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by a virus neutralisation test (VNT). Overall, one out of the 270 tested sheep was
both ELISA- and strongly VNT-positive to CCHFV. Another two sheep were border-
line ELISA-positive but did not exhibit neutralising antibodies. Ninety-one ticks were
collected from all sampled sheep, of which 34 (37.4%) belonged to Hyalomma spp. This
is the first report of anti-CCHFV antibodies in sheep from Tunisia. Both the results of
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1 | INTRODUCTION

(CCHFV) is an

Orthonairovirus (Nairoviridae family) that causes severe haemor-

Crimean-Congo haemorrhagic fever virus
rhagic disease in humans (Wang et al., 2012). This emerging tick-borne
virus is endemic in several countries in Europe, Africa and Asia (Papa
et al., 2017). In humans, after the occurrence of a severe haemorrhagic
phase, the lethality rate can reach up to 50% (Centers for Disease
Control and Prevention, 2013). Transmission occurs primarily through
tick bites (mainly Hyalomma spp.) or through direct contact with blood
or body tissues/fluids from viremic humans and animals (Appan-
nanavar & Mishra, 2011). Farmers, physicians, veterinary surgeons
and slaughterhouse workers are therefore considered particularly
endangered occupational groups (Mostafavi et al., 2017).

In contrast to humans, infected animals do not develop any clini-
cal symptoms despite being viraemic for a mean period of one week
(Bente et al., 2010; Spengler et al., 2016a). During this period, they are
infectious for humans, other animals and ticks. Most domestic animals
(cattle, camels, sheep, goats, horses, pigs, dogs and chicken) serocon-
vert after being infected by CCHFV (Spengler et al., 2016b). Apart from
having a role acting as a reservoir of CCHFV (Akuffo et al., 2016), live-
stock animals have animportant role in spreading the infection via their
movements and the ticks they harbour (Mertens et al., 2015).

Sheep are considered to be CCHFV-amplification hosts (Schuster
etal.,, 2016a; Wilson et al., 1991). In Senegal and Bulgaria, the reported
seroprevalence using 1gG ELISA ranged between 10.4% (n = 942) (Wil-
son et al., 1990) and 74% (n = 242) (Barthel et al., 2014), respectively.
To our knowledge, there are no reports of CCHFV infections in sheep
from North African countries.

Detection of emerging viruses such as CCHFV in Tunisia, located on
one of the most important wild bird migration routes between Africa
and Europe, could be of intercontinental significance. It is well docu-
mented that migratory birds can carry infected ticks and may partici-
pate in dissemination of emerging viruses under some circumstances
(Gharbi, 2020). In this study, the presence of antibodies to CCHFV was
investigated in sheep flocks in 15 farms distributed in three Tunisian
regions (north, centre and southeast). Sheep were selected as sentinel
species because these animals are considered good indicators of pres-
ence of CCHFV in some regions (Schuster et al., 2016a). Furthermore,
the recent increase in case numbers of CCHF in the Middle East-North
Africa region has been attributed to careless slaughtering of livestock,
inadequate knowledge on the disease and the dissemination of CCHFV
through uncontrolled animal movements (Al-Abri et al., 2017).

Tunisia indicate that further studies are needed to determine the competent tick vec-

tor in the country and to characterise the epidemiological cycle of CCHFV.

Crimean-Congo haemorrhagic fever virus, ELISA, sheep, Tunisia, virus neutralisation test

2 | MATERIALS AND METHODS

2.1 | Sampling design

In this study, 270 sheep were screened for ticks, and blood samples
were taken to test for the presence of anti-CCHFV antibodies in Octo-
ber 2019, approximately 2 months after the natural peak activity of
Hyalomma ticks in spring and summer in Tunisia (Bouattour et al.,
1999). Sera of the same animals taken at different periods between
April 2018 and July 2019 were also used to obtain comparative results.
The sera belonged to ewes from 15 farms distributed in six locations
representing the different agro-bioclimatic systems in Tunisia (Table 1,
Figure 1). The sampled animals were 5.4 (+ standard deviation 2.1)
years old on average and consisted of 66% (178/270) of Barbarine
breed, 30.3% (82/270) of Queue Fine de I'Ouest breed as well as 3.7%
(10/270) of cross-bred sheep.

2.2 | Samples

The ewes were examined, and ticks were collected and preserved in
identified tubes containing 70% ethanol. All ticks were morphologi-
cally identified at the species level under a stereomicroscope according
to the identification keys described by Walker et al. (2003). For each
sheep, 5 ml of blood was collected in sterile dry tubes from the jugu-
lar vein using a vacutainer. Sera were collected in Eppendorf tubes and
stored at —20°C until used. Because sera were available for the previ-
ous six sampling rounds for all animals, those corresponding to ewes
found positive in October 2019 were also later included in serological
testing.

2.3 | Serological methods

Sera were tested using the commercial CCHF Double Antigen Multi-
species ELISA (IDvet Screen®, Montpellier, France) as recommended
by the manufacturer for the detection of specific antibodies against
the CCHFV nucleoprotein. Optical density (OD) was read with an
ELISA plate reader set at 450 nm wavelength. After plate validation,
the serum titre was estimated by the ratio of Sample OD/Positive

control OD and was considered positive if it exceeded 30%. In addition,
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TABLE 1 Characteristics of the selected localities and sheep farms

Number of farm(s)
Location (District) Region (total number of animals)
Fernana (Jendouba) Northwest 1(48)
Mornaguia (Manouba) Northeast 3(58)
Saouef (Zaghouan) Northeast 3(48)
Sbeitla (Kasserine) Centre 3(62)
Bir Ali (Sfax) Centre 2(29)
Bir Lahmar (Tataouine) Southeast 3(25)

to verify the ELISA result, positive sera were tested using a virus

neutralisation test (VNT) as described by Hinkula et al. (2017).

Bioclimatic status
Humid
Sub-humid

Semi-arid

Arid high steppes

Arid low steppes

Saharan

Latitude (N)
36°42'20.54”

36°37'20.84"
36°39'38.58”
36°46'30.86”
36°14'52"
36°15'27"
36°13'41.54"
35°17'44"
35°17'44”
35°14'28.36"
34°38'75.9”
34°46'19.4"

33°7'4.22"
SO
10°35'14.39"

Longitude (E)
8°48'46.5"

9°56'55.63"
9°57'33.53"
9°57'27.66"
100 9/7//
10°8'49”
10°10'47.17"
9°14'35.93"
9°14'35.93"”
9°5'28.66"
10°4'46.4"
10°2'30.3"
10°33'42.13"
10°33'54”
10°35'14.39”
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Mean altitude
(m)
500

122
121
57

205
184
151

470
470
561

117
203

142
149
131

TABLE 2 Distribution of ELISA seropositive animals according to
age, breed, tick infestation and location

Standard errors for proportions and standard deviations for means

were estimated according to Schwartz (1993).

3 | RESULTS

Three out of 270 (1.1% + 0.6%) tested sera were seropositive to
CCHFV by ELISA, one from the centre and two from southeast Tunisia
(Table 2). The seropositive sheep (ewe no. 1) from Bir Ali locality (cen-
tre of Tunisia) was a 6-year-old ewe of Queue Fine de I'Ouest breed and
showed a high ELISA titre (115%). The seropositive ewes no. 2 and no. 3
(Barbarine breed) were 4 and 7 years old, respectively, belonged to the
same farm in Bir Lahmar region (southeast) and showed ELISA titres of
33.60% and 34.15%, respectively (Figure 2).

When testing sera collected prior to October 2019, only ewe no. 1
displayed high ELISA titres (> 110%) during the six successive sampling
rounds, reaching 154.74% in October 2018 (Figure 2).

The VNT demonstrated that the serum of ewe no. 1 had a distinct
titre as NDsq (50% neutralising dose) of 1:64. In contrast, the sera of
ewes no. 2 and no. 3 showed no such a neutralising effect.

A total of 91 ticks were collected from 23 sheep in October 2019.
Rhipicephalus sanguineus s.l. represented 63% (57/91) of the total tick
species, followed by Hyalomma spp. (34/91; 37%). The Hyalomma ticks
consisted of 26 H. impeltatum, 7 H. excavatum and 1 H. marginatum. The
majority of ticks (81/91; 89%) were collected from sheep in the south-

ern farm where the two seropositive animals were detected.

4 | DISCUSSION

In this study, the presence of specific anti-CCHFV antibodies was

demonstrated in an animal (ewe no. 1) using ELISA followed by the

Number of seropositive/number

Risk factors of tested (% + SE)
Age group (years)?
1-2 0/20(0)
>2 3/242(1.2+0.7)
Breed
Barbarine 2/178 (1.1 +0.8)
Queue Fine de I'Ouest 1/82(1.2+1.2)
Cross-bred 0/10(0)
Tick infestation
Yes 2/23(8.6 +6)
No 1/247 (0.4 +0.4)
Location
North 0/154(0)
Centre 1/91(1+1)
Southeast 2/25(8 +5.4)
Overall’ 3/270(1.1 +0.6)

2Eight animals had no records for age.
bOne out of three seropositive ewes confirmed using a CCHFV serum neu-
tralisation assay.

VNT, which is considered one of the most specific serological tests
(Canakoglu et al., 2013). Sera from ewes no. 2 and no. 3, with con-
siderably weaker antibody levels compared to ewe no. 1, showed no
neutralising effect. These two weak, positive ELISA results might be
due to recent CCHFV infection in the sheep, since both ewes belonged
to a farm in the same district (Tataouine) where CCHFV was recently
detected in one tick collected on camels (Bouaicha et al., 2021).

The positive ewe (no. 1) for both ELISA and VNT, showed high ELISA

titres during the six sampling rounds preceding the one of October



KHBOU ET AL.

o Libya

SRR
Legend
@ Sampling area

X Location of positive
farms

FIGURE 1 Map of Tunisia showing the location of sampled and
positive farms where ELISA seropositive ewes to Crimean-Congo
haemorrhagic fever virus were detected
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FIGURE 2 ELISA-CCHFV antibody titre kinetics of three
seropositive ewes during seven sampling rounds from April 2018 to
July 2019

2019, hence suggesting long-lasting 1gG antibodies. In fact, after the
experimental inoculation of CCHFV, naive sheep developed persistent
1gG high titres from day 8 and for more than 3 years (Gonzalez et al.,
1998). Thus, persistence of IgG following the CCHFV infection makes
sheep good sentinels for the presence of CCHFV in a given area (Schus-
ter et al., 2016a). However, considering an animal species as sentinel
depends mainly on the tick demography. Therefore, we suggest con-
sidering sheep as sentinel candidates for CCHFV in different parts of
Tunisia taking into account their tick burden.

As far as we know, this is the first study reporting anti-CCHFV anti-
body detection in sheep in Tunisia. This is in agreement with the previ-
ous detection report of anti-CCHFV antibodies among Tunisian slaugh-
terhouse workers reported by Wasfi et al. (2016), who suggested that
CCHPFYV circulates in Tunisia through a cryptic cycle. Indeed, slaughter-
houses pose higher-risk areas for contracting CCHF in humans (Chiuya
et al., 2020) and, to improve implementation of preventive measures,
special awareness programs are recommended that aim at employees
in the field.

However, the low seroprevalence that we found was not concordant
with results reported elsewhere. Indeed, the seroprevalence in sheep
using IgG ELISA ranged between 3.7% in Iran (Al-Abri et al., 2017) and
75% in Afghanistan (Mustafa et al., 2011). In addition, differences in
the demographic and phenological characteristics of the tick commu-
nity in different territories and the vector competence and sheep affin-
ity of these ticks are other possible factors to be considered. The VNT
and the reverse transcription (RT)-PCR require Biosafety Level 4 facili-
ties, but this is not a strict rule for countries where the disease is mildly
or highly endemic (Weidmann et al., 2016). Moreover, because viremia
is short and of low intensity in livestock (OIE, 2018), ELISA offers the
best alternative to detect CCHFV antibodies in sheep and is easy to
implement in laboratories with limited resources (Vanhomwegen et al.,
2012). Furthermore, the commercial ELISA showed better sensitivity
(98%) and specificity (100%) compared to in-house ELISA and was con-
sidered a good test for screening of CCHFV antibodies in sheep and
goats (Schuster et al., 2016b).

Although it is not possible to link tick presence with the occur-
rence of antibodies, the geographical distribution of seropositive sheep
across the centre and southeast of Tunisia is consistent with the dis-
tribution of Hyalomma spp. ticks, which are the most competent vec-
tors for CCHFV (Spengler et al., 2016b). Indeed, H. impeltatum is found
particularly in the arid bioclimatic zone (Bouattour et al., 1999), and
this species was encountered in the southeast flock where we found
weak ELISA-CCHFV antibody titres in sheep. Recently, a serological
survey performed in south Tunisia reported a high seropositivity rate
of 89.7% (245/273) in camels (Camelus dromedarius), and 1 (H. impelta-
tum) out of 165 collected ticks was RT-PCR positive (Bouaicha et al.,
2021). This high seroprevalence in camels could be explained by the
intensive and continuous movements of these animals in the Tunisian
Sahara, between and across the Libyan and Algerian borders. This could
expose them to viremic small ruminants, wild desert small mammals
(rodents and hedgehogs), reptiles, birds and ticks. The presence of viral
RNA in one tick collected from a host does not mean that the tick is the

vector, but confirms the introduction of CCHFV in Tunisia. However,



KHBOU ET AL.

WI LEYJ—5

the vector role of H. impeltatum in CCHFV transmission should be con-
firmed.

Despite no CCHFV RNA being previously detected in Tunisia by
Wasfi et al. (2016, 2019), the virus has possibly been introduced in
different ways including bird migration. Tunisia is on one of the main
bird migration flyways, and it is known that migratory birds play a
key role in CCHFV spread, by introducing infected ticks to free areas
(Leblebicioglu et al., 2014). Furthermore, there is an intense infor-
mal animal movement and trade with neighbouring countries where
the presence of the virus is confirmed. For example, the virus was
detected by nested RT-PCR in Algeria in 28.6% (16/56) of H. aegyptium
ticks collected from spur-thighed tortoises (Testudo graeca) (Kautman,
2016).

It was shown that infected sheep were a virus source to 60% of H.
truncatum ticks feeding on them (Wilson et al., 1991). Together with
efficient transstadial and transovarian CCHFV transmission in ticks,
sheep are considered as CCHFV amplifiers (Gonzalez et al., 1998); thus,
active surveillance should target this animal species.

Although the seroprevalence was very low and the significance of
one positive animal is difficult to interpret, our study provides evidence
that sheep were exposed to CCHFV in the centre of Tunisia. Moreover,
the fact that the positive sample was confirmed by the VNT underlines
the validity of the study.

Because CCHFV was recently detected in the south of Tunisia,
efforts should be done to deepen molecular studies in this direction.
Overall, further epidemiological investigations are urgently needed,
among humans, ticks, and domestic and wild animals to better charac-
terise the epidemiology of CCHF in Tunisia.
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