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Abstract

Background: Crimean-Congo haemorrhagic fever (CCHF) is a widespread tick-borne
zoonosis with reported detection of virus and/or virus-specific antibodies from over
57 countries across Africa, Asia, Europe and the Middle East and is endemic in the
Balkans. Detection of Crimean-Congo Haemorrhagic Fever Virus (CCHFV) antibodies
in domestic ruminants has been important in providing initial evidence of virus circula-
tion and in localising CCHFV high-risk spots for human infection.

Obijectives: The present study investigated the possible exposure of sheep to CCHFV
in Bosnia and Herzegovina (B&H).

Methods: To investigate the presence of anti-CCHFV antibodies in sheep, all sera
(n = 176) were tested using multi-species double antigen enzyme-linked immunosor-
bent assay (ELISA). Reactive sera were further complementary tested by adapted
commercial indirect immunofluorescence assay (IFA) using FITC-conjugated protein G
instead of anti-human immunoglobulins.

Results: CCHFV specific antibodies were detected in 17 (9.66%) animals using ELISA
test. All negative sera were determined as negative by both tests, while 13 out of 17
ELISA-positive reactors were also determined as unambiguously positive by IFA test.
The age group with the highest proportion of seropositive rectors were the oldest ani-
mals.

Conclusions: This is the first report of anti-CCHFV antibodies in sheep from B&H pro-
viding the evidence of CCHFV circulation in the country’s sheep population. So far,
these findings indicate the circulation of the virus in the westernmost region of the
Balkans and point to the potential CCHFV spread further out of this endemic area.

KEYWORDS
Bosnia and Herzegovina, CCHFV, serology, sheep, tick-borne diseases

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. Veterinary Medicine and Science published by John Wiley & Sons Ltd.

Vet Med Sci. 2022;8:1271-1275.

wileyonlinelibrary.com/journal/vms3 1271


https://orcid.org/0000-0002-0209-2661
https://orcid.org/0000-0003-0261-8771
https://orcid.org/0000-0003-1566-0266
https://orcid.org/0000-0002-1721-8474
https://orcid.org/0000-0003-2125-9743
https://orcid.org/0000-0002-4317-3433
mailto:teufik.goletic@vfs.unsa.ba
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/vms3

22 | WILEY

SATROVICET AL.

1 | INTRODUCTION

Crimean-Congo haemorrhagic fever virus (CCHFV; family Nairoviridae,
genus Orthonairovirus), the causative agent of Crimean-Congo haem-
orrhagic fever (CCHF) has been recognised as an emerging pathogen
of great importance with significant potential as a weapon of biological
warfare (Kuhn et al., 2020; WHO, 2021). CCHF is a widespread tick-
borne zoonosis with reported detection of virus and/or virus-specific
antibodies from over 57 countries across Africa, Asia, Europe and the
Middle East (Bente et al., 2013). The majority of human infections have
an asymptomatic clinical course; however the development of severe
clinical forms of the disease in infected people is not such a rare event
and should not be neglected (Bente et al., 2013; Portillo et al., 2021).
The transmission occurs through the bite of infected ticks; however,
blood and other body fluids of infected animals and human patients
represent an additional source of infection (Gunes et al., 2009). The
virus is maintained in an enzootic cycle between ixodid ticks, pre-
dominantly Hyalomma genus that serves as vectors and reservoirs
with transovarial, transstadial, venereal and non-viremic (co-feeding)
transmission among them, and wild and domestic vertebrates (Turell,
2007). Domestic ruminants, despite experiencing transient viremia,
remain clinically asymptomatic and pose latent sources of infection for
ticks and humans (Bente et al., 2013). Despite the well-known CCHF
endemicity in the western Balkan region (Messina et al., 2015), there
has been no evidence of CCHFV circulation in Bosnia and Herzegovina
(B&H). Furthermore, there are no control measures or surveillance pro-
grams for CCHF put in place. Detection of CCHFV antibodies in domes-
tic animals has been important in providing initial evidence of virus cir-
culation and in localising CCHFV high-risk spots for human infection
(Spengler et al., 2016). Moreover, it is well known that the first reports
of the disease in some countries coincided with the introduction of
effective control measures (Spengler et al., 2019). Therefore, our study
aimed to investigate the possible exposure of sheep to CCHFV in B&H.

2 | MATERIAL AND METHODS

Considering the aim of the study, the most suitable study area was
the southeastern part of B&H due to its specific geographic position,
that is, the proximity to CCHFV endemic regions in Serbia and Kosovo
(Figure 1). This area is characterised by the moderate continental cli-
mate from the north and the Mediterranean climate from the south
(Statistical Yearbook of Republika Srpska, 2018), known as a natural
habitat for ixodid ticks (Omeragic, 2011), that is, vectors of the disease.
Two municipalities Gacko and Nevesinje with associated local commu-
nities were selected for the study. Geographical and bioclimatic fea-
tures of the selected study area are given in Table 1.

Given that selection of the study area was convenient, the sampling
strategy was purposive, organised as risk-based two-stage sampling.
In the first stage, the target population was all sheep flocks located in
the previously selected municipalities. Afterwards, the source popula-
tion was drawn from the available lists of all sheep flocks submitted by
the State Veterinary Office of B&H, as well as local veterinary or agri-

cultural organisations, while in the second stage, the final study sam-
ple consisted of individual female animals from selected flocks. All indi-
vidual animals from each selected flock were randomly selected using
computer-generated random numbers, and the number of individual
animals per flock depended on the flock size.

A total of eight flocks were selected and 176 sera samples were col-
lected from individual animals with no clinical signs of the disease. The
average age of selected individual animals was three years. The sam-
pling procedure took place in the period May-June 2018. Blood sam-
ples (5 ml) were collected from the jugular vein (v. jugularis) of each
selected individual animal, using sterile needles and plain vacutainer
tubes. After collection, the samples were transported to the Laboratory
for molecular-genetic and forensic investigations where samples were
allowed to stand overnight at room temperature to obtain the serum.
Optionally, the samples were centrifuged at 3000 x g for 5 min. Serum
was pipetted into cryovials and stored at —20°C until being tested.

This study was conducted under the Law on Animal Protection and
Welfare of BH (‘Official Gazette BH’ issue number 316/09). Samples
were collected after acquiring permission from study participants. All
farmers/owners who participated in this provided their written con-
sent from all sheep owners expressing willingness to participate in the
study. This study was submitted to and approved by the relevant coun-
try’s Ethics Committee.

The collected serum samples were tested in duplicate by two inde-
pendent laboratories using a double-antigen ELISA kit (ID Screen®
CCHF Double Antigen Multi-species, IDVet) following the manufac-
turer’s instructions. The ELISA kit has high sensitivity and specificity:
98.9% (95% Cl: 96.8-99.8) and 100% (95% ClI: 99.8-100), respectively,
and is optimised for the detection of total antibodies against CCHFV
in serum and plasma samples of cattle, sheep, goats and other sus-
ceptible species (Sas et al., 2018). A second serological technique was
used to confirm the results obtained: all samples were tested with an
adapted version of the commercial indirect immunofluorescence assay
(IFA; CCHFV Mosaic 2, Euroimmun, Liubeck, Germany) using FITC-
conjugated protein G instead of anti-human immunoglobulins as sec-
ondary detection step (unpublished data).

3 | RESULTS

Out of 176 serum samples examined by ELISA, 17 (9.66%) were found
to be positive for CCHFV. The ELISA test results from both laborato-
ries were congruent, without any significant difference and therefore
presented as mean values of results obtained from both testing labo-
ratories (Table 3). The mean optical density (OD) value in the ELISA for
positive serawas 1.151 (n = 17; Max, 2.024; Min, 0.382; SD = 0.4669).
The OD for negative sera ranged from 0.012 to 0.163. Regarding the
geographic distribution, 14 (16.27%) positive reactors were found in
two sheep flocks in the municipality of Gacko while 3 positive reactors
(3.33%) were found in one sheep flock in the municipality of Nevesinje
(Figure 1). All tested animals were indigenous purebred Pramenka or
its crossbreeds. Except for age, all individual characteristics of reac-
tors were unknown due to the lack of written flock records. The age
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FIGURE 1 Selected municipalities in the southeastern part of Bosnia and Herzegovina (left corner) and the distribution of selected farms in
two previously selected municipalities. Seropositive individual animals/reactors to CCHFV were found in three farms (red squares), while there

were no seropositive individual animals in five farms (white squares).

TABLE 1 Characteristics of the selected study localities and sheep flocks in southwestern Bosnia and Herzegovina

Number of flocks

Region of (total number of Mean altitude
Location/municipality B&H animals) Bioclimatic status Latitude (N) Longitude (E)  (m)
Gacko Southeast 4(86) Moderate continental - pastures  43°10'1.99" 18°32'7.01" 940
Nevesinje Southeast 4(90) Moderate continental - pastures 43°15’31.00" 18°06'47.99" 860

TABLE 2 Thedistribution of CCHFV seropositive animals
represented over the age group in the sheep population in Bosnia and
Herzegovina

Number of seropositive/number of

Age group (years) tested (% =+ SE)

0-2 2/64(3.12 +2.17)
3-4 9/80(11.25 + 3.53)
5-6 6/32(18.75 + 6.89)

*Some age records were based on estimation

group with the highest proportion of seropositive rectors were the old-
est animals (Table 2). While IFA confirmed all negative samples as neg-
ative, 13 out of 17 ELISA positive samples yielded IFA positive results.
The remaining four samples gave inconclusive results (Table 3). All IFA
results in which it was not possible to unambiguously assess the flu-
orescence of both target proteins (CCHFV-GPC and CCHFV-N) or on
one of them while the other was negative were declared as inconclusive

results. However, these samples were not further retested.

4 | DISCUSSION

Thus far, there is no scientific data of CCHFV circulation in animals or
vectors, nor have the cases of the disease been reported in humans in
B&H. Hence, to the best of our knowledge, this study provides early
evidence of CCHFV circulation in animals in B&H. The exposure to
CCHFV, that is, the evidence of specific antibodies in the sheep pop-
ulation, was confirmed by serological tests. The discrepancy between
ELISA and IFA test may be due to known differences in the detectability
of sheep immunoglobulins by both kits: while ELISA is reactive to both
1gG and IgM, the latter would not be expected to react in the adapted
IFA. Indeed, this outcome may reflect different infection stages among
sampled animals (Dowall et al., 2012). In this study, older animals were
more likely to be seropositive for CCHFV in comparison with younger
animals (Table 2). This observation coincides with a recent study of age
dependent CCHFV seroprevalences in Mauritanian livestock (Schulz
et al.,, 2021). The simple explanation of this phenomenon is faced in the
possibility that older animals are exposed to CCHFV-infected compe-
tent vectors longer than younger animals, and thus becoming infected
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TABLE 3 Comparative presentation of results of two serological
tests (ELISA and IFA) used for investigation of CCHFV in sheep
population in Bosnia and Herzegovina

ID Screen® CCHF DA ELISA IFATEST
Optical S/P %
Sample no. density ratio POS/NEG POS/NEG
1 0.908 102.02 POS POS
2 2.024 215.96 POS POS
3 1.502 168.76 POS POS
4 1.023 114.94 POS POS
5 1.759 197.64 POS DBT
6 1.264 142.02 POS POS
7 1.29 144.94 POS POS
8 1.091 122.58 POS POS
9 0.382 54.61 POS DBT
10 1.759 197.64 POS POS
11 1717 192.92 POS POS
12 1.694 190.34 POS POS
13 1.361 152.92 POS DBT
14 1.282 144.04 POS POS
15 1.913 214.94 POS POS
16 1.231 138.31 POS DBT
17 1.239 139.21 POS POS

with the virus. Considering genetic and antigenic close relationships
with other Orthonairoviruses, the possibility that antibodies directed
against them might interfere with current CCHFV serological assays
should not be neglected (Kalkan-Yazici et al., 2021). In case that such
antibodies led to false-positive CCHFV test results, the distribution
and prevalence of CCHFV could be rather overestimated, especially in
regions where other Othonairoviruses are prevalent (Hartlaub et al.,
2021). However, considering that there is no scientific evidence of the
introduction and circulation of other Orthonairoviruses in the Balkan
region, the possibility of serological cross-reactions is substantially low.

Possible factor that could have contributed to the emergence of
seropositive individual animals in the southeastern parts of the coun-
try is a favourable climatic condition for the life cycle of ticks, espe-
cially from the genus Hyalomma. In addition to vectors, the specific geo-
graphic position of the investigated area, that is, relative proximity to
endemic regions in eastern neighbouring countries (Serbia, Kosovo and
Montenegro), could partially contribute to the CCHFV emergence in
B&H. This can be explained by the nomadic and semi-nomadic pastoral-
ism and the possibility of illegal cross-border transport and trade of ani-
mals from the CCHFV endemic regions to the naive sheep population
in B&H. In such a situation and given the fact that there is no CCHFV
surveillance program in B&H, the import of potentially infected ani-
mals and vectors cannot be completely ruled out. Based on our results,
favourable climatic and ecological conditions with the proven presence
of competent vectors in B&H (Omeragic, 2011) as well as reports of
CCHF/CCHFV detection in the rest of the Balkan region (Dreshaj et al.,

2016), it is reasonable to assume that there is a possibility for CCHFV
circulation in B&H as well. However, taking into account a relatively
small study area and the number of investigated animals, the results
presented here warrant further widespread investigation to get a real
picture of the circulation of CCHFV in the whole country. In line with
this, our further research will focus on gathering additional serologic
as well as molecular evidence of CCHFV circulation in this but also
in other regions of B&H, both in ticks and in susceptible vertebrates.
At the same time, it is necessary to increase the level of caution and
awareness in the medical and veterinary sectors at the national level
due to enhanced risk of infection for humans in close contact with
the potentially infected animals, following the principles of the ‘One
Health’ concept. Moreover, it is of paramount importance to develop
an effective CCHFV surveillance program for humans, animals and vec-
tors in B&H. Last but not least, our results indicate the circulation of
the virus in the westernmost region of the Balkans so far and point to
the potential CCHFV spread further out of this endemic area. Along
with recent reports of established circulation of CCHFV genotypes in
Spain (Negredo et al., 2021), data reported herein suggest the narrow-
ing of the gap between the well-known endemic regions and Western
Europe. The threat of possible continuous expansion and circulation
of the virus over Central Europe and further throughout the continent

should not be disregarded.
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