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Abstract: Crimean-Congo hemorrhagic fever virus (CCHFV, Nairoviridae family) and Rift Valley
fever virus (RVFV, Phenuiviridae family) are zoonotic vector-borne pathogens with clinical relevance
worldwide. Our study aimed to determine seroprevalences of these viruses and potential risk fac-
tors among livestock (cattle, sheep, and goats) in Tunisia. Sera were tested for antibodies against
CCHEFV (n = 879) and RVFV (n = 699) using various enzyme-linked immunosorbent assays (ELISAs)
and indirect immunofluorescence assays (IIFA). The overall seroprevalence of IgG antibodies was
8.6% (76/879) and 2.3% (16/699) against CCHFV and RVFYV, respectively. For CCHF seropositivity
bioclimatic zones and breed were potential risk factors for the three tested animal species; while
the season was associated with cattle and sheep seropositivity, tick infestation was associated with
cattle and goats seropositivity and age as a risk factor was only associated with cattle seropositiv-
ity. Age and season were significantly associated with RVFV seropositivity in sheep. Our results
confirm the circulation of CCHFV and RVFV in Tunisia and identified the principal risk factors in
ruminants. This knowledge could help to mitigate the risk of ruminant infections and subsequently
also human infections.

Keywords: Crimean-Congo hemorrhagic fever virus; Rift Valley fever virus; enzyme-linked im-
munosorbent assays; indirect immunofluorescence assay; risk factors; ruminants; Tunisia

1. Introduction

Crimean-Congo hemorrhagic fever virus (CCHFV, Nairoviridae family) and Rift Valley
Fever virus (RVFV, Phenuiviridae family) are the causative agents of Crimean-Congo hemor-
rhagic fever (CCHF) and Rift Valley fever (RVF), respectively. These viruses belonging to
the Bunyavirales order have clinical relevance worldwide [1].

CCHFV of the Orthonavirus genus is transmitted to large and small mammals and
birds(with the exception of ostriches), by ticks [2]. Humans are infected by tick bites, or
through exposure to blood or infected tissues from viremic animals, or infected persons [3].
Only 12% of infected people will develop symptoms. Acute CCHF in humans is character-
ized by an onset of fever, tremors, myalgia, headaches, nausea and vomiting, abdominal
pain and arthralgia. In severe cases, the disease is complicated by the appearance of
bleeding from mucosal membranes (e.g., nose and vagina) and ecchymosis; lethality rates
can reach 9-50% [4,5]. In contrast, CCHFV infection in wild and domestic mammals does
not cause severe disease, in general, infected animals remain asymptomatic [6]; but they
play an essential role in the amplification and spread of the virus [7,8]. Among these
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animals, domestic ruminant species are considered to be an important indicator of CCHFV
circulation in a naive area [9]. The geographic distribution of CCHFV coincides with that
of ixodid ticks; mainly those of the genus Hyalomma, the principal vectors of CCHFV.
Indeed, CCHF has been reported in more than 30 countries in Africa, Asia, and the Middle
East, and has shown a significant increase in prevalence during the last few decades in
Eastern Europe [3,10]. However, CCHFV might expand outside its current geographic
range through the introduction of infected ticks by migratory birds into naive regions,
or through the international livestock trade. Moreover, increasing international travel
to CCHFV endemic areas, climate change, and increasing human population densities
may escalate the worldwide spread of CCHFV [11]. Recently, there has been a worrying
emergence of CCHF in Spain, with six human cases (three fatal) reported in rural areas
since 2016, the last one in August 2020 [12] due to viral transmission from an infected
Hyalomma tick. In North Africa, CCHFV nucleic acid has been detected in ticks infesting
migratory birds in Morocco [13] and in Hyalomma aegyptium ticks collected from tortoises in
Algeria [14]. In addition, anti-CCHFV antibodies were detected in serum samples collected
from camels, domestic cattle, buffalo, sheep and goats from Egypt [15,16]. In Tunisia, a
survey was conducted in 2014 in febrile patients with acute fever (n = 181), only five of
whom showed anti-CCHFV IgM antibodies with no history of foreign travel to known
CCHFV endemic areas, nor a history of tick bites. Additionally anti-CCHFV IgG anti-
bodies were detected in two out of thirty-eight tested slaughterhouse workers [17]. More
recently, a highly unexpected seroprevalence of CCHFV (89.7%) was reported in camels
(Camelus dromedarius) in Southern Tunisia [18]. These results paved the way for further
investigations into this highly pathogenic virus in Tunisia, especially with the presence of
potential vectors of CCHFV, Hyalomma spp., in the Mediterranean basin, and the absence
of routine animal surveillance in Tunisia.

Rift Valley fever virus is a mosquito-borne virus of the Phlebovirus genus that affects
not only cattle, sheep, goats and camels, but also humans and wildlife [19]. Unlike CCHFV,
RVEFV is highly pathogenic in ruminants and regularly causes devastating abortion storms,
and deaths of young animals, resulting in subsequent economic losses of livestock during
an outbreak [20]. In addition, fetal death resulting from vertical transmission of the virus
has been documented in humans [21,22].

Transmission of this virus to humans occurs by contact with blood, body fluids, or
tissues of infected animals, or through the bite of infected mosquitoes [20]. This virus has
been isolated from more than 50 mosquito species belonging to seven different genera;
however, the principal vectors for RVFV are Culex spp. and Aedes spp. [23,24]. Rift Valley
fever disease in humans is typified by a benign febrile illness, but some patients may
develop fatal hemorrhagic fever, encephalitis, or ocular sequelae [25].

RVEFV is an emerging zoonotic threat to veterinary and public health with the poten-
tial to have an important socioeconomic impact. RVF disease has expanded its historic
geographic range in the livestock-raising areas of eastern and southern Africa and into
the Middle East (Saudi Arabia and Yemen) over the past 25 years, causing several epi-
zootics and epidemics. The first reported case was in 1931 in Kenya [26]; subsequent
epizootics/epidemics were reported in South Africa in 1951 [27] and in other Sub-Saharan
countries in Africa such as Zimbabwe in 1970 [20] and Sudan in 2007 [28]. The virus
range has now expanded to include North Africa where the largest epidemic occurred
in Egypt in 1977-1978 [29], and four large outbreaks of RVF occurred in Mauritania in
1998, 2003, 2010 and 2012, which resulted in a high number of animal and several human
deaths. In Tunisia, a study carried out between 2006 and 2007 did not reveal any exposure
of ruminants to RVFV [30]. However, recently it has been shown that among 470 serum
samples of apparently healthy camels in Tunisia, 162 were RVFV seropositive (34%) [31].
In addition, in the summer of 2014 active circulation of RVFV was reported in humans in
Tunisia, suggesting their evident exposure to this virus in Tunisia [32]. In North Africa, the
vector competence of different mosquito species, such as Culex pipiens, to transmit RVFV
has been established [33-35].
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Given the many uncontrolled border crossings that take place between Tunisia and its
neighboring countries, Libya and Algeria, livestock exchanges may happen with countries
where CCHFV and RVFV are endemic and where no active surveillance is practiced by
local sanitary services. Social and political instability in these neighboring countries, can
favor the accidental transportation of animals infected with CCHFV and RVFV into Tunisia,
where known vectors of these viruses, ticks of the Hyalomma genus and mosquitoes of the
Culex and Aedes genus, are endemic [36,37]. Therefore, Tunisia can be considered to be a
country at high risk for the establishment of CCHFV and RVFV [38]. To our knowledge
no study has been carried out to investigate the presence or the absence of these two
viruses in cattle, sheep and goats in Tunisia. The detection of specific antibodies against
these two viruses in these animal species in Tunisia constitutes a good indicator for their
presence. Thus, we aimed to investigate the evidence of circulation of CCHFV and RVFV
in ruminants (cattle, sheep and goats) in different bioclimatic zones in Tunisia, in order
to estimate their seroprevalence, and to identify the potential risk factors associated with
these arboviruses.

2. Results
2.1. Serological Investigation

Serum samples collected from cattle, sheep and goats in various bioclimatic zones
(humid, semi-humid, semi-arid and arid) across North and Central Tunisia were tested by
enzyme-linked immunosorbent assays (ELISAs) for antibodies targeting CCHFV (n = 879)
or RVFV (n = 699). Details regarding the animal and geographic origin of the serum
samples are given in Table 1. All tested animals were apparently healthy, and the majority
were born and reared in Tunisia, however according to the circumstances (e.g., abundant
pasture) the farmers introduce imported animals into their herds for fattening. Serum
samples that tested positive or were inconclusive in the ELISAs were further assayed using
a CCHFV IgG indirect immunofluorescence assay (IIFA) or RVFV IgG IIFA. The results
of the IIFA were considered the final results for the presence or the absence of CCHFV or
RVFV specific IgG antibodies. In addition, serum samples that tested positive in the RVFV
competitive ELISA (cELISA) were then screened using a RVFV IgM capture ELISA.

Among 97 sera detected positive by CCHFV ELISA, only 76 samples were confirmed
positive by IIFA. In contrast, all inconclusive ELISA samples (n = 6) tested negative by IIFA.
For anti-RVFV antibody detection, among 20 cELISA seropositive and 10 inconclusive sera,
only 14 and 2 samples respectively, were confirmed seropositive using IIFA.

The overall seroprevalence of CCHFV antibodies was 8.6% [95% CI: 6.78-10.5%]. The
seroprevalence ranged from 0% (n = 0/271) [95% CI: 0-1.1%] to 23.4% (n = 51/218) [95%
ClI: 17.77-29.01%] depending on the bioclimatic zone (Table 2). CCHFV seroprevalence
varied by species, with cattle at 11.1% (43/388) [95% CI: 7.95-14.2%], sheep 6.2 % (20/325)
[95% CI: 3.54-8.76%] and goats 7.8% (13/166) [95% CI: 3.74-11.91%] (Table 2).

For RVFV antibodies, 3.6% [95% CI: 0.51-6.79%] of tested ruminants were seropos-
itive in sub-humid zone, 2.8% [95% CI: 1.01-4.66%] in the semi-arid zone, 0.9% [95% CI:
0-2.15%] in the humid zone and 0% [95% CI: 0-12.5%] in the arid zone (Table 2). A total
of 16 serum samples including 10 cattle (3.3%; [95% CI: 1.3-5.38%]) and 6 sheep (2.6%;
[95% CI: 0.53-4.57%]) were seropositive, while no RVFV-specific antibodies were detected
in goats (Table 2). The screening of these 16 positive sera using the ID screen Rift Valley
fever IgM capture ELISA (Innovative Diagnostics, France) revealed the presence of IgM
antibodies in only one bovine serum originating from Oued Abid located in the sub humid
zone. No serum samples were positive for both anti-CCHFV and anti-RVFV antibodies.
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Table 1. Number of tested samples for CCHFV and RVFV antibody detection.

Number of Tested Animals [CCHFV] (RVFV)

Bioclimatic Zones Governorates Localities
Cattle Sheep Goats Total
Esseria
Bizerte ]I‘i/‘[g;“err‘f [39] (19) [50] (30) [29] (29) [118] (78)
Sajnene
Humid Jendouba Bhira [0] (0) [14] (14) [0] (0) [14] (14)
Amdoun
. Cap negro
Beja El jouza [56] (56) [53] (43) [30] (30) [139] (129)
Nefza
Bizerte Utique [22] (22) [10] (10) [0] (0) [32] (32)
Sub-Humid Nabeul O}rfl‘jef:;d [77] (27) [38] (28) [23] (22) [138] (77)
Mellegue
Kef Touiref [01(0) [48] (28) [0] (0) [48] (28)
Hessiene
Ariana Kalaatlandlos [60] (60) [28] (20) [20] (20) [108] (100)
Sidi thabet
Solimaan
Nabeul Somaa [20] (20) [20] (10) [20] (20) [60] (50)
Semi-arid Diar ben Selem
Hrairia
Tunis Borjchakir [26] (26) [30] (18) [30] (30) [86] (74)
Sidi bechir
Zaghouan ;gﬁg [63] (45) [34] (34) [14] (14) [111] (93)
Arid Kairouan Kairouan [25] (24) [0] (0) [0] (0) [25] (24)
Total 9 26 [388] (299) [325] (235) [166] (165) [879] (699)




Pathogens 2021, 10, 769 50f 19
Table 2. Seroprevalence of RVFV and CCHFV in cattle, sheep and goats in the four bioclimatic zones.
Antibodydetection of RVFV Antibodydetection of CCHFV
Bioclimatic oes
Zones Localities Cattle Sheep Goats Total % Cattle Sheep Goats Total %
Positive/Tested (%) Positive/Tested (%) Positive/Tested (%) [CI95%] Positive/Tested (%) Positive/Tested (%) Positive/Tested (%) [CI95%]
Esseria
Joumine
Meden
. Sajnene 2/75 0/87 0/59 2/221 0/95 0/117 0/59 0/271
Humid Bhira 2.7) ) ) 0.9) ) ) ©0) 0)
Amdoun ' [0-2.15] [0-1.1]
Cap negro
Eljouza
Nefza
Utique
. Oued abid 1/49 4/66 0/22 5/137 18/99 20/96 13/23 51/218
Sub-humid Takelsa 2 ©.1) ) (3.6) (18.2) 20.8) (56.5) (23.4)
Mellegue ’ [0.51-6.79] ’ ’ ’ [17.77-29.01]
Touiref
Hessiene
Kalaat landlos
Sidi thabet
Solimaan
Somaa 9/317 24/365
Semi-arid Diar ben Selem 7({1165)1 %2/ i? 0(/0%4 (2.8) 2(411126)9 0/((1))1 2 0(/08)4 (6.5)
Hrairia : : [1.01-4.66] : [4.03-9.11]
Borjchakir
Sidi bechir
Jouf1
Jouf 2
0/24 1/25
Arid Kairouan 0/24 0/0 0/0 ) 1/25 0/0 0/0 @)
0) 0) (0) [0-125] @ 0) 0) [0-1168]
10/299 6/235 0/165 16/699 43/388 20/325 13/166 76/879
Total (33) 26) © @3 L (62) 78) s
’ ’ [1.18-3.39] ’ ’ ’ [6.78-10.50]
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2.2. Risk Factor Analysis

In order to identify risk factors associated with CCHFV and RVFV seropositivity in
Tunisian ruminants, information such as animal breed, age, sex, season, bioclimatic zone,
tick infestation and type of breeding (cattle only) was acquired, and statistically analyzed
together with the seroprevalence rates. The univariate logistic analysis showed that cattle
breed (p-value = 0.005), age (p-value = 0.007; OR = 0.259; [CI%: 0.09-0.743]), season
(p-value = 0.001), bioclimatic zone (p-value < 0.001), and tick infestation (p-value < 0.001;
OR =17.489; [CI%: 4.929-62.051]), were significantly associated with CCHF seropositivity
in cattle (Table 3). In contrast, the sex (p-value = 0.087) was not a significant risk factor for
CCHEFV seropositivity among cattle (Table 3). Among 325 sheep tested for CCHFV-specific
antibodies, only 20 were seropositive (Table 3) with a significant association with breed
(p-value < 0.001), season (p-value = 0.008) and bioclimatic zone (p-value < 0.001) (Table 3).
The data illustrated that age (p-value = 0.476) and sex (p-value = 0.784), were not significant
risk factors for CCHFV seropositivity among sheep (Table 3).

The results of the statistical analysis in Table 3 show a significant association be-
tween goats’ breed (p-value = 0.023), bioclimatic zone (p-value < 0.001), tick infestation
(p-value < 0.001; OR = 35; [CI%: 7.173-170.773]) and CCHFYV seropositivity. The remaining
tested risk factors such as age, sex and season did not show a significant association with
seropositivity (p-value > 0.05) (Table 3).

In contrast, there was no significant association between any of the different risk
factors in cattle and RVFV seropositivity (Table 4). Among the six RVFV seropositive sheep,
only age and season (p-value < 0.001), were significantly associated with seropositivity
(Table 4).
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Table 3. Univariate analysis of the association between risk factors and CCHFV seropositivity in cattle, sheep and goats in Tunisia.

Cattle Sheep Goats
No. of No. of No. of
Risk Factors ) fSeroposi- p-Value . fSeroposi- p-Value . fSeroposi- p-Value
Categories tive/No. of [C195%] (OR) Categories tive/No. of [CI95%] (OR) Categories tive/No. of [CI95%] (OR)
Tested Cattle [CI95%] Tested Cattle [C195%] Tested Cattle [C195%]
%) %) %)
Friesian 3/27 (11.1) [0-22.96]
Holtein 8/120 (6.7) [2.2-11.13] Barbarine 6/252(2.4) [0.49-4.26]
. Damascus 0/55 (0) [0-5.45]
Breed local 2/102(216)  [13.58-29.55] 0.005 Black Thibar 0/32 (0) [0-9.37] <0.001 Local cross 13/108 (12) [5.9-18.17] 0.023
Local cross 4/74 (5.4) [0.25-10.55] Local cross 0/16 (0) [0-18.75] Maltese 0/3 (0) [0-100]
Pie noire 1/20 (5) [0-14.55] QFO 14725 (56) [36.54-75.45]
Schwytz 5/45 (11.1) [1.92-20.29]
Age Adult 39/286 (13.6) [9.65-17.61] (8'2%) Adult 19/294 (6.5) [3.65-9.27] (g'gg) Adult 11/132 83) [3.61-13.04] (g'iig)
Young 4/102 (3.9) [0.15-7.68] (0.09-0.743] Young 1/313.2) [0-9.44] (00653 73] Young 2/34 (5.9) [0-13.79] (0145 3950]
Sex Female 41/338 (12.1) [8.65-15.61] (8'%;) Female 19/304 (6.3) [3.52-8.97] (g'%) Female 10/150 (6.7) [2.67-10.65] (g'%
Male 2/50 (4) [0-9.43] (00711 289] Male 1/21 (4.8) [0-13.87] (0095 2.492] Male 3/16 (18.8) [0-37.87] (0789 13231]
Autumn 42/276(152)  [10.98-19.45] Autumn 18/172(10.5) [5.89-15.04] Autumn 13/133 (9.8) [4.72-14.82]
Spring 0/12 (0) [0-25] Spring 0/8(0) [0-37.5] Spring 0/9 (0) [0-33.33]
Season Summer 1/64 (1.6) [0—4.6] 0.001 Summer 2/125 (1.6) [0-3.8] 0.008 Summer 0/14 (0) [0-21.42] 0.321
Winter 0/36 (0) [0-8.33] Winter 0/20(0) [0-15] Winter 0/10 (0) [0-30]
Humid 0/95 (0) [0-3.15] . .
o mid 3 Humid 0/117 (0) [0-2.56] Humid 0/59 (0) [0-5.08]
B“’Z“;;“e“:““ sielﬁjxﬁ?d 21%/ /19699((1184'22)) {g'g‘;_g";g]] <0.001 Semi-arid 0/112 (0) [0-2.67] <0.001 Semi-arid 0/84 (0) [0-3.57] <0.001
s s ) ot en] Sub-humid 20/96 (20.8) [12.7-28.95] Sub-humid 13/23(56.5) [36.26-76.78]
Tick No 3/140 (2.1) [0-4.54] 53'2§$> No 6/182 (3.3) [0.70-5.89] (8'92796) No 6/96 (6.3) [1.40-11.09] <?3'g()’1
infestation Yes 18/65 (27.7) (168138571 |4 b e 051] Yes 0/33(0) [0-9.09] (0941-0.993] Yes 7/10(70) Ls9-9840] 0
0.724
Type of Modern 16/154 (10.4) [5.57-15.2] - ",
breeding Traditional 27/234 (11.5) [7.44-15.63] (1.125) Traditional ND ND ND Traditional ND ND ND

[0.584-2.165]

OR: odds ratio; ND: not determined.
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Table 4. Univariate analysis of the association between risk factors and RVFV seropositivity in cattle and sheep in Tunisia.

Cattle Sheep
Risk Factors . N.o: of p-Value . N.o: of p-Value
Categories Seropositive/No. of [CI95%] (OR) Categories Seropositive/No. of [CI95%] (OR)
Tested Cattle (%) [C195%] Tested Sheep (%) [C195%]
Friesian 0/20 (0) [0-15]
Holtein 5/114 (4.4) [0.62-8.14] Barbarine 4/182 (2.2) [0.06-4.32]
Local 5/81 (6.2) [0.93-11.41] Black Thibar 2/21 (9.5) [0-22.07]
Breed Local cross 0/49 (0) [0-6.12] 0.308 Local cross 0/14 (0) [0-21.42] 0169
Pie noire 0/19 (0) [0-15.78] QFO 0/18 (0) [0-16.66]
Schwytz 0/16 (0) [0-18.75]
Age Adult 7/224 (3.1) [0.84-5.40] (g'gg) Adult 2/213 (0.9) [0-2.23] ég'ggi)
Young 3/75 (4) [0-8.43] 1032551271 Young 4/22 (18.2) [2.06-34.29] [4.016.136.855]
Sex Female 8/265 (3) [0.95-5.07] (g'ggé) Female 5/225 (2.2) [0.29-4.14] (g'ég)
Male 2/34 (5.9) [0-13.79] [0.408-9.870] Male 1/10 (10) [0-28.59] [0.516-46297]
Autumn 8/198 (4) [1.29-6.78] Autumn 4/120 (3.3) [0.12-6.54]
Spring 0/12(0) [0-25] Spring 0/8 (0) [0-37.5]
Season Summer 2/63 (3.2) [0-7.5] 0.656 Summer 0/105 (0) [0-2.85] <0.001
Winter 0/26 (0) [0-11.53] Winter 2/2(100) [0-100]
SeHr;lir-r;lgd 72 //17551 ((2476)) [1[(;36—'3 19]8] Humid 0/87 (0) [0-3.44]
Bioclimatic zones . | ’ : 0.578 Semi-arid 2/82 (2.4) [0-5.77] 0.062
Sub-humid 1/49(2) [0-5] Sub-humid 4/66 (6.1) [0.3-11.81]
Arid 0/24 (0) [0-12.5] ' ’ ’
Modern 4/108 (3.7) [0.14-7.26] 0.795
Type of breeding Traditionel 6/191 (3.1) [0.66-5.61] (0.843) Traditional ND ND ND

[0.233-3.056]

OR: odds ratio; ND: not determined.
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3. Discussion

In this study, the serological screening of animals revealed for the first time in Tunisia,
the presence of anti-CCHFV and anti-RVFV antibodies in cattle, sheep, and goats, with an
overall seroprevalence of 8.6% (76/879) and 2.3% (16/699), respectively. To our knowledge,
only one previous study has reported CCHFV-specific antibodies in humans in Tunisia.
This survey was conducted in 2014 and reported the presence of anti-CCHFV IgM titers in
febrile patients (n = 5) with acute fever, and no history of foreign travel to known CCHFV
endemic areas, nor a history of tick bites. In addition, anti-CCHFV IgG antibodies were
detected in two out of thirty-eight tested slaughterhouse workers [17]. More recently,
an unexpectedly high seroprevalence of CCHFV was reported in camels in Southern
Tunisia [18]. In addition, these camels were reported to be infested by CCHFV infected
Hyalomma impeltatum ticks [18]. Our results confirm these previous studies and suggest
that CCHFV is circulating in Tunisia, albeit at a very low level. In fact, CCHFV was also
detected in neighboring countries, in Hyalomma aegyptium ticks collected from tortoises in
Algeria [14], and in Hyalomma marginatum ticks collected from birds in Morocco [13]. This
finding is not surprising since a recent model generated by Okely et al. (2020) [38] predicted
a high environmental suitability for CCHFV occurrence in northwestern Africa, including
Tunisia, Algeria, and Morocco. However, to date, no human clinical cases of CCHF have
been observed in North Africa. This could be explained by the lack of diagnostic testing in
humans, or it could be that the CCHFV strain circulating in our region is not pathogenic for
humans. Indeed, Kautman et al. (2016) [14] reported the circulation of a non-pathogenic
CCHEFV strain AP92 (lineage Europe 2) in H. aegyptium collected from tortoises in Algeria,
which is associated with sub-clinical or mild cases [39,40]. The AP92 strain, described
for the first time in Rhipicephalus bursa ticks in Greece in 1975 [41], was also detected in
Turkey [42] and Kosovo [43] causing asymptomatic infections. On the other hand, the
detection of CCHFV and subsequent clinical cases could also be expected in Tunisia, since
a similar epidemiological situation was observed in Spain until the first CCHFV outbreak
in 2016 [44,45].

Our results revealed different CCHFV seroprevalence rates between cattle (11.1%;
43/388), and small ruminants (6.2% sheep, 7.8% goats). This result can be explained
by the fact that Hyalomma species, the known common vector of CCHFYV, is one of the
major tick species infesting cattle in Tunisia [36]. In addition, cattle tend to be highly
infested with Hyalomma spp., about ten times higher than small ruminants [46]. Similar
CCHFV seroprevalence results were also reported in Sudan (19.14% of cattle tested were
seropositive [47]), Bulgaria and Greece (6% cattle; 1% sheep were seropositive [48]) and
France Corse (13.3% cattle; goats 3.1% and 2.5% sheep) [49], indicating that cattle can be
a good animal species indicator for seroepidemiological CCHFV monitoring studies. In
contrast, our findings differ from the results of Schuster et al. (2016) [50] which highlighted
the suitability of small ruminants as an indicator for the presence of CCHFV.

In our study, we investigated different risk factors (breed, age, sex, season, bioclimatic
zone, type of breeding, and tick infestation) associated with CCHFV seropositivity. Only
two factors (bioclimatic zone and breed) showed a positive correlation with seropositivity
in all tested animal species (p-value < 0.05).

The overall seroprevalence for CCHFV in the three analyzed animal species ranged
from 0% to 29.4%, depending on the bioclimatic zone, with the highest seroprevalence
rate in the sub-humid zone. However, this result is not surprising since bioclimatic factors
affect the distribution of tick vectors, and therefore the occurrence of the virus [51,52]. The
higher CCHFV seroprevalence in the sub-humid zone could be explained by the abundance
of ticks of the Hyalomma species in this bioclimatic zone. Indeed, a positive correlation
was found between the tick infestation of the tested ruminants and the rate of CCHFV
seropositivity (p-value < 0.001). This result was not surprising given that livestock animals
serve as a host for tick populations, among them vectors of CCHFV. Moreover, CCHFV
has been detected in numerous tick genera, including Hyalomma, Rhipicephalus, Boophilus,
Dermacentor, Ambylomma, and Haemaphysalis [9,53]. In Tunisia, among the 14 species of the
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genera Hyalomma, Rhipicephalus, Dermacentor, Haemaphysalis and Ixodes that infest livestock,
H. marginatum and H. excavatum are the most abundant and widespread in all bioclimatic
zones [36,54]. In fact, CCHFV is mostly transmitted by Hyalomma ticks in several endemic
countries such as Greece [55], Turkey [56,57], Albania [58], Iran [59], and Kosovo [60], as
well as in countries neighboring Tunisia, such as Algeria [14] and Morocco [13].

In addition, our survey revealed a significant association between breed and CCHFV
seroprevalence. In cattle, the highest seroprevalence was observed among local breeds
(21.6%). This result might be attributed to differences in their management system, local
breeds were left grazing in the field all day, whereas the other analyzed breeds were kept
indoors with a good management system for dairy production. Hence, they were at lower
risk of disease. This finding is in line with reports from Ghana and Ethiopia [61,62]. In
contrast, the- situation is different in Sudan where the highest CCHFV seroprevalence rate
was observed among cross breeds [63]. In sheep, we found a high seroprevalence of CCHFV
in the Queue Fine de I'Ouest (QFO) breed (56%). This result can be explained by the high
tick infestation rate of the QFO breed compared to the other tested breeds (Barbarine,
Black Tibar and cross breeds). This agrees with the finding of Elati et al., (2018) [64] who
report that the QFO sheep breed were more infested by ticks in Tunisia than other breeds.
However, breed-specific epidemiological patterns of tick infestation and CCHFV infection
need deeper investigation.

A significant correlation between CCHFV seropositivity and the season was observed
in cattle (p-value = 0.001) and sheep (p-value = 0.008). The observed seroprevalence is
higher in summer and autumn compared to spring and winter, corresponding to the
seasons of transmission for tick borne pathogens. This is mainly related to the bioclimatic
needs of Hyalomma spp. life cycle in Tunisia, making this tick genus more abundant on
hosts in the summer and autumn compared to the spring and winter [35]. However,
in our study we could not confirm the detection of anti-CCHFV IgM antibodies (which
would indicate a recent infection with CCHFV), therefore further extensive studies are
needed to confirm the seroprevalences of both anti-CCHFV IgM and IgG antibodies in
order to investigate this potential seasonal variation in seropositivity. Previous studies
have reported that outdoor grazing for livestock during summer months increases the
opportunity for them to become infested by ticks [65,66].

According to our results, CCHFV seroprevalence increases with cattle age. This can
be explained by the cumulative exposure of older cattle to tick infestation since they graze
in an open system [47,63,67]. Similar results were observed in Sudan, Egypt, Iran, and
Ethiopia, demonstrating that there is generally a lower risk of young calves becoming
infected with CCHFV [16,62,63,68]. Besides, CCHFV IgG antibodies persist for a long time,
which supports seropositivity being significantly associated with age [69]. There was no
significant association between sex and CCHFV seroprevalence. A similar observation was
also reported in Sudan [63].

In our study, we provide the first seroepidemiological data on RVFV circulation in
cattle, sheep and goats in Tunisia. We report the presence of specific IgG and IgM an-
tibodies against RVFV in cattle and sheep in Tunisia, contrary to the findings of Ayari
Fakhfekh et al. (2011) [30], who did not detected antibodies against RVFV in tested small
ruminants between September 2006 and January 2007 in Tunisia. However, a recent study
conducted on camels in Tunisia between January 2017 and December 2018 indicated that
34% of tested animals have IgG antibodies against RVFV [31]. In addition, a serosurvey of
RVFV conducted in Tunisia on febrile patients, non-febrile healthy agriculture workers,
and slaughterhouse workers during summer 2014 revealed evidence of human exposure
to RVFV [32]. These findings may imply an active circulation of RVFV in Tunisia. This is
not surprising since previous studies have reported a seroprevalence of 0.97% and 15%
among camels in the neighboring countries Algeria and Morocco, respectively [70,71]. The
introduction of RVFV into Tunisia from these neighboring countries may occur during
an outbreak, due to the uncontrolled and illegal transportation of livestock in the bor-
der regions, as well as the risk posed by the introduction of infected mosquitoes. This
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illegal livestock transportation can also enhance the transmission and spread of other
transboundary animal diseases, such as foot and mouth disease. Therefore, it is likely that
the abundant trading in ruminants between Tunisia and neighboring countries (Algeria,
Libya) may explain the seropositive results in this study. Indeed, Saudi Arabia’s outbreak
in 2000 was due to the uncontrolled introduction of infected ruminants from eastern Africa
during the Hajj [72]. Other studies have suggested that formal and informal exchanges
of domestic animals in border regions increase the spread of this disease, as is the case
between Mauritania and southern Algeria, and Ethiopia and Southern Sudan [73,74]. Sup-
porting our hypothesis, previous studies evaluating the spatial and temporal suitability of
regions in North Africa for sustaining RVFV circulation, showed that the northern regions
of the Maghreb are moderately suitable for RVFV enzootics and highly suitable for RVFV
epizootics [75,76]. These risk areas extend along the coasts and into the Atlas Mountains
in Morocco, Algeria, and Tunisia [75,76]. The suitability of these countries to support the
circulation of RVFV can be attributed to the abundance and widespread presence of its
most efficient mosquito vector, Culex pipiens [35,37,77]. Moreover, Amraoui et al. (2012) [35]
confirmed experimentally that Culex pipiens populations collected in Algeria, Morocco,
and Tunisia, were highly suitable for the transmission of RVFV [35]. In addition, several
characteristics of Aedes and Culex mosquitoes are particularly relevant showing their RVFV
dissemination capacity [33,78]. The presence of A. albopictus [79] and the competent RVFV
vector Cx. pipiens [32] in Tunisia increase the potential risk for RVFV establishment. The
introduction of RVFV into Mediterranean basin countries potentially makes this virus an
extensive public health burden.

Our study showed a correlation between age and RVFV seropositivity in sheep,
with young animals (six months to one year) having an increased probability of being
seropositive compared to older animals. This is not surprising as sheep start grazing
with adults from six to seven months, and are therefore more exposed to mosquitos
and the viruses they transmit at this age. Our results agree with a previously reported
study in northern Somalia, suggesting that young sheep are more susceptible to RVFV
infection [80]. In contrast, other studies have shown that RVFV seroprevalence is higher in
adult animals [81-83].

A significant correlation between RVFV IgG seroprevalence and season (p-value = 0.05)
was also observed in sheep. However, the seroprevalence reported in autumn is expected
as it coincides with the abundance of the vector Cx. pipiens [37]. This vector abundance
has been associated with the favorable weather and increased precipitation, which creates
larval breeding habitats for mosquitoes. IgM antibodies against RVFV were detected in
only one bovine serum sample originating from Oued Abid located in the sub humid
zone. This result indicates that there was at least one recent RVFV infection during the
sampling period. In general, RVFV-IgM antibodies can persist in the host only 14 days
post-infection [84]. However, other studies suggest that [gM antibodies can be detected for
a maximum duration period of two months after infection [85,86]. Given that our study
revealed a total of sixteen serum samples including ten cattle (3.3%; [95% CI: 1.3-5.38%])
and six sheep (2.6%; [95% CI: 0.53—4.57%]) to be seropositive, it is not unexpected that one
of these serum samples was IgM as well as IgG positive, as these results imply a low-level
circulation of RVFV in ruminants in Tunisia.

Serological tests such as ELISAs are often based on recombinant nucleocapsid proteins
(NP) and offer high specificity, simple sample processing and are relatively high through-
put as they typically use a 96-well plate format. Indirect immunofluorescent tests (IIFTs),
though typically less high throughput, have the added advantage that additional informa-
tion regarding the specificity of the antibodies can be gained by analysing the fluorescence
distribution patterns in the infected /transfected cells. However, serum neutralization tests
(NT) are typically considered to be the “gold standard” in viral serological assays as they
are highly specific and provide information regarding the functionality of the antibodies in
the serum sample. One on the limitations of this study was the inability to confirm both
CCHFV and RVFV seropositive samples by serum neutralization test. It is possible that
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we could have reported false positive results in our study, however, the use of both ELISA
and IIFT to confirm the presence of anti-RVFV and anti-CCHFV IgG antibodies greatly
reduces the likelihood of this happening. The lack of a variety of serological kits to test for
antibodies against CCHFV and RVFV in animal serum samples necessitated the adaption
of IIFT kits designed to detect anti-CCHFV and anti-RVFV antibodies from human serum
samples, in order to confirm the samples that tested positive by ELISA in this study. The
IIFT kits were adapted according to previously published protocols to detect ruminant
IgG antibodies [50,87,88], however the sensitivity and specificity of the adapted kits are
unknown. Unfortunately, we could not adapt the IIFT kit to detect anti-RVFV IgM anti-
bodies to confirm the sample that tested positive for anti-RVFV IgM antibodies by ELISA.
Another limitation of this study was the inability to detect anti-CCHFV IgM antibodies,
which would add valuable evidence for the circulation of this virus in ruminants in Tunisia.
The retrospective nature of the study also limited the additional data that could be used for
the univariate risk analysis.

These results lay the foundations for further studies which would benefit from testing
more serum samples for the presence of both IgG and IgM antibodies against CCHFV and
RVFYV, as well as the use of an RT-qPCR assay to detect CCHFV and RVFV RNA genomes,
which would provide direct evidence of the circulation of these viruses in Tunisia.

4. Materials and Methods
4.1. Experimental Design

We used enzyme-linked immunosorbent assays (ELISAs) and indirect immunofluo-
rescence assays (IIFA) to test for CCHFV and RVFV specific antibodies in sera collected
from cattle, sheep and goats in Tunisia. The used workflow is summarized in Figure 1.
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Figure 1. Schematic representation of the experimental design.
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4.2. Study Area

A retrospective serosurvey in cattle, sheep and goats was carried out using banked
sera samples that were collected between 2011 and 2014 in the frame of the RESTUS project
(Project n°2AS1.3/023)aiming to strengthen and improve the surveillance of emerging
zoonotic vector-borne diseases caused by bacteria (Anaplasma phagocytophilum, Bartonella
spp., Coxiella burnetii and Rickettsia spp.) and viruses (West Nile virus and Rift Valley
Fever virus).The tested banked sera were selected by simple random sampling. These
serum samples were collected from 26 localities belonging to four bioclimatic zones (humid,
sub-humid, semi-arid and arid) located in North and Central Tunisia (Figure 2 and Table 1).
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| Bioclimatic stages
| 1 Humid
| B Sub humid

Semi aride
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Rate of animals infected |
| [0 CCHFV seropositive animals
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Figure 2. Bioclimatic map of Tunisia showing localities of sera collection.
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The humid zone is characterized by an annual rainfall of between 800 and 1200 mm,
while the sub-humid zone’s rainfall ranges between 500 and 700 mm per year. In these
zones, located in the north of the country, rainfall is significantly higher than in the semi-arid
and arid zones. The humid zone is mountainous with natural vegetation formed mainly
by cork forests (Quercus suber, Q. faginea) while the sub-humid zone’s natural vegetation is
mainly Olea europea, Pistacia lentiscus, Q. suber and Ceratonia siliqua, associated with annual
crops (wheat), grazing areas and rangeland. More than 65% of the cattle herds are found in
these two zones, where the tick fauna is varied and composed of species belonging to five
genera (Hyalomma, Rhipicephalus, Ixodes, Dermacentor and Haemaphysalis) [36].

In the semi-arid zone, rainfall ranges between 200 and 500 mm per year, while in the
arid zone rainfall is less than 200 mm per year. In these two bioclimatic zones, situated in
northern and southern parts of the country, temperatures are generally high, and land is
degraded due to deforestation and desertification. In the highlands the main native plant
species are Quercus ilex, Pinus halepensis and Juniperus phoenicea [36]. In the arid (lowlands),
the vegetation is dominated by Stipa tenacissima, S. parviflora, and Artemisia herba [36].
About 60% of the sheep and goats are grazed in the center of the country (semi-arid and
arid areas) with traditional system (ranching) of production. Sheep and goats traditionally
graze on hillsides and steppes in winter and stubble in summer. Tick fauna is limited to a
few species belonging to the Hyalomma and Rhipicephalus genera.

Details relating to the animals’ breed, age, sex, season, bioclimatic zone, type of
breeding and tick infestation status were obtained from the RESTUS project databases. All
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studied animals were apparently healthy, and the majority were born and reared in Tunisia,
however according to the circumstances (e.g., abundant pasture) the farmers introduce
imported animals into their herds for fattening. Tunisia’s climate is a Mediterranean
climate with cool, moist winters and dry, hot summers. Rainfall and temperatures vary
considerably from north to south; the latter is bordered by the Sahara Desert. Consequently,
there is a declining rainfall gradient from north to south.

4.3. Serum Samples

Investigated banked sera were selected by simple random sampling to be screened for
antibodies against CCHFV and RVFV. A total of 879 serum samples from cattle (n = 328),
sheep (n = 325), and goats (n = 166), were tested for CCHFV antibodies and 699 among
them were screened against RVFV antibodies (cattle n = 299, sheep n = 235, and goats
n = 165) (Table 1). The age of the cattle ranged between 1 to 13 years and was classified into
two categories: young (<18 months) and adults (>18 months) while small ruminants were
classified as either young (6 months to 1 year in order to exclude animals with maternal
antibodies) or adults (>1 year) (Tables 3 and 4).

4.4. Serological Investigation
4.4.1. CCHFV and RVFV Enzyme Linked Immunosorbent Assays (ELISAs)

Serum samples were tested using the commercial ID Screen® Rift Valley Fever Com-
petition Multispecies ELISA kit (cELISA; Innovative Diagnostics; Montpellier, France)
for the detection of RVFV antibodies (IgM/IgG) and ID Screen® CCHF Double Antigen
Multi-species ELISA (Innovative Diagnostics; Montpellier, France) for the detection of
CCHFV antibodies (IgM/IgG). According to previous assays, both kits have a validated
diagnostic sensitivity and specificity [89,90]. The diagnostic sensitivity and specificity of
the ID Screen® RVFV cELISA was found to be 98% and 100%, respectively, by most labs
which participated in a European ring trial evaluating ELISAs used for RVFV diagnosis.
The diagnostic sensitivity of the ID Screen® CCHF Double Antigen Multi-species ELISA is
reported to be 98.9% (CI (95%): 96.8-99.8%) and the diagnostic specificity 100% (CI (95%):
99.8-100%) [89,90]. The target antigen in both ELISAs is the nucleocapsid protein of the
respective virus. ELISA protocols were conducted according to manufacturer’s instructions
and sera were tested in pools of two serum samples. The OD for each sample was read at a
wavelength of 450 nm. The results of the anti-CCHFV and anti-RVFV antibody detection
were calculated as a percentage of the positive or negative control, respectively, as indicated
by the manufacturer.

4.4.2. CCHFV and RVFV Indirect Inmunofluorescence Assays (IIFA)

Based on the performance of the IgG/IgM ELISAs, sera with a negative result were
interpreted as negative. All sera with positive or inconclusive results using IgG/IgM ELISA
kits were analyzed by confirmatory modified commercial IgG CCHFV and RVFV IIFA kits
(Euroimmun, Liibeck, Germany) according to the previously published protocol [50,87,88].
Pooled serum samples were tested individually by IIFA. Briefly, sera were diluted 1/20
and 1/100, respectively in sample buffer (ready for use). A total of 25 uL of diluted sera
was incubated with the IIFA slides, which contained either a mixture of RVFV infected and
non-infected Vero E6 cells (in the case of the RVFV IIFA), or CCHFV-GPC or CCHFV-NP
transfected and non-transfected cells (in the case of the CCHFV IIFA) for 30 min at room
temperature. All washing steps (10 min each) were performed in PBS-Tween 20. After the
first wash, 25 pL of rabbit anti-bovine IgG Fluorescein isothiocyanate (FITC) conjugate
(Sigma-Aldrich, France) or rabbit anti-goat IgG FITC conjugate (Sigma-Aldrich, France) or
rabbit anti-sheep IgG FITC conjugate (Sigma-Aldrich, France) (used for cattle, goat and
sheep sera, respectively) diluted 1/200 in PBS-Tween 20 (containing 0.005% Evans blue)
was added to each slide. Following a second washing step, the slides were dried, and
glycerin was added. The slides were visualized with a fluorescence microscope (Leica
microscope dm 1000 led, Wetzlar, Germany).
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4.4.3. RVFV-IgM ELISA

Positive samples identified using the RVFV cELISA kit were then tested by the ID
screen® Rift Valley Fever IgM capture ELISA kit (Innovative Diagnostics; Montpellier,
France) following the manufacturer’s instructions, in order to detect RVFV IgM antibodies.

IgM antibodies directed against the nucleocapsid protein (NP) of CCHFV were not
tested due to the absence of a valid commercialized kit.

4.5. Statistical Analysis

Descriptive epidemiological measures were calculated using statistical software IBM
SPSS (Version 23.0. IBM Corp: Armonk, NY, USA) to determine the seroprevalence of
CCHFV and RVFV in the different study sites with 95% confidence intervals (CI). Univariate
analysis was performed and the association between seropositivity and risk factors (breed,
age, sex, season, bioclimatic zone, type of breeding, and tick infestation) was assessed
using the chi-square test. Statistical significance was defined as a two-tailed p-value < 0.05.

5. Conclusions

Our study confirms previous CCHFV and RVFV infection among native ruminants
in Tunisia. These results support the implementation of an early detection system and
the active control of these diseases in Tunisia to protect human population. In the case of
RVEV, vaccination could constitute a solution to protect livestock, since both inactivated
and live-attenuated vaccines have been approved for veterinary use. The reported sero-
prevalences raise an important public health threat that needs to be further explored by
conducting fine-scale eco-epidemiological studies to investigate the dynamics of the vector-
host-environment interaction of these viruses in Tunisia and its neighboring countries
Algeria and Libya. This will allow us to better understand the risk factors for infection in
an ecosystem that has a high probability of becoming endemic for these viruses. Besides,
the high-risk human groups (e.g., slaughterhouse workers and butchers) and the Hyalomma
tick distribution should be considered to better predict and respond to eventual CCHF and
RVF human cases.
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