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Abstract

Background: Bluetongue (BT), a vector-borne disease of wild and domestic ruminants,
is responsible for severe economic losses in flocks. To reduce this impact, a surveillance
and control plan was implemented in Tunisia. However, the epidemiological situation
of BT remains incompletely understood, especially for the circulating serotypes.
Objective: The aim of this survey was to determine the seroprevalence, to identify the
circulating serotypes and to identify the associated risk factors for bluetongue virus
(BTV) circulation in Tunisia using risk-based sampling (RBS).

Methods: A total of 3314 blood samples were randomly collected from 67 sectors
usingrisk-based sampling and screened by competitive enzyme-linked immunosorbent
assays (c-ELISAs). Out of the 1330 positive samples, 200 samples were analysed by
serum neutralization test (SNT) to identify circulating BTV serotypes.

Results: Of 3314 sera, 1330 were c-ELISA-positive (40.1%) for antibodies against the
BTV structural protein VP7. The result of SNT showed the presence of BTV-1, BTV-2,
BTV-3, BTV-4 and, for the first time in Tunisia, BTV-26. The logistic regression model
revealed that older animals had nearly two times the odds of being infected with BTV
compared to younger animals. Flocks with a history of BT were almost 1.5 times more
likely to be at risk for contracting BTV infection. The flock size, housing indoors and
intensive production system were significant protective factors.

Conclusions: High seroprevalence of BTV among sheep was highlighted in Tunisia. The
neutralization test showed the presence of the following BTV serotypes: BTV-1, BTV-
2, BTV-3, BTV-4 and, for the first time in Tunisia, BTV-26. Age, production system and
flock size were important variables associated with BTV infection in sheep. This finding

is crucial, as it will allow the adjustment of the BT control programme in Tunisia.
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1 | INTRODUCTION

Bluetongue (BT) is a vector-borne disease predominantly transmit-
ted by biting midges (Culicoides spp.) to domestic ruminants such as
sheep, goats and cattle and wild ruminants such as deer, roe deer and
Cantabrian chamois (Chaignat et al., 2009; Lorca-Or¢ et al., 2014).
This disease is caused by infection with Bluetongue virus (BTV) of
the genus Orbivirus, family Reoviridae, which contains 10 segments of
double-stranded RNA with a high rate of mutation (Alkhamis et al.,
2020). Thirty-five serotypes have been described so far. These include
the 24 classical BTV serotypes and the other 11 considered atypical
(Ries et al., 2020). BT is an infectious noncontagious disease capable
of causing severe economic losses due to direct (loss of body weight
and condition, drop in milk production and poor subsequent reproduc-
tive performance) and indirect economic impacts (restriction on the
international trade of livestock) (Gethmann et al., 2020). Currently,
BTV is widespread in all continents except Antarctica (Ma et al., 2019).
Climate change has resulted in a shift in midge populations, hence a
shift in disease/viral emergence (Jacquot et al., 2017). In North Africa,
the first reported incursion of BTV in Tunisia was in 1999 (Ben Fredj
et al.,, 2003). A total of 14,775 clinical cases and 1286 deaths in sheep
caused by serotype 2 (BTV-2) were reported by Tunisian veterinary
services, and since then, the disease has been endemic (Dhaou, 2017;
Kilani et al., 2020). In 2000, Algeria reported the presence of BTV-2
in the northeast of the country (Hammami, 2004), and molecular stud-
ies comparing genomic segments 2 and 7 of the virus isolated in Alge-
ria to those isolated in Tunisia in May 2000 showed that the two iso-
lates were probably of the same origin (Kardjadj & Luka, 2016). BT
was not reported in Morocco before 2004, but an incursion of BTV-
10 in 1956 in the southern area of Larache and west of Arbaoua was
described based on a serological study (Youssef et al., 2017). In 2004,
outbreaks of BTV-4 appeared for the first time in Larache province
in the Northwest Atlantic littoral of Morocco (Youssef et al., 2017).
Since 1999, many serotypes, including BTV-1, BTV-2,BTV-3 and BTV-
4, have been identified in sheep in North African countries with clin-
ical signs such as swollen head with nasal discharge and depression
(EFSA, 2007). Serological surveys were conducted to identify circu-
lating serotypes. In Libya, the serological investigation carried out by
Mahmoud A et al. during 2015-2016 revealed the presence of BTV-
1, BTV-2, BTV-3, BTV-4, BTV-9 and BTV-26 (Mahmoud et al., 2018).
A putative novel BTV serotype (BTV-Y TUN2017) related to the BTV
strain, contaminating a commercially available sheep pox vaccine, and
to BTV-26 was identified in sheep in the centre of Tunisia in 2017
(Lorusso et al., 2018). Although BTV is endemic in Tunisia, there is cur-
rently limited information available on the prevalence of this virus in
sheep. The circulation of several serotypes throughout North African
countries at the same time raises several questions about the role of
livestock movements in the introduction and spread of BTV in this
region (Gahn et al., 2020; Walton, 2004). In Tunisia, since its first detec-
tionin 1999 and up to 2017, BTV has been controlled through the mass
vaccination of sheep using a live vaccine for the first period (1999-
2016) and an attenuated vaccine for the second period (2016-2017)
against BTV-1, BTV-2 and BTV-4. Active and passive surveillance had
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FIGURE 1 Risk map of bluetongue (BT) exposure in Tunisia
demonstrating sheep farms within specific governorates (red sections)
and sectors (black sections) of four different risk categories
(negligible, low, high and very high) in which samples were taken
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been implemented throughout the country since the occurrence of the
disease. Considering the epidemiological situation, conventional meth-
ods such as passive and active surveillance were insufficient to control
BTV, especially with uncontrolled livestock movements. The surveil-
lance of BT could be strengthened by implementing risk-based surveil-
lance (RBS) that takes into consideration the main risk factors, such as
vector density, animal movement and animal density, to optimize the
surveillance for early detection and to target zones where the disease
is more likely to be introduced and spread. The aim of this study was
to use RBS to determine the seroprevalence, serotypes and associated
risk factors of BTV circulation in Tunisia.

2 | MATERIALS AND METHODS

2.1 | Identification of risk areas and sampling
Tunisia is subdivided into 24 governorates (administrative units) that
are further divided into 2084 sectors (Figure 1). This study was con-

ducted in 67 sectors randomly selected from the 2084 sectors in
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Tunisia, which were classified into four risk classes (negligible, low,
high and very high risk areas) for exposure to BTV using a qualitative
risk assessment method based on SQRA methodology (Kalthoum et al.,
2021; Squarzoni-Diaw et al., 2020).

The primary step involved in the identification of risk areas for expo-
sure to BT in Tunisia was the identification of the potential risk factors
for BTV spread. Thus, risk factors used to characterize the different
levels of risk of exposure to BTV (negligible, low, high and very high)
included the following:

* The probability of the presence of the main vector (Culicoides imi-
cola) was determined using the maximum entropy model (MaxEnt
version 3.4.1, http://www.cs.princeton.edu/wschapire/MaxEnt/)
(Phillips et al., 2006), the climatological factors (temperature and
rainfall) and the presence/absence data on the vector retrieved from
previous studies on vector trapping in Tunisia (Chaker et al., 2005;
Hammami et al., 2008; Slama et al., 2016; Slama et al., 2014; Slama
et al,, 2015; Sghaier et al., 2017). The probability of the presence of
the vector in the generated raster was calculated at the sector level
using ArcGlIS software version 10.4.

* Sheep population density expressed in units of the number of
heads/km? at the sector level was calculated using Gridded Live-
stock of the World animal density data set (Robinson et al., 2014)
and the area of sectors, which was performed with ArcGIS software
version 10.4.

* National livestock movement data: A cross-sectional survey was
conducted by the national Center for Zoosanitary Vigilance (CNVZ)
at all livestock markets in Tunisia. Data on the origin/destination,
number of animals and traded species of all movements that
had occurred during the survey were registered. The degree and
betweenness of the recorded flows were calculated using social net-
work analysis at the sector level (Baccar et al., 2018; Martinez-Lopez
etal, 2009).

To combine these risks, all quantitative risk factors (sheep popu-
lation density, probability of the presence of the vector and degree
and betweenness of the national livestock movement) were discretized
(quantiles) into four qualitative categories of risk according to their dis-
tribution per sector (negligible, low, high and very high) (Table 1).

For the qualitative risk factors, only two classes were established:
absence and presence and were coded as zero and one, respectively.

To enable categorized risks to be viewed in an easily understandable
format, each categorized risk factor was mapped at the sector level.
Finally, classified risk factors were combined using the Boolean combi-
nation at the level of sector as Squarzoni-Diaw et al., 2020 did for foot
and mouth disease (FMD) (Squarzoni-Diaw et al., 2020) (Figure 1).

The following are the expected prevalence rates in the four risk

strata (very high, high, low and negligible) (Figure 1):

* Avery highrisk stratum with an expected prevalence rate p1 of 50%.
There are 453 sectors in this stratum.
* A high risk stratum with an expected prevalence rate p2 of 40%.

There are 536 sectors in this stratum.

TABLE 1 Combination table of risk factors to estimate the risk of
exposure of bluetongue (BT) in Tunisian sectors

Sector risk level Qualitative combination of risk factors

4:Very high [“very high” sheep density AND “very high”

probability of vector] OR [“very high”
probability of vector AND “very high SNA
degree and betweenness]

3: High [“high” sheep density AND “high” probability of

vector] OR [“high” probability of vector AND
“high SNA degree and betweenness”]

2:Low [“low” sheep density AND “low” probability of

vector] OR [“low” probability of vector AND
“low SNA Degree and Betweenness”]

1: Very low All remaining sectors

A low risk stratum with an expected prevalence rate p3 of 15%.
There are 574 sectors in this stratum.

* A negligible stratum with an expected prevalence rate p4 of 10%.
There are 521 sectors in this stratum.

A total of 67 randomly sampled sectors were needed. The num-
ber of required sectors in each risk category was calculated based on
an absolute precision of 2.5% and a risk error of 5%. These 67 sec-
tors were distributed as follows: 15, 17, 18 and 17 sectors from very
high, high, low and negligible risk areas, respectively. Fifty animals per
sector were randomly sampled. Animals younger than 4 months were
excluded from the sampling to avoid the detection of antibodies due
to maternal immunity. A total of 3350 samples were needed and 3314
were collected in sheep in 333 flocks during the period of the study.
The gap in the number of samples corresponds to the number of sam-

ples discarded because of insufficient quantity or broken tubes.

2.2 | Data collection and questionnaire design

The study was conducted between November 2019 and January 2020,
as this period coincides with the highest levels of seroconversion in the
animals in the study. Data on breeders and animals were collected using
a structured questionnaire. First, the questionnaire was pretested in
10 flocks to verify whether the questions were understandable by
both investigators and breeders. Data collected included information
on breeders and farms (number of animals, geographical coordinates,
history of BTV in the farm and in neighbouring farms and vaccination
against BT) and on sampled animals (age, sex and breed). Questions
on risk factors related to exposure to the BTV both in animals (age,
sex, breed, housing) and flocks (flock size, presence of stagnant water,
proximity to wetlands, grazing near wetlands, production system,
exchange of animals and introduction of new animals) were included.
Face-to-face interviews were conducted with breeders to collect
data.
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TABLE 2 Distribution of the 200 samples selected for the serum
neutralization test according to the governorates

Governorate Samples Percentage
Ariana 7 35
Beja 5 2.5
Ben arous 10 5
Bizerte 11 55
Gabes 6 3
Gafsa 7 35
Jendouba 2 1
Kairouan 29 14.5
Kasserine 14 7
Kébili 2 1
Mahdia 8 4
Mannouba 8 4
Médenine 3 15
Monastir 3 15
Nabeul 3 15
Sfax 3 1.5
Sidi bouzid 48 24
Siliana 5 25
Sousse 4 2
Tataouine 8 4
Tozeur 5 25
Tunis 5 25
Zaghouan 4 2
Total 200 100
2.3 | Blood samples and laboratory analysis

A total of 3314 sera were collected and tested using a commer-
cial competitive enzyme-linked immunosorbent assay (c-ELISA) kit (ID
SCREEN® Bluetongue Competition ELISA, IDVet, Grabels, France)
according to the manufacturer’s instructions. Sera with a percent-
age inhibition of <35% were considered positive. Samples with a per-
centage inhibition between 35% and 45% were retested, and those
above 45% were classified as negative. Sera with doubtful results were
retested. Among the ELISA-positive samples, 200 were selected based
on seropositivity and representativeness of the governorates, with the
exception of one governorate where samples were not analysed as they
showed weak ELISA-positive results. The number of samples ranged
between two and 48 (Table 2). The 200 samples were sent to the
OIE Reference Laboratory for Bluetongue (IZSAM) Teramo, ltaly, to
identify serotypes by serum-neutralization test (SNT) assay using the
reference serotypes 1, 2, 4, 6, 8, 9, 14, 15, 16 and 26 (Gard & Kirk-
land, 1993; Savini et al., 2004). Duplicate technical replicates were per-
formed for the SNT.

BTV serotypes
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FIGURE 2 Bluetongue virus (BTV) serotypes circulating across 67
sampled sectors (n = 200 sheep sera) in Tunisia between November
2019 and January 2020 as identified by serum neutralization test
following a positive competitive enzyme-linked immunosorbent assay
(c-ELISA) result

2.4 | Data analysis

Data entered into Microsoft Access were analysed using R software
version 3.4 (R Core Team, 2017). Environmental Systems Research
Institute (ESRI) Maps in Figures 1 and 2 were generated with ArcGIS
version 10.4 (https://www.esri.com/). The overall seroprevalence of
BTV was calculated by dividing the total number of positive samples in
c-ELISA by the total number of tested samples. Flock size was divided
into three classes based on the quartile classification method (Ross,
2014). Animals were grouped into three classes of age (Class 1: <24
months; Class 2: >24 months to <48 months; Class 3: >48 months).
Associations between the seroprevalence and its potential risk factors
were first screened in a univariable analysis using the chi-square test,
and the significance level a was set at p <0.05. Then, multivariable anal-
ysis using a logistic regression model (LRM) was performed using the
significant results of the univariable analysis (significance level a was
set at p <0.02). Odds ratios (ORs) and their 95% confidence intervals
(95% Cls) were calculated using R software. BTV seroprevalence was
considered the dependent variable and significant risk factors were
considered independent variables.
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TABLE 3 Sroprevalence of bluetongue (BT) infection in Tunisian sheep according to the category of the risk areas

Negative Positive

Risk category samples samples
Very high 437 306
High 502 346
Low 529 361
Negligible 516 317
Total 1984 1330

3 | RESULTS

3.1 | BTV seroprevalence

Out of the 3314 samples, 1330 sera showed antibodies against BTV by
c-ELISA. The overall seroprevalence of BTV among sheep surveyed in
Tunisiawas 40.1% (1330/3314; 95% Cl: 38.4%, 41.8%). The seropreva-
lence was homogeneously (p = 0.55) distributed among the four cate-
gories of risk areas, and no significant variation was detected (Table 3).
The seroprevalence varied significantly at the governorate level
(p=0.000). The lowest seroprevalence (20.5% [41/200]) was recorded
in Jendouba (northwest Tunisia). High values of seroprevalence were
observed in the central (Kairouan 62.8% [125/199], Sousse 56%
[56/100]), southern (Tataouine 73.4% [36/49]) and northern gover-
norates (Kef 58.8% [53/90], Mannouba 48.9% [48/98]) (Table 4).

3.2 | Strain typing and identification

Out of the 200 positive samples in c-ELISA, which were analysed by
the SNT test to identify BTV serotypes, 105 samples had neutraliz-
ing antibodies, which represented 52.5% of the tested samples. Titres
range from 1:10 to more than 1:640 against one or more of the fol-
lowing serotypes: BTV-1, BTV-2, BTV-3, BTV-4 and BTV-26. The high-
est titres for BTV-1 and BTV-2 were 1:640 and 1:320, respectively,
recorded in the governorate of Sidi Bouzid (centre of Tunisia). For
BTV-3, the highest titre (1:320) was detected in the governorate of
Gabes (south of Tunisia). However, for BTV-4 only low titres (1:10 and
1:20) were recorded in eight governorates from the north, centre and
south of Tunisia. BTV-26 was discovered in sheep for the first time
in the north (Bizerte governorate), the centre (Sousse and Sfax gov-
ernorates) and the south (Medenine, Kebili governorates) (Figure 2).
Titres ranged between 1:10 and 1:80. The highest titre was regis-
tered in the governorate of Kebili (south of Tunisia). BTV-1 was the
most prevalent serotype (33.3%), followed by BTV-3 (13.3%), BTV-2
(8.6%), BTV-4 (3.8%) and BTV-26 (1%). We found that 60% (63/105) of
samples showed the presence of neutralizing antibodies against only
one serotype. The results highlighted double, triple or quadruple infec-
tions in 40% of the samples. The combination of BTV-1 with BTV-4
was the most predominant (14 samples), followed by the circulation of
BTV-1 with BTV-2 (nine samples). In the central governorates, infec-
tion with four serotypes (BTV-1, BTV-2, BTV-3 and BTV-4) or (BTV-1,

Total Seroprevalence (%) 95% CI
743 41.2 37.6%-44.7%
848 40.8 37.4%-44.1%
890 40.6 37.3%-43.7%
833 38.1 34.7%-41.3%
3314 40.1 38.4%-41.8%

BTV-2, BTV-3 and BTV-26) was observed in three samples. BTV-1 is
the only serotype identified in the northwest governorates (Siliana and
Beja). No serotypes were identified in the governorates of Jendouba
and Tataouine.

3.3 | Risk factors associated with the
seroprevalence of BTV

Univariate analysis showed that five of the 14 analysed factors (age,
housing, production system, flock size and BTV history on the farm)
were statistically significantly associated with the seroprevalence of
BTV. Older animals (>48 months) were more frequently infected by
BTV and appeared more at risk than young animals (< 24 months)
(p = 0.0000). The flock level risk factors housing (indoors/outdoors),
production system, flock size and BTV history on the farm were signif-
icantly associated with the seroprevalence of BTV (p <0.05) (Table 5).
Housing sheep outdoors was found to be associated with a decreased
risk of seropositivity for BTV (p = 0.008). In addition, smaller flock sizes
were found to be a protective factor (p = 0.02). For the production sys-
tems, the lowest seroprevalence was found to be associated with inten-
sive farming systems (p = 0.01). However, breed, proximity to wetlands,
presence of stagnant water, grazing near wetlands, introduction of new
animals, presence of BTV in neighbouring farms, exchange of animals
and presence of cattle in the farm were found to be not significant
(p>0.05).

In the final mixed effects logistic regression model, older ani-
mals (>48 months) had a nearly two times (OR = 1.6, 95% Cl = 1.32-
1.93) higher risk of being infected by BTV than younger animals (<24
months) (p <0.001). Flock size was a significant protective factor for
small flocks, and a decrease in flock size on the farm decreased the risk
of being positive for BTV (p = 0.02). Similarly, the intensive production
system (OR = 0.68, 95% Cl| = 0.53-0.87) and housing indoors (OR =
0.72,95% Cl = 0.58-0.88) were identified as protective factors. Flocks
with a history of BTV have a two times (OR = 1.5,95% Cl = 1.11-2.02)
higher risk of being infected by BTV than noninfected flocks (Table 6).

4 | DISCUSSION

The current surveillance programme for BT in Tunisia is based on a

passive component consisting of direct detection of the suspected
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TABLE 4 Seroprevalence of bluetongue virus (BTV) infection in sheep based on competitive enzyme-linked immunosorbent assay (c-ELISA)

according to the Tunisian governorates

Number of tested Positive

Governorate animals samples Seroprevalence (%) 95% CI
Jendouba 200 41 20.5 14.9-26
Tunis 90 22 244 15.5-33.3
Monastir 110 28 254 17.3-335
Tozeur 100 26 26 17.4-34.5
Medenine 100 29 29 20.1-37.3
Kasserine 150 45 30 22.6-37.3
Gabes 100 32 32 22.8-41.1
Siliana 199 69 34.6 28-41.2
Kebili 99 36 36.3 26.8-45.8
Ben Arous 150 55 36.6 28.8-44.3
Mahdia 190 72 37.8 30.9-44.7
Beja 100 38 38 28.4-47.5
Gafsa 150 59 39.3 31.5-47.1
Sidi Bouzid 299 125 418 36.2-47.3
Nabeul 196 82 418 34.9-48.7
Ariana 200 86 43 36.1-49.8
Bizerte 198 93 46.9 40-53.9
Zaghouan 50 24 48 34.1-61.8
Mannouba 98 48 48.9 39-58.8
Sfax 97 50 515 41.6-61.4
Sousse 100 56 56 46.2-65.7
Le Kef 90 53 58.8 48.7-69
Kairouan 199 125 62.8 56-69.5
Tataouine 49 36 73.4 61.1-85.8

clinical cases. However, depending on the climatic changes and the
intensity of the uncontrolled animal movement, passive surveillance
alone may not be sufficient to monitor the disease due to the occur-
rence of subclinical cases. It is foreseen that supplementing existing
passive surveillance with risk-based targeted sampling will increase
the chances of detecting the infection (Mastin et al., 2020; Stark et al.,
2006). Here, we present the results of a risk-based serological surveil-
lance study investigating BTV seroprevalence and the circulation of
different BTV serotypes in sheep across 67 sectors of Tunisia. The
primary step consisted of identifying risk areas according to the occur-
rence of BTV. Classification and categorization of risk factors at the
sector level were adapted from the methodology recently applied to
FMD in Tunisia (Squarzoni-Diaw et al., 2020). Samples were collected
from 67 sectors classified into four categories of risk (negligible, low,
high and very high). Overall, our results show that the seroprevalence
rate of BTV was 40.1% among sheep in Tunisia. This is higher than
the seroprevalence rates in sheep reported in Morocco (33.3%-37%),
Algeria (Moustafa et al., 2016) (5.7%) and Ethiopia (30.6%) (Abera
et al,, 2018) but lower than what was found in Libya (50.3%) (Mahmoud
et al 2019), Iran (76.4%) (Hasanpour et al., 2008), Pakistan (44.2%)

(Sohail et al., 2018) and Saudi Arabia (Yousef et al., 2012). However, the
seroprevalence rates identified in this study should be interpreted with
some caution. While it is known that the flocks selected for this survey
were not vaccinated against BTV at the time (the vaccination of sheep
flocks in Tunisia against BTV was stopped in 2017), their origin and
past vaccination history were not always known, so seroprevalence
data could reflect vaccination status in animals born before 2017.

The highest values of seroprevalence were recorded in the centre of
Tunisia (governorates of Kairouan and Sousse) and the northern gov-
ernorate (Mannouba), where BT clinical cases are recorded every year.
Culicoides imicola, the main vector of BTV throughout Africa, was the
most abundant species in the central and northern Tunisia (Hammami
et al., 2008; Slama et al., 2017; Thameur et al., 2021). The high number
of positive samples in the south of Tunisia (governorate of Tataouine),
where Culicoides imicola was not detected (Hassine et al., 2017), can
be explained by animal movement (Mintiens et al., 2008; Sumner et al.,
2017; Turner et al., 2012) or the presence of other Culicoides species
vectors. This could also be related to the uncontrolled introduction
of animals from neighbouring countries (Elmahi et al., 2020). Lorusso

et al,, in a previous study conducted in Tunisia, detected a new strain of
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TABLE 5 Univariable (chi-square) analysis of the risk factors associated with bluetongue virus (BTV) seroprevalence in Tunisia
Number of
Negative Positive tested

Variable Croups Samples samples animals p Value

Age Class 1 (<24 months) 1007 584 1591 0.0000°
Class 2 (> = 24 and < = 48 months) 636 425 1061
Class 3 (>48 months) 341 321 661

Breed Barbarine 418 310 728 0.18
Queue fine de I'Ouest 1039 654 1693
Noir de Thibar 129 101 230
Others 398 265 663

Housing Indoor housing 220 189 409 0.008?
Qutdoor housing 1764 1141 2905

Production system Extensive 662 437 1099 0.012
Intensive 282 147 429
Semi-intensive 1040 746 1786

Proximity to wetlands Yes 1354 914 2268 0.8
No 630 416 1046

Presence of stagnant water Yes 465 295 760 0.4
No 1519 1035 2554

Flock size Large 462 357 819 0.022
Medium 1005 670 1675
Small 517 303 820

Grazing near wetlands Yes 624 436 1060 0.4
No 1360 894 2254

Introduction of new animals Yes 427 289 716 0.9
No 1557 1041 2598

BT history in the farm Yes 85 91 176 0.001?
No 1899 1239 3128

Presence of BT in neighbouring farms Yes 37 33 70 0.2
No 1737 1117 2854

Exchange of animals Yes 369 269 638 0.2
No 1615 1061 2676

Presence of cattle in the farm Yes 570 393 963 0.6
No 1414 937 2351

aVariables selected and used in the multiple analysis (p < 0.02).

BTV, named BTV-Y TUN2017, in sheep originating from Libya (Lorusso
et al., 2018), which is an atypical strain where the transmission is hor-
izontal. Whether it is animal movement or the presence of the vector,
our study demonstrates the widespread seroprevalence of BTV among
sheep in Tunisia.

According to the SNT results, out of the 200 samples, 105 were posi-
tive for neutralizing antibodies. We did not analyse all c-ELISA-positive
samples by SNT for economic reasons. Neutralizing antibodies against
BTV-1, BTV-2, BTV-3, BTV-4, BTV-6, BTV-8, BTV-9, BTV-14, BTV-15,
BTV-16 and BTV-26 were analysed because these serotypes have been
circulating or circulated in the Mediterranean region (Kundlacz et al.,
2019; Mahmoud et al., 2019; Nomikou et al., 2009). As expected, the

results revealed the presence in Tunisia of four serotypes (BTV-1, BTV-
2, BTV-3 and BTV-4) that were sequenced during previous outbreaks.
Cocirculation of different BTV serotypes (2, 3 or 4) within the same
governorate and animal species was not unexpected since no tetrava-
lent vaccine for the circulating serotypes was used to control the dis-
ease. Similarly, uncontrolled animal movements could be the cause of
the permanent introduction of any of the four serotypes that circu-
late in neighbouring countries. It is important to identify the circulating
serotypes of BTV to adapt to the control programme, especially when
vaccination is the main measure used. Our results revealed multiple
infections with BTV serotypes, indicating the high risk of reassortment
events that could generate novel virus strains (Guimarées et al., 2017).
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TABLE 6 Multivariable analysis of the risk factors associated with bluetongue virus (BTV) seroprevalence in Tunisia
Variable Groups Odds ratios 95% ClI p Value
Age Ref. Class 1
Class 2 1.15 0.97-1.35 0.09
Class 3 16 1.32-1.93 <0.001
Production system Ref. = Extensive
Intensive 0.68 0.53-0.87 0.003
Semi-intensive 0.95 0.81-1.13 0.62
Housing Outdoors/indoors 0.72 0.58-0.88 0.002
BT history in the farm Yes/No 1.51 1.11-2.02 0.008
Flock size Ref. Large
Medium 0.81 0.68-0.98 0.02
Small 0.72 0.59-0.9 0.002

BTV-1 was the most prevalent serotype, with 33.3% of the analysed
samples suggesting the persistence of the circulation of this serotype
since the age of the positive animals with BTV1 varied between 6 and
24 months.

Interestingly, this study is the first to report anti-BTV-26 antibod-
ies detected in sheep sera in Tunisia. This serotype was detected for
the first time in sheep in Kuwait (Maan et al., 2011). The main char-
acteristic of this serotype was the absence of clinical signs and direct
transmission between ruminants without the presence of the vector
(Batten et al., 2014; Maclachlan et al., 2015). The detection of the
serotype BTV-26 for the first time in Tunisia was not surprising since
this serotype had recently circulated in Libya (Mahmoud et al., 2019). It
was reported that BTV-26 was introduced in Libya through illegal and
uncontrolled animal movement (Mahmoud et al., 2019). The presence
of BTV-26 in the governorate of Medenine is in favour of its introduc-
tion into Tunisia from Libya. In fact, uncontrolled animal movements
between Tunisia and Libya could facilitate the introduction of emerging
serotypes and other diseases (Bouguedour & Ripani, 2016; Kalthoum
et al., 2021). The circulation of BTV-26 in the centre (Gafsa, Kairouan,
Sousse and Sfax governorates) and in northern Tunisia (Bizerte gov-
ernorate) could be explained by its spread via animal movement in
livestock markets (Baccar et al., 2018). It was demonstrated that the
mobility of animals at the national level occurs throughout the coun-
try with a concentration in the centre and the north and where
several livestock markets were qualified as a superspreader of the dis-
eases (Baccar et al., 2018). Tunisia is at a permanent risk of intro-
duction of new serotypes of BTV, such as BTV-9 and BTV-16 identi-
fied in Libya (Mahmoud et al., 2019) and BTV-8, BTV-14 and BTV-16
detected in Morocco (Drif et al., 2018; Drif et al., 2014). Our results
showed that 95 samples were not positive for SNT. In this study, only
serotypes BTV-1, BT-V2, BT-V3, BTV-4, BTV-6, BTV-8, BTV-9, BTV-
14, BTV-15, BTV-16 and BTV-26 were investigated because these are
the main serotypes circulating in the Mediterranean region. Conse-
quently, the 95 samples could be positive for other serotypes that
have not been evaluated, such as atypical serotypes found in Tunisia

previously (Lorusso et al., 2018) or classical serotypes. Moreover, no

serotypes were identified in Tataouine and Jendouba, suggesting that
there could be other serotypes circulating in these governorates. Fur-
ther investigation targeting serotypes other than those known to circu-
late in the Mediterranean area, especially atypical serotypes, would be
recommended.

Fourteen risk factors were investigated with univariable and multi-
variable analyses using a LRM. Only six factors were associated with
the variation in BTV seroprevalence. The current study revealed a sta-
tistically significant association between age and the seroprevalence
of BTV, which increased with increasing age of the sampled animals,
probably reflecting an increased duration of exposure. This result is
comparable to those of studies conducted in different areas worldwide
(Christie, 2010; Mahmoud & Khafagi, 2014; Mohammadi et al., 2012;
Yilma & Mekonnen, 2015). In contrast, no association between age
and BTV seroprevalence was found in the study conducted by Mozaf-
fari and Khalili (2012). Here, a significant relationship was identified
between BTV seroprevalence, flock size and intensive production sys-
tems. Our results suggest that a small flock size and intensive pro-
duction system are protective factors. This result can be explained by
the fact that in intensive systems, farms have better management of
disease prevention and control and biosecurity measures (Gong et al.,
2021). Similar results were found in studies conducted in Spain assess-
ing risk for BTV-1 (Pascual-Linaza et al., 2014) and in Nepal (Gaire et al.,
2014). Furthermore, economic losses due to BT are higher in semi-
intensive farms than in other production systems (Kumar & Pandian,
2020).

For the management practices (housing indoors/outdoors), a high
seroprevalence rate of BTV was detected in the farms where animals
were kept indoors compared to those kept outdoors. Our result is in
disagreement with previous studies that demonstrated that indoor
animals are expected to be more exposed to infected vectors and
BTV infection (Adam et al., 2014). However, the indoor and outdoor
behaviour of Culicoides is strongly influenced by temperature and
climatic conditions (Jess et al., 2018), and the high prevalence found
in animals kept indoors could be due to the presence of the vector

inside the buildings, as the investigation was carried out in winter.
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This result can also be explained by the probability of the presence
of vectors in Tunisia other than Culicoides imicola that are able to
transmit the disease. The endophilic behaviour of many species of
Culicoides has been reported in many studies worldwide. In Belgium,
the number of Culicoides trapped indoors was 15-22 times higher
than that in outdoor environments (Zimmer et al., 2010). Baldet T
et al,, in a study conducted in France, described for the first time the
indoor activity of several species of Culicoides, such as C. obsoletus,
C. scoticus and C. dewulfi, known by their outdoor activity (Baldet
et al., 2008). In eastern Slovakia, high abundances of C. punctatus
and C. newsteadi were detected indoors, suggesting variation in the
behaviour of these species (Sarvasova et al., 2016). Overall, there is a
crucial need to conduct further investigation to advance knowledge
on the ecology of Tunisian Culicoides species to better control the
disease.

Additionally, this study highlighted gaps in knowledge in many areas,
such as vector specificity (abundance, behaviour in different climatic
conditions and competence of other species of Culicoides), the circulat-
ing serotypes of BTV that influence the control of the disease. There-
fore, further investigations are highly recommended to confirm the ori-
gin and identify the routes of spread of the introduced serotypes and to

improve knowledge on the ecology of the main vector.

5 | CONCLUSION

Our results indicate a high seroprevalence of BTV among sheep and
widespread BT disease across Tunisia. Five serotypes were detected in
this study, and multiple infections were highlighted. This finding is cru-
cial, as it will allow the adjustment of the BT control program in Tunisia.
For the first time, we discovered the circulation of BTV-26 in Tunisia.
Age, production system and flock size were important variables associ-
ated with BTV infection in sheep. Despite climate change and the cir-
culation of many serotypes in neighbouring countries, the mass vac-
cination campaign had been stopped since 2017. The control of this
endemic disease has become a challenge for veterinary services. Thus,
the national BTV surveillance and control strategy needs to be rein-
forced through the implementation of systematic active surveillance,
the development of an early warning system based on eco-climatic

variables and the establishment of a database for animal movement.

ACKNOWLEDGEMENTS
This work has been written in the framework of the Project PRIMA:
BLUEMED, funded in part by the Ministry of Higher Education and Sci-

entific Research, Tunisia.

CONFLICT OF INTEREST
The authors declare no conflic of interest. The funders had no role in
the study (sampling, analyses, interpretation of results) or in the deci-

sion to publish the results.

AUTHOR CONTRIBUTIONS

Conceptualization: Kalthoum Sana and Seghaier Chedia; Formal anal-
ysis: Kalthoum Sana, Sghaier Soufien, Teodori Liana, Spedicato Mas-
simo, Savini Giovanni, Thabet Sarah and Hammami Salah; Investiga-
tion: Guesmi Kaouther, Gharbi Raja, Hajlaoui Haikel, Bel Haj Mohamed
Bassem, Khalfaoui Wiem, Lachtar Monia, Ben Salem Ameni, Fatnassi
Naouel and Dhaouadi Anissa; Data curation: Ben Ali Mehdi; Writing -
original draft: Kalthoum Sana, Seghaier Chedia, Ben Hassine Thameur,
Savini Giovanni, Ben Ali Mehdi and Hammami Salah; Writing - review

and editing: Kalthoum Sana, Seghaier Chedia and Hammami Salah.

DATA AVAILABILITY STATEMENT

no data are available.

ETHICAL DISCLOSURES

The authors declare that the study was conducted according to the
national guidelines without causing harm to the animals and respecting
their welfare. The authors also declare that the data related to breed-
ers have not been published.

ORCID
Kalthoum Sana "= https://orcid.org/0000-0001-8557-8028
Sghaier Soufien "= https://orcid.org/0000-0003-3608-9919

Ben Hassine Thameur "' https://orcid.org/0000-0001-8525-2087
https://orcid.org/0000-0001-5533-0099
https://orcid.org/0000-0001-6568-5504
https://orcid.org/0000-0002-2090-9700
https://orcid.org/0000-0002-9006-7887
https://orcid.org/0000-0002-0094-4226
https://orcid.org/0000-0002-0711-1614
https://orcid.org/0000-0001-9394-4948
https://orcid.org/0000-0001-7933-7367

TeodoriLiana
Spedicato Massimo
Guesmi Kaouther
Ben Salem Ameni
Fatnassi Naouel
Dhaouadi Anissa
Ben Ali Mehdi

Savini Giovanni

REFERENCES

Abera, T, Bitew, M., Gebre, D., Mamo, Y., Deneke, Y., & Nandi, S. (2018).
Bluetongue disease in small ruminants in south western Ethiopia: Cross-
sectional sero-epidemiological study. BMC Research Notes, 11, 112.
https://doi.org/10.1186/s13104-018-3222-z

Adam, I. A., Abdalla, M. A, Mohamed, M. E., & Aradaib, I. E. (2014). Preva-
lence of bluetongue virus infection and associated risk factors among
cattle in North Kordufan State, Western Sudan. BMC Research Notes, 10,
94. https://doi.org/10.1186/1746-6148-10-94

Alkhamis, M. A, Aguilar-Vega, C., Fountain-Jones, N. M,, Lin, K., Perez, A.
M., & Sanchez-Vizcaino, J. J. (2020). Global emergence and evolutionary
dynamics of bluetongue virus, 2020. .Nature, 10,21677.

Baccar, M. N,, Kalthoum, S., Cherni, J., Coste, C., & Squarzoni, C. (2018). Ani-
mal movement in Tunisia using social network analysis. 6th International
Symposium on Animal Mortality Management, Amarillo, Texas.

Baldet, T., Delécolle, J. C., Cétre-Sossah, C., Mathieu, B., Meiswinkel, R., &
Gerbier, G.(2008). Indoor activity of Culicoides associated with livestock
in the bluetongue virus (BTV)-affected region of northern France during
autumn 2006. Preventive Veterinary Medicine, 87(1-2), 84-97. https://doi.
org/10.1016/j.prevetmed.2008.06.014


https://orcid.org/0000-0001-8557-8028
https://orcid.org/0000-0001-8557-8028
https://orcid.org/0000-0003-3608-9919
https://orcid.org/0000-0003-3608-9919
https://orcid.org/0000-0001-8525-2087
https://orcid.org/0000-0001-8525-2087
https://orcid.org/0000-0001-5533-0099
https://orcid.org/0000-0001-5533-0099
https://orcid.org/0000-0001-6568-5504
https://orcid.org/0000-0001-6568-5504
https://orcid.org/0000-0002-2090-9700
https://orcid.org/0000-0002-2090-9700
https://orcid.org/0000-0002-9006-7887
https://orcid.org/0000-0002-9006-7887
https://orcid.org/0000-0002-0094-4226
https://orcid.org/0000-0002-0094-4226
https://orcid.org/0000-0002-0711-1614
https://orcid.org/0000-0002-0711-1614
https://orcid.org/0000-0001-9394-4948
https://orcid.org/0000-0001-9394-4948
https://orcid.org/0000-0001-7933-7367
https://orcid.org/0000-0001-7933-7367
https://doi.org/10.1186/s13104-018-3222-z
https://doi.org/10.1186/1746-6148-10-94
https://doi.org/10.1016/j.prevetmed.2008.06.014
https://doi.org/10.1016/j.prevetmed.2008.06.014

SANAET AL.

0 | WILEY

Batten, C., Darpel, K., Henstock, M., Fay, P,, Veronesi, E., Gubbins, S., Graves,
S., Frost, L., & Oura, C. (2014). Evidence for transmission of bluetongue
virus serotype 26 through direct contact. PLoS One, 9(5),€96049. https://
doi.org/10.1371/journal.pone.0096049

Ben Fred;j, S., Breard, E., Sailleau, C., Zientara, S., Zekri, S., Boudabbous, A., &
Hammami, S. (2003). « Incursion de la fiévre catarrhale ovine en Tunisie:
Caractérisation moléculaire des isolats viraux ». Revue d’élevage et de
médecine vétérinaire des pays tropicaux, 56(3-4), 121-127. https://doi.org/
10.19182/remvt.9852

Bouguedour, R., & Ripani, A. (2016). Review of the foot and mouth disease
situation in North Africa and the risk of introducing the disease into
Europe. Rev Sci Tech, 35(3), 757-768. https://doi.org/10.20506/rst.35.3.
2566

Chaignat, V., Worwa, G., Scherrer, N., Hilbe, M., Ehrensperger, F., Batten,
C., Cortyen, M., Hofmann, M., & Thuer, B. (2009). Thuer Toggenburg
Orbivirus, a new bluetongue virus: Initial detection, first observations in
field and experimental infection of goats and sheep. Veterinary Microbiol-
ogy, 138(1-2), 11-19. https://doi.org/10.1016/j.vetmic.2009.02.003

Chaker, E., Sfari, M., Rabhi, M., Rouis, M., Babba, H., & Azaiez, R. (2005). Note
faunistique sur les Culicoides (Diptera, Ceratopogonidae) du gouvernorat
de monastir (Tunisie). Parasite, 12, 359-361.

Christie, M. (2010). Prevalence and risk factors associated with bluetongue virus
among Colorado sheep flocks [MSc Thesis]. Department of Clinical Sci-
ences, Colorado State University, pp. 45-60.

Dhaou, S. B. (2017). Etude de la maladie épizootique hémorragique en
Tunisie. Sciences Agricoles, Université Paris-Est, Faculté des sciences
de Bizerte (Tunisie), 2017. Francais. ffNNT: 2017PESCO0023ff. fftel-
01763049.

Drif, K., Loutfi, C., Fassi Fihri, O., Sebbar, G., Ennaji, M. M., & El Harak, M.
(2014). Bluetongue virus (BTV) serological survey and evidence of emer-
gent BTV8 serotype in Morocco. Journal of Agriculture, Science and Tech-
nology, 4, 353-358.

Drif, K., Venter, G., El Harrak, M., Fihri, O. F,, Loutfi, C., Touil, N., & Harif,
B. (2018). The value of camels as sentinels for bluetongue virus in
Morocco. Veterinaria Italiana, 54(4), 343-348. https://doi.org/10.12834/
vetit.1502.8097.1

Elmahi, M. M,, Karrar, A., Elhassan, A., Hussien, M. O., Enan, K. A., Mansour,
M. A, & Hussein, A. E. (2020). Serological investigations of bluetongue
virus (BTV) among sheep and goats in Kassala State, Eastern Sudan. Vet-
erinary Medicine International, 2020, 1-7.

Environmental Systems Research Institute (ESRI). ArcGIS 10.4, ESRI Inc.
Redlands, CA, USA. (https://www.esri.com/)

European Food Safety Authority. (2007). Scientific opinion of the scientific
panel on animal health and welfare on request from the European Com-
mission on bluetongue vectors and vaccines. The EFSA Journal, 479, 1-29.

Gahn, M. C. B.,Niakh, F,, Ciss, M., Seck, |., Lo, M. M,, Fall, A. G, Biteye, B., Fall,
M., Ndiaye, M., Ba, A,, Seck, M. T, Sall, B., Lo, M., Faye, C., Squarzoni-Diaw,
C.,Ka, A, Amevoin, Y., & Apolloni, A. (2020). Assessing the risk of occur-
rence of bluetongue in Senegal. Microorganisms, 8, 1766. https://doi.org/
10.3390/microorganisms8111766

Gaire, T. N., Karki, S., Dhakal, I. P, Khanal, D. R, Joshi, N. P, Sharma, B., &
Bowen, R. A. (2014). Cross-sectional serosurvey and associated factors
of bluetongue virus antibodies presence in small ruminants of Nepal.
BMC Research Notes, 7, 691. https://doi.org/10.1186/1756-0500-7-691

Gard, G. P, & Kirkland, P. D. (1993). Bluetongue virology and serology. In L.
A.Corner &T. J. Bagust (Eds.), Australian standard diagnostic techniques for
animal diseases (pp. 1-17). CSIRO Information Services.

Gethmann, J., Probst, C., & Conraths, F. J. (2020). Economic impact of a blue-
tongue serotype 8 epidemic in Germany. Frontiers in Veterinary Science, 7,
65. https://doi.org/10.3389/fvets.2020.00065

Gong, Q.L.,Wang, Q,, Yang, X. Y., Li,D. L., Zhao, B.,Ge, G. Y., Zong, Y., Li, J. M.,
Leng, X., Shi, K., Liu, F., & Du, R. (2021). Seroprevalence and risk factors of
the bluetongue virus in cattle in China from 1988 to 2019: A comprehen-
sive literature review and meta-analysis. Frontiers in Veterinary Science, 7,
550381. https://doi.org/10.3389/fvets.2020.550381

Guimaraes, L. L. B., Rosa, J. C. C,, Matos, A. C. D, Cruz, R. A. S., Guedes, M.,
Dorella, F. A, Figueiredo, H. C. P, Pavarini, S. P, Sonne, L., Lobato, Z. I.
P, & Driemeier, D. (2017). ldentification of bluetongue virus serotypes
1, 4, and 17 co-infections in sheep flocks during outbreaks in Brazil.
Research in Veterinary Science, 113,87-93. https://doi.org/10.1016/j.rvsc.
2017.09.001

Hammami, S. (2004). North Africa: A regional overview of bluetongue virus,
vectors, surveillance and unique features. Veterinaria Italiana, 40(3), 43-
46.

Hammami, S., Bouzid, M., Hammou, F., Fakhfakh, E., & Delecolle, J. C. (2008).
Occurrence of Culicoides spp. (Diptera: Ceratopogonidae) in Tunisia, with
emphasis on the bluetongue vector Culicoides imicola. Parasite, 15(2),
179-81. https://doi.org/10.1051/parasite/2008152179

Hasanpour, A., Mosakhani, F., Mirzaii, H., & Mostofi, S. (2008). Sero-
prevalence of bluetongue virus infection in Sheep in East-Azerbaijan
province in Iran. Research Journal of Biological Sciences, 3, 1265-
1270.

Hassine, T. B., Amdouni, J., Monaco, F., Savini, G., Sghaier, S., Selimen, I. B.,
Chandoul, W., Hamida, K. B., & Hammami, S. (2017). Emerging vector-
borne diseases in dromedaries in Tunisia: West Nile, bluetongue, epi-
zootic haemorrhagic disease and Rift Valley fever. Onderstepoort Journal
of Veterinary Research, 84(1), e1-e3. https://doi.org/10.4102/0jvr.v84i1.
1316

Jacquot, M., Nomikou, K., Palmarini, M., Mertens, P, & Biek, R. (2017).
Bluetongue virus spread in Europe is a consequence of climatic, land-
scape and vertebrate host factors as revealed by phylogeographic infer-
ence. Proceedings of the Royal Society B: Biological Sciences, 284(1864),
20170919. https://doi.org/10.1098/rspb.2017.0919

Jess, S., Thompson, G. M., Clawson, S., Forsythe, I. W. N, Rea, |., Gordon,
A. W., & Murchie, A. K. (2018). Surveillance of biting midges (Culicoides
spp.) in Northern Ireland: Influence of seasonality, surrounding habitat
and livestock housing. Medical and Veterinary Entomology, 32, 48-60.

Kalthoum, S., Arsevska, E., Guesmi, K., Mamlouk, A., Cherni, J., Lachtar, M.,
Gharbi, R., Mohamed, B. B. H., Khalfaoui, W., Dhaouadi, A., Baccar, M. N,
Hajlaoui, H., Mzoughi, S., Seghaier, C., Messadi, L., Zrelli, M., Sghaier, S.,
Cétre-Sossah, C., Hendrikx, P,, & Squarzoni-Diaw, C. (2021). Risk-based
serological survey of Rift Valley fever in Tunisia (2017-2018). Heliyon,
7(9), e07932. https://doi.org/10.1016/j.heliyon.2021.e07932

Kardjadj, M., & Luka, P. D.(2016). Molecular epidemiology of foot and mouth
disease, bluetongue and pest de petites ruminants in Algeria: Historical
perspective, diagnosis and control. African Journal of Biotechnology, 15,
2474-2479.

Kilani, H., Haj Ammar, H., Khorchani, R., & Ben Hammouda, W. (2020).
Outil de Gestion de la crise Bluetongue. Webinaire OIE Régional sur
« les maladies a transmission vectorielle pour I'Afrique du Nord» 3
décembre 2020. https://rr-africa.oie.int/wp-content/uploads/2020/12/
11-tunisia-communication-outil-degestion-dela-crise-bluetongue.pdf

Kumar, S. S., & Pandian, A. S. S. (2020). Estimation of economic losses due
to bluetongue disease in sheep farms. Journal of Entomology and Zoology
Studies, 8(3), 853-856.

Kundlacz, C., Caignard, G., Sailleau, C., Viarouge, C., Postic, L., Vitour, D.,
Zientara, S., & Breard, E. (2019). Bluetongue virus in France: An illustra-
tion of the European and mediterranean context since the 2000s. Viruses,
11(7), 672. https://doi.org/10.3390/v11070672

Lorca-Oro, C., Lopez-Olvera, J. R., Ruiz-Fons, F., Acevedo, P, Garcia-
Bocanegra, |, Oleaga, A., Gortazar, C., & Pujols, J. (2014). Long-term
dynamics of bluetongue virus in wild ruminants: Relationship with out-
breaks in livestock in Spain, 2006-2011. PLoS One, 9(6), e100027.
https://doi.org/10.1371/journal.pone.0100027

Lorusso, A., Sghaier, S., Di Domenico, M., Barbria, M. E., Zaccaria, G.,
Megdich, A., Portanti, O., Seliman, I. B., Spedicato, M., Pizzurro, F.,
Carmine, |., Teodori, L., Mahjoub, M., Mangone, ., Leone, A., Hammami,
S., Marcacci, M., & Savini, G. (2018). Analysis of bluetongue serotype
3 spread in Tunisia and discovery of a novel strain related to the
bluetongue virus isolated from a commercial sheep pox vaccine.


https://doi.org/10.1371/journal.pone.0096049
https://doi.org/10.1371/journal.pone.0096049
https://doi.org/10.19182/remvt.9852
https://doi.org/10.19182/remvt.9852
https://doi.org/10.20506/rst.35.3.2566
https://doi.org/10.20506/rst.35.3.2566
https://doi.org/10.1016/j.vetmic.2009.02.003
https://doi.org/10.12834/vetit.1502.8097.1
https://doi.org/10.12834/vetit.1502.8097.1
https://www.esri.com/
https://doi.org/10.3390/microorganisms8111766
https://doi.org/10.3390/microorganisms8111766
https://doi.org/10.1186/1756-0500-7-691
https://doi.org/10.3389/fvets.2020.00065
https://doi.org/10.3389/fvets.2020.550381
https://doi.org/10.1016/j.rvsc.2017.09.001
https://doi.org/10.1016/j.rvsc.2017.09.001
https://doi.org/10.1051/parasite/2008152179
https://doi.org/10.4102/ojvr.v84i1.1316
https://doi.org/10.4102/ojvr.v84i1.1316
https://doi.org/10.1098/rspb.2017.0919
https://doi.org/10.1016/j.heliyon.2021.e07932
https://rr-africa.oie.int/wp-content/uploads/2020/12/11-tunisia-communication-outil-degestion-dela-crise-bluetongue.pdf
https://rr-africa.oie.int/wp-content/uploads/2020/12/11-tunisia-communication-outil-degestion-dela-crise-bluetongue.pdf
https://doi.org/10.3390/v11070672
https://doi.org/10.1371/journal.pone.0100027

SANAET AL.

Infection, Genetics and Evolution, 59, 63-71. https://doi.org/10.1016/j.
meegid.2018.01.025

Ma, J,, Gao, X,, Liu, B., Chen, H., Xiao, J., & Wang, H. (2019). Epidemiology and
spatial distribution of bluetongue virus in Xinjiang, China. Peer-reviewed
Journal, 7,e6514. https://doi.org/10.7717/peerj.6514

Maan, S., Maan, N. S., Nomikou, K., Batten, C., Antony, F., Belaganahalli, M.
N., Samy, A. M., Reda, A. A., Al-Rashid, S. A, El Batel, M., Oura, C. A,
& Mertens, P. P. (2011). Novel bluetongue virus serotype from Kuwait.
Emerging Infectious Diseases, 17(5), 886-889. https://doi.org/10.3201/
eid1705.101742

Maclachlan, N. J., Mayo, C. E., Daniels, P. W,, Savini, G., Zientara, S., & Gibbs,
E.P.J.(2015). Bluetongue. Revue Scientifique Technical (International Office
of Epizootics), 34, 329-340. https://doi.org/10.20506/rst.34.2.2360

Mahmoud, A. S., Savini, G., Spedicato, M., Monaco, F., Carmine, |., Lorusso,
A., Francesco, T., Mazzei, M., Forzan, M., Eldaghayes, ., & Dayhum, A.
(2018). Exploiting serological data to understand the epidemiology of
bluetongue virus serotypes circulating in Libya. Veterinary Medicine and
Science, 5(1), 79-86. https://doi.org/10.1002/vms3.136

Mahmoud, A. S., Savini, G., Spedicato, M., Monaco, F., Carmine, |., Lorusso,
A., Francesco, T., Mazzei, M., Forzan, M., Eldaghayes, |., & Dayhum, A.
(2019). Exploiting serological data to understand the epidemiology of
bluetongue virus serotypes circulating in Libya. Veterinary Medicine and
Science, 5(1), 79-86. https://doi.org/10.1002/vms3.136

Mahmoud, M., & Khafagi, M. H. (2014). Seroprevalence of bluetongue in
sheep and goats in Egypt. Veterinary World, 7, 205-208.

Martinez-Lépez, B., Perez, A. M., & Sanchez-Vizcaino, J. M. (2009). Social
network analysis. Review of general concepts and use in preventive vet-
erinary medicine. Transboundary and Emerging Diseases, 56, 109-120.
https://doi.org/10.1111/j.1865-1682.2009.01073.x

Mastin, A. J., Gottwald, T. R, van den Bosch, F., Cunniffe, N. J., & Parnell,
S. (2020). Optimising risk-based surveillance for early detection of
invasive plant pathogens. PLoS Biology, 18(10), e3000863. https://doi.
org/10.1371/journal.pbio.3000863

Mintiens, K., Méroc, E., Faes, C., Abrahantes, J. C., Hendrickx, G., Staubach,
C., Gerbier, G., Elbers, A. R., Aerts, M., & De Clercq, K. (2008). Impact
of human interventions on the spread of bluetongue virus serotype 8
during the 2006 epidemic in north-western Europe. Preventive Veterinary
Medicine, 87(1-2), 145-161. https://doi.org/10.1016/j.prevetmed.2008.
06.010

Mohammadi, A., Tanzifi, P, & Nemati, Y. (2012). Seroepidemiology of blue-
tongue disease and risk factors in small ruminants of Shiraz suburb, Fars
province, Iran. Tropical Biomedicine, 29(4), 632-637.

Moustafa, K., Pam, D. L., & Meriem, H. B. (2016). Sero-epidemiology of blue-
tongue in Algerian ruminants. African Journal of Biotechnology, 15, 868-
871.

Mozaffari, A., & Khalili, M. (2012). The first survey for antibody against blue-
tongue virus in sheep flocks in southeast of Iran. Asian Pacific Journal of
Tropical Biomedicine, 2012,51808-51810.

Nomikou, K., Maan, S., Maan, N.S., & Mertens, P. P. C. (2009). Molecular epi-
demiology of Bluetongue virus serotype 9 in the Mediterranean region.
Revue D’élevage et de Médecine Vétérinaire des Pays Tropicaux, 62, 81-180.

Pascual-Linaza, A. V., Martinez-Lépez, B., Pfeiffer, D., Moreno, J. C,, Sanz, C.,
& Sanchez-Vizcaino, J. M. (2014). Evaluation of the spatial and temporal
distribution of and risk factors for Bluetongue serotype 1 epidemics in
sheep Extremadura (Spain), 2007-2011. Preventive Veterinary Medicine,
3,279-95.

Phillips, S. J., Anderson, R. P, & Schapire, R. E. (2006). Maximum entropy
modeling of species geographic distributions. Ecological Modelling, 190,
231-259.

R Core Team (2017). Version 3.4.1, R Core Team. https://www.R-project.
org/

Ries, C., Sharav, T., Tseren-Ochir, E. O., Beer, M., & Hoffmann, B. (2020).
Putative novel serotypes ‘33" and ‘35’ in clinically healthy small rumi-
nants in Mongolia expand the group of atypical BTV. Viruses, 13(1), 42.
https://doi.org/10.3390/v13010042

WILEY 12

Robinson, T. P, Wint, G. R. W,, Conchedda, G., Van Boeckel, T. P, Ercoli,
V., Palamara, E., Cinardi, G., D'aietti, L., Hay, S. I., & Gilbert, M. (2014).
Mapping the global distribution of livestock. PLoS One, 9(5), €96084.
https://doi.org/10.1371/journal.pone.0096084

Ross, S. M. (2014). Chapter 2 - Descriptive statistics. In S. M. Ross (Ed.),
Introduction to probability and statistics for engineers and scientists (5th
ed., pp. 9-51) Academic Press. https://www.sciencedirect.com/science/
article/pii/B9780123948113500022. https://doi.org/10.1016/B978-0-
12-394811-3.50002-2

Sarvasova, A. Kocisova, A, Liptakova, E., Hiavata, H. & Mathieu, B.
(2016). First insights into indoor and outdoor Culicoides activity related
to the risk period for Bluetongue virus transmission in Eastern Slo-
vakia. Acta Parasitol, 61(4), 743-755. https://doi.org/10.1515/ap-2016-
0103

Savini, G., Monaco, F., Migliaccio, P, Casaccia, C., Salucci, S., & Di Ventura,
M. (2004). Virological and serological responses in sheep following field
vaccination with bivalent live modified vaccine against bluetongue virus
serotypes 2 and 9. Veterinaria Italiana, 40, 631-634.

Slama, D., Babba, H., & Chaker, E. (2017). Culicoides spp. (Diptera: Cerato-
pogonidae) in Tunisia.

Slama, D., Chaker, E., Mathieu, B., Babba, H., Depaquit, J., & Augot, D.
(2014). Biting midges monitoring (Diptera: Ceratopogonidae: Culicoides
Latreille) in the governate of Monastir (Tunisia): species composition and
molecular investigations. Parasitology Research, 113,2435-2443. https://
doi.org/10.1007/s00436-014-3873-1

Slama, D., Chaker, E., Zrelli, S., Mathieu, B., Delecolle, J. C., Mezhoud, H., &
Babba, H. (2016). Culicoides (Diptera: Ceratopogonidae) fauna in central
Tunisia. Entomology, Ornithology and Herpetology, 5, 184. https://doi.org/
10.4172/2161-0983.1000184

Slama, D., Haouas, N., Mezhoud, H., Babba, H., & Chaker, E. (2015).
Blood meal analysis of culicoides (Diptera: Ceratopogonidae) in cen-
tral Tunisia. PLoS One, 10(3),e0120528. https://doi.org/10.137 1/journal.
pone.0120528

Sohail, T, Yaqub, T., Shafee, M., Abbas, T., Nazir, J., Ullah, N., Rabbani, M.,
Chaudhary, M. H., Mukhtar, N., Habib, M., Ul Rahman, A., Malik, A. 1.,
Ghafoor, A., Zahoor, M. Y., & Shabbir, M. Z. (2018). Seroprevalence of
bluetongue virus in small ruminants in Balochistan province, Pakistan.
Transboundary and Emerging Diseases, 65(5), 1272-1281. https://doi.org/
10.1111/tbed.12871

Squarzoni-Diaw, C., Arsevska, E., Kalthoum, S., Hammami, P, Cherni, J.,
Daoudi, A., Karim Laoufi, M., Lezaar, Y., Rachid, K., Seck, I., Ould Elmamy,
B., Yahya, B., Dufour, B., Hendrikx, P,, Cardinale, E., Muioz, F., Lancelot,
R., & Coste, C. (2020). Using a participatory qualitative risk assessment
to estimate the risk of introduction and spread of transboundary animal
diseases in scarce-data environments: A spatial qualitative risk analysis
applied to foot-and-mouth disease in Tunisia 2014-2019. Transboundary
and Emerging Diseases, 68(4). https://doi.org/10.1111/tbed.13920

Stark, K. D., Regula, G., Hernandez, J., Knopf, L., Fuchs, K., Morris, R. S.,
& Davies, P. (2006). Concepts for risk-based surveillance in the field
of veterinary medicine and veterinary public health: Review of current
approaches. BMC Health Services Research [Electronic Resource], 6, 20.
https://doi.org/10.1186/1472-6963-6-20

Sumner, T.,Orton, R. J., Green, D. M., Kao, R.R., & Gubbins, S. (2017). Quanti-
fying the roles of host movement and vector dispersal in the transmission
of vector-borne diseases of livestock. PLoS Computational Biology, 13(4),
€1005470. https://doi.org/10.1371/journal.pcbi.1005470

Thameur, B. H., Soufiéne, S., Haj Ammar, H., & Hammami, S. (2021). Spa-
tial distribution and habitat selection of Culicoides imicola: The potential
vector of bluetongue virus in Tunisia’. Onderstepoort Journal of Veterinary
Research, 88(1),a1861. https://doi.org/10.4102/0jvr.v88i1.1861

Turner, J., Bowers, R., & Baylis, M. (2012). Modelling bluetongue virus trans-
mission between farms using animal and vector movements. Science
Reports, 2, 319. https://doi.org/10.1038/srep00319

Walton, T. E. (2004). The history of bluetongue and a current global
overview. Veterinaria Italiana, 40(3), 31-38.


https://doi.org/10.1016/j.meegid.2018.01.025
https://doi.org/10.1016/j.meegid.2018.01.025
https://doi.org/10.7717/peerj.6514
https://doi.org/10.3201/eid1705.101742
https://doi.org/10.3201/eid1705.101742
https://doi.org/10.20506/rst.34.2.2360
https://doi.org/10.1002/vms3.136
https://doi.org/10.1002/vms3.136
https://doi.org/10.1111/j.1865-1682.2009.01073.x
https://doi.org/10.1371/journal.pbio.3000863
https://doi.org/10.1371/journal.pbio.3000863
https://doi.org/10.1016/j.prevetmed.2008.06.010
https://doi.org/10.1016/j.prevetmed.2008.06.010
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.3390/v13010042
https://doi.org/10.1371/journal.pone.0096084
https://www.sciencedirect.com/science/article/pii/B9780123948113500022
https://www.sciencedirect.com/science/article/pii/B9780123948113500022
https://doi.org/10.1016/B978-0-12-394811-3.50002-2
https://doi.org/10.1016/B978-0-12-394811-3.50002-2
https://doi.org/10.1515/ap-2016-0103
https://doi.org/10.1515/ap-2016-0103
https://doi.org/10.1007/s00436-014-3873-1
https://doi.org/10.1007/s00436-014-3873-1
https://doi.org/10.4172/2161-0983.1000184
https://doi.org/10.4172/2161-0983.1000184
https://doi.org/10.1371/journal.pone.0120528
https://doi.org/10.1371/journal.pone.0120528
https://doi.org/10.1111/tbed.12871
https://doi.org/10.1111/tbed.12871
https://doi.org/10.1111/tbed.13920
https://doi.org/10.1186/1472-6963-6-20
https://doi.org/10.1371/journal.pcbi.1005470
https://doi.org/10.4102/ojvr.v88i1.1861
https://doi.org/10.1038/srep00319

2 | WILEY

SANAET AL.

Yilma, M., & Mekonnen, M. (2015). Competitive enzyme-linked immuno-
sorbent assay (c-ELISA)-based sero-prevalence of bluetongue virus
(BTV) on small ruminants in selected areas of Wolyita, Southern
Ethiopia. Virology and Mycology, 4, 148. https://doi.org/10.4172/2161-
0517.1000148

Yousef, M. R., Al-Eesa, A. A., & Al-Blowi, M. H. (2012). High seroprevalence of
bluetongue virus antibodies in sheep, goats, cattle and camel in different
districts of Saudi Arabia. Veterinary World, 5, 389-393.

Youssef, L., Nomikou, K., Mounir, K., Mohammed, B., Ouafaa, F. F., & Mehdi,
E. H. (2017). Bluetongue in morocco 2004 to 2015: An overview. Journal
of Infectious Diseases and Epidemiology, 3,023. https://doi.org/10.23937/
2474-3658/1510023

Zimmer, J.-Y., Saegerman, C., Losson, B., & Haubruge, E. (2010). Breeding
sites of bluetongue virus vectors, Belgium. Emerging Infectious Diseases,
16,575-576. https://doi.org/10.3201/eid1603.091311

How to cite this article: Sana, K., Soufien, S., Thameur, B. H.,
Liana, T., Massimo, S., Kaouther, G., Raja, G., Haikel, H., Bassem,
B. H. M., Wiem, K., Monia, L., Ameni, B. S., Naouel, F., Anissa, D.,
Mehdi, B. A, Sarah, T., Chedia, S., Giovanni, S., & Salah, H.
(2022). Risk-based serological survey of bluetongue and the
first evidence of bluetongue virus serotype 26 circulation in
Tunisia. Veterinary Medicine and Science, 8, 1671-1682.
https://doi.org/10.1002/vms3.818


https://doi.org/10.4172/2161-0517.1000148
https://doi.org/10.4172/2161-0517.1000148
https://doi.org/10.23937/2474-3658/1510023
https://doi.org/10.23937/2474-3658/1510023
https://doi.org/10.3201/eid1603.091311
https://doi.org/10.1002/vms3.818

	Risk-based serological survey of bluetongue and the first evidence of bluetongue virus serotype 26 circulation in Tunisia
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Identification of risk areas and sampling
	2.2 | Data collection and questionnaire design
	2.3 | Blood samples and laboratory analysis
	2.4 | Data analysis

	3 | RESULTS
	3.1 | BTV seroprevalence
	3.2 | Strain typing and identification
	3.3 | Risk factors associated with the seroprevalence of BTV

	4 | DISCUSSION
	5 | CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	ETHICAL DISCLOSURES
	ORCID
	REFERENCES


