Rift Valley fever (RVF) is an infectious zoonotic disease infecting, mainly, domestic ruminants and 
causing significant economic and public health problems. RVF is a vector-borne disease transmitted by mosquitoes.
Aim: In this work, we tried to seek any RVF virus circulation in Tunisia.
Methods: Thus, we investigated 1,723 sera from different parts of Tunisia, collected in 2009 and 2013–2015 from 
sheep, goats, cattle, and dromedaries. All sera were assessed using enzyme-linked immunosorbent assay techniques.
Results: Eighty-seven sera were detected positive and 11 doubtful. All of them were investigated by the virus-
neutralization technique (VNT), which confirmed the positivity of three sera.
Conclusion: This is the first case of RVF seropositive confirmed by the VNT in Tunisian ruminants. Such a result was 
expected considering the climate, entomology, and geographic location of the country. Further investigations must 
enhance our findings to understand the RVF epidemiologic situation better and implement risk-based surveillance 
programs and effective control strategies.
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ELISA results were not confirmed by VNT, and the 
detection of the viral genome using qRT-PCR turned 
out to be negative. Such results should be considered 
with caution. It is important to note that RVFV 
vectors are present in Tunisia, especially the mosquito 
Culex pipiens, which can disseminate the virus after 
experimental infection (Krida et al., 2011; Amraoui 
et al., 2012). A study published in 2016 demonstrated 
that northern and central eastern Tunisian regions are 
appropriate for an RVF epizootic (Arsevska et al., 
2016). The same study showed that northern regions 
of the Maghreb are moderately suitable to enzootic 
RVF but are highly suitable for RVF epizootics, and 
those areas at-risk extend along the coasts and in the 
Atlas Mountains in Morocco, Algeria, and Tunisia. 
It is important to indicate that the movement of live 
animals remains the most likely way to introduce RVF 
to Tunisia from other African regions (Ayari-Fakhfakh 
et al., 2011). This particularly concerns neighboring 
countries: Algeria and Libya, where RVF cases 
have been recently (January 2020) reported in small 
ruminants (OIE, 2020). 

Materials and Methods
This study aimed to detect any circulation or any trace 
of circulation of RVFV in Tunisian domestic ruminants. 
A total of 1,723 serum samples have been obtained 
from all the Tunisian territory with its different climatic 
characteristics (Fig. 1) in the context of systematic 
serological diagnosis of abortive diseases, which is 
regularly carried out at the Tunisian Veterinary Research 
Institute. Serum samples were distributed as follows: 450 
bovine sera (from 86 herds), 630 ovine sera (from 69 
herds), 316 goat sera (from 109 herds), and 327 dromedary 
sera (from 19 herds) (Table 1). This work began in 2012 
as part of a project aiming to introduce diagnostic and 
research techniques on RVF at the Tunisian Veterinary 
Research Institute. Thus, the first part of the study was 
carried out on sera already available and well stored at 
the institute and dating from 2009. Then, investigations 
continued on samples from 2013 until 2015.
All sera were tested to detect anti-RVFV IgG. Two ELISA 
tests were used: a homemade ELISA technique and a 
commercial kit “ID Screen® RVF competition multi-
species ELISA kits (ID-Vet. InnovativeDiagnostics, 
Montpellier, France). A part of the investigations were 
carried out in the French National Reference Laboratory 
of RVF serologic analyses (ANSES – Lyon, France), 
which produces its own homemade ELISA kit detecting 
IgG-type antibodies. For the purposes of this technique, 
plates were coated with antigens extracted from the 
lysate of virus-infected cells. The used conjugate consists 
of anti-species antibodies combined with peroxidase. 
Considering the relatively high number of samples, the 
use of the homemade ELISA is less expensive. The other 
part of the ELISA tests was carried out in the Virology 
Lab of the Tunisian Veterinary Research Institute using 
the above-mentioned commercial kit. Comparing the 

two techniques, the homemade ELISA is more sensitive 
and less specific than the commercial one.
All positive and doubtful samples detected by the ELISA 
technique were investigated by VNT, which was carried 
out to confirm ELISA-positive samples. The VNT was 
conducted on the culture system of vero cells (kidney 
cells from African green monkey) infected by the 
attenuated viral strain MP12. The inhibition of the virus 
cytopathic effect was assessed on different dilutions of 
the serum to be tested. If this inhibition is obtained, it will 
be concluded that the neutralizing antibodies are present 
in the serum. The VNT technique is highly specific and 
is generally accepted as the standard assay system for the 
quantitative determination for neutralization antibody 
activity in serum samples (OIE, 2018).
Ethical approval
All technical procedures of animal restraint and blood 
sampling were in accordance with the European 
legislation regarding ethics and animal welfare. Blood 
samples were professionally collected by veterinarians 
from restrained animals during their monitoring to 
avoid animal suffering.

Results and Discussion
Sixty-nine sera were detected positive, 11 were 
detected doubtful by the homemade ELISA technique, 
and 18 were detected positive by competition multi-
species ELISA test. Among the ELISA-positive sera, 

Fig. 1. Climatic map of Tunisia (Rekik et al., 2000). NB: 
Tunis includes the governorates of Tunis, Ben Arous, Ariana, 
and Manouba.
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three were confirmed positive by VNT. One of them 
was from a sheep sampled in 2009 in Kasserine 
(center-west). The two others were from cattle, one 
from Kairouan (center) sampled in 2009, and one from 
Siliana (north-west) sampled in 2013. Only the case 
from Siliana was from a herd where some abortions 
had been detected, and the serum was also detected 
positive to brucellosis. No further information was 
available on these cases. According to the VNT results, 
the global seroprevalence among tested animals was 
about 0.17% (3/1723). An attempt was made to detect 
the viral genome from positive sera using the PCR 
technique, but no amplification was obtained. Such a 
result probably indicates that the viremic phase was 
exceeded.
The present work was initiated as part of a project 
which aims to introduce diagnostic techniques of RVF 
in the virology lab of the Tunisian Veterinary Research 
institute. In 2015, the serological diagnosis of RVF 

was introduced and is now carried out regularly on 
suspected cases. Apart from the RVF seropositive 
cases detected in this study, no other one was declared 
positive so far by serological techniques. Hence, 
the importance of our results, which show a trace of 
circulation of the virus in few animals in 2009 and 
2013 and no outbreak of RVF or even seropositive 
cases since then.
The presence of RVFV seropositive animals in Tunisia 
is probably due to the virus introduction via the 
movements of positive animals from a neighboring 
country. It can also be explained by undetected long-
term circulation because of the absence of large-scale 
epidemiological study and without any surveillance 
system. However, this second hypothesis is less 
probable given the absence of confirmed positive RVF 
cases since the completion of this study.
The occurrence of RVF in Tunisia is expected because 
climatic and entomologic conditions are in favor of 

Table 1. Sera repartition according to geographic localization and animal species.

Governorate  
(Geographic localization)

Number of 
bovine herds

Number of  
ovine herds

Number of  
goat herds

Number of 
dromedary herds

Bizerte (north) 11 10 1 0
Béjà (north-west) 12 23 0 0
Tunis (north-east) 3 0 0 0
Ariana (north-east) 4 0 2 0
Ben arous (north-east) 8 1 1 0
Manouba (north-east) 9 2 3 0
Sousse (center-east) 1 1 1 0
Mahdia(center-east) 1 0 0 0
Nabeul (north-east) 6 2 1 1
Jendouba (north-west) 3 3 0 0
Kef (north-west) 3 3 1 0
Siliana (north-west) 4 1 1 0
Zaghouan (north) 3 3 0 0
Kairouan (center) 3 6 6 0
Kasserine (center-west) 2 2 0 0
Sidi Bouzid (center) 5 0 1 0
Gafsa (south-west) 0 0 4 1
Medenine (south-east) 0 1 2 1
Sfax (south-east) 7 3 0 0
Gabes (south-east) 1 2 2 1
Kebili (south) 0 1 1 1
Tozeur (south-west) 0 3 3 12
Tataouine (south-east) 0 2 79 2
Total 86 69 109 19
Number of herds with 
abortion cases 40/86 60/69 30/109 6/19
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the emergence of this disease (Arsevska et al., 2016). 
Furthermore, legal and illegal animal trade from 
neighboring countries strengthens the probability of 
RVF introduction in Tunisia, particularly in the current 
context where recent outbreaks of RVF were declared 
in Libya (OIE, 2020), a neighboring country with which 
Tunisia has a lot of exchanges. Regarding this present 
study, the three regions where the trace of the circulation 
of the virus was detected correspond to areas where 
competent vectors, such as the mosquito C. pipiens, 
are present (Moutailler et al., 2008; Krida et al., 2011; 
Amraoui et al., 2012). This is supported by the fact that 
regions where positive cases were detected present a 
high livestock density and are considered crossroads of 
livestock movements in Tunisia (Mohamed-Brahmi et 
al., 2010; Jemaa, 2016).
Considering the results of this study and knowing the 
severe impact of RVFV infection on public and animal 
health, large-scale epidemiologic studies are needed to 
better estimate the RVF situation in Tunisia and identify 
risk factors. These findings will allow the development 
and implementation of effective epidemiologic 
surveillance and control programs, considering that 
generally, vector-borne diseases circulate at a low level 
before the surge of an epidemic.
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