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Abstract

Crimean-Congo hemorrhagic fever (CCHF) is an acute, tick borne disease often associated with hemorrhagic presentations
and high case fatality rate. Kosovo is a highly endemic area for CCHF, with a significant case fatality rate. The aim of our
study was to determine the prevalence of CCHF in Kosovo. We tested 1105 serum samples from healthy population in both
endemic and non-endemic areas in the country. Our results revealed a seroprevalence of 4.0% (range 0-9.3%) which is
comparable to the seroprevalence in other countries. We show that seroprevalence is correlated to the disease incidence in
each studied municipality. We also tested 401 animal sera (353 cow, 30 sheep, 10 goat and 8 chicken) in four endemic
municipalities in Kosovo. We detected specific antibodies in all animals except in chicken. Seroprevalence in cows is
comparable to other endemic areas and correlates to the seroprevalence in humans. No CCHF RNA could be detected in 105
tick samples obtained in 2012 and 2013. Sequencing of CCHFV positive ticks from 2001 revealed that the virus is most
closely related to viral strains that were detected in CCHF patients from Kosovo. Results suggest that mild CCHF cases are
most probably underdiagnosed and consequently that the burden of disease is higher than reported. Our study provides
key information for CCHF surveillance and raises awareness for possible imported cases in CCHF non-endemic countries.
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Introduction

Crimean-Congo hemorrhagic fever is an emerging tick-borne
zoonotic disease often associated with hemorrhagic presentations
and a case fatality rate of 10-50%. Causative agent is the
Crimean-Congo hemorrhagic fever virus (CCHFV) (genus Nair-
ovirus, family Bunyaviridae), the most widespread tick-borne virus
in the world. CCHF cases have been reported in Africa, south-
eastern Europe, Middle East, and Asia, with significant increase in
disease incidence in the last decade, especially in the south-eastern
Europe [1].

Kosovo, a south-eastern European country, is an endemic area
for CCHF. It covers an arca of approximately 11,000 km? with a
population of 1.9 million. The endemic zone, which represents
half of the Kosovo territory, is characterized by a hot and dry
climate, low bushes and high density of agriculture and farming.
Climate is influenced by continental air masses resulting in
relatively cold winters and hot and dry summer and autumn.
These conditions provide an ideal ecosystem for Hyalomma ticks
which are the main vector of CCHFV [2,3].

CCHF has been present in Kosovo for at least a half of century.
The first documented cases date back to 1957, when seven fatal
cases were reported. Since then, CCHF cases emerged sporadi-
cally until 1995 when 46 confirmed cases were reported, with 7
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fatal cases [4]. Based on the records of the Institute of Public
Health of Kosovo, from 1995 to August 2013, the number of
confirmed cases rose to 228, with 59 fatalities (Table 1). The
causative strain of CCHF in Kosovo is CCHFV Hoti, which was
isolated during the 2001 epidemic [5]. Case fatality rate of CCHF
infections in Kosovo is on average 25.5% [4]. This case fatality
rate is much higher than the reported case fatality rate in Turkey
(5-10%), another highly endemic country in vicinity [6]. The
reasons for the observed difference in the case fatality rates has
never been determined or studied. Possible explanation for this
could be a lower rate of diagnosis of mild and asymptomatic cases
in Kosovo, difference in virulence of the causative virus strains or
host immune genetic differences in the populations. Because of the
yet unexplained high case fatality rate and the increasing incidence
of CCHF, Kosovo represents a hot spot for deadly CCHF
infections and can serve as a model region for studies of disease
prevalence and spread. This importance is heightened because of
its vicinity to other European countries where no cases have yet
been reported but do have competent tick vectors [7].

Whereas clinical cases have been extensively studied in previous
studies, there is limited knowledge about the overall seropreva-
lence of the disease in Kosovo [4,8-10]. For this reason, the aim of
our study was to determine the (sero)-prevalence of CCHFV in
general population and animals in Kosovo.
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Methods

CCHF seroprevalence in general population of Kosovo

We included 1105 serum samples from residents (46% male) of
15 Kosovo municipalities (both endemic and non-endemic).
Samples were obtained from May to December 2012 from
residents administered to primary health-care centers for blood-
testing with no signs of infectious disease illness. Sampling was
therefore not targeted to individuals with a higher risk of infection
(eg. individuals reporting a tick-bite) but to a general population.
Median age of participants was 45 years (range 0-85 years).
Distribution of samples in different age groups was comparable:
126 (<20 y/o.), 161 (20-30 y/o0), 163 (30-40 y/0), 208 (40-50 y/
0), 182 (50-60 y/o0), 142 (60-70 y/0) and 113 (>70 y/o).

Samples were tested for the presence of anti- CCHFV IgG
antibodies with VectoCrimea - CHF - IgG ELISA (Vector Best,
Novosibirsk, Russia). We chose VectoCrimea - CHF - IgG ELISA
because of its high sensitivity, specificity and the overall high score
as evaluated in a multicenter study of CCHF diagnostic tests, by a
working group of experts from reference laboratories under the
initiative of the European Network for Diagnostics of Imported
Viral Diseases [11] and to allow better comparison to other similar
studies [16—17].

Research was approved by the National Medical Ethics
Committee of the Republic of Kosovo, protocol number 05-
3193/2. National Medical Ethics Committee of the Republic of
Kosovo waived the need of a written informed consent, but oral
informed consent was obtained from all donors or the next of kin.
We followed the principles of the Helsinki Declaration, the Oviedo
Convention on Human Rights and Biomedicine, and the Slovene
Code of Medical Deontology. All human samples were anon-
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Table 1. CCHF case statistics from 1995 to August 2013.

Year Cases Deaths Incidence (per 100,000) CFR' [%]
1995 46 7 229 15.21
1996 9 5 1.04 21.70
1997 0 0 0 0.00
1998 1 0 0.04 0.00
1999 3 2 0.3 28.60
2000 1 0 0.09 0.00
2001 31 7 13 22.60
2002 14 3 0.57 21.40
2003 6 3 0.4 50.00
2004 16 2 1.04 12.50
2005 11 5 0.68 45.40
2006 5 2 0.3 40.00
2007 2 2 0.12 100.00
2008 5 1 0.41 14.30
2009 10 3 0.81 21.40
2010 29 7 1.2 24.10
2011 5 0 0.3 0.00
2012 12 2 0.63 16.70
2013 22 8 1.57 36.40
Total 228 59 0.69 2550
fCFR= case fatality rate.

doi:10.1371/journal.pone.0110982.t001

ymized and no additional sample was taken for the purpose of the
study.

CCHF seroprevalence in livestock

We investigated 401 animal sera (353 cow, 30 sheep, 10 goat
and 8 chicken) that were collected from June to November 2012 in
four endemic municipalities in Kosovo: Malishevé, Rahovec,
Kliné and Suhareké. Samples were taken from animals in
randomly selected villages, by local veterinary specialists. National
Medical Ethics Committee of the Republic of Kosovo waived the
need of a written informed consent or specific ethics approval
because the samples were primarily taken for routine diagnostic
surveillance by the local veterinary specialists. Animal owners
provided oral informed consent and gave their permission for the
collection of animal sera and their use in the study. All samples
and personal data were anonymized and no additional samples
were taken for the purpose of the study. Animal sera were tested
with an in-house immunofluorescence assay (IFA) using CCHFV
strain Hoti-infected Vero E6 cells, fixed on microscope slides.
Bovine antibodies were detected with Anti-Bovine IgG (whole
molecule)-FITC antibody (Sigma), sheep antibodies were detected
with rabbit Anti-Sheep IgG (H+L)-FITC antibody (KPL), goat
antibodies were detected with Anti-Goat IgG (whole molecule)-
FITC antibody (Sigma), chicken antibodies were detected with
Anti-Chicken IgG (whole molecule)-FITC antibody (Sigma).
Samples were initially diluted 1:10. Positive samples were further
diluted to 1:320.

CCHF prevalence in ticks

We collected 105 adult ticks from infested livestock in three
hyper-endemic municipalities (Malishevé, Rahovec and Kling)
between 2012 and 2013. Ticks were processed as described by
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Durmisi et al. [12]. Total RNA from tick homogenates was
extracted using Trizol Reagent (Invitrogen Life Technologies)
according to the manufacturer’s instructions. Presence of CCHFV
RNA was determined and quantified by a quantitative Real-Time
RT-PCR protocol described by Duh et al. [13]. Real-Time RT-
PCR positive samples were further processed with a nested RT-
PCR protocol described by Rodriguez et al. [14] which produces a
260 bp fragment of the CCHFV S segment. RT-PCR was
performed using the SuperScript III One-Step RT-PCR System
with Platinum Taq (Invitrogen Life Technologies) according to the
manufacturer’s instructions.

Additionally, we included 5 CCHFV RNA positive tick-pool
samples reported by Duh et al [13], which were processed as
described above, for sequencing and phylogenetic analyses.

Sequencing and nucleotide sequence analysis

PCR products were purified with the Wizard SV Gel and PCR
Clean-Up System (Promega), sequenced using the BigDye
Terminator 3.1 Cycle sequencing kit (Applied Biosystems) and
analyzed with the 3500 Genetic Analyzer (Applied Biosystems).

Nucleotide sequences were assembled and edited using CLC
Main Workbench software (CLC bio, Denmark). At least two-fold
read coverage was obtained for all sequences. Sequences were
aligned in MEGA version 6 using Muscle algorithm [15].
Nucleotide sequences were deposited to the GenBank database.
Nucleotide substitution model (GTR+G+I) was selected based on
Akaike’s information criterion (AIC) in jModelTest, version 2.1.4
[16]. Maximum likelihood phylogenetic analysis (with 500
bootstrap replicates) and depiction of phylogenetic trees was
performed in MEGA version 6 [15].

Results and Discussion

Forty-four participants (4.0%) had detectable IgG antibodies to
CCHFV. The highest seroprevalence was observed in the hyper-
endemic regions of Kliné (9.3%), Rahovec (9.0%) and Malishevé
(7.1%) (Figure 1A). Overall seroprevalence is comparable to other
endemic countries in the Balkan region, Bulgaria (2.8%) [16],
Greece (4.2%) [18] and Turkey (2.3%) [19] and notably lower
than in earlier reports from Turkey (10-19.6%) [20-22]. Rather
higher seroprevalence in these reports reflects the extreme rise in
CCHEF incidence in Turkey in the last 10 years [6] and probably
also the differences in sampling. Namely, only highly CCHF
endemic areas were included in these studies in Turkey. Thereby,
seroprevalence in the hyper-endemic areas in Kosovo is compa-
rable to the reports from Turkey. Since the overall seroprevalence
rates in both countries are comparable, our results suggest that
there is a high rate of unapparent infections in Kosovo. In this
view the burden of CCHF is most probably even higher than
reported.

Seroprevalence in Kosovo is generally consistent with cumula-
tive incidence of CCHF (from year 1999 to 2013) in different
municipalities (Figure 1B), with highest seroprevalence determined
in areas with highest incidence of the disease. However, there is
one exception of note; that is the seroprevalence in Mitrovicé
municipality, where no cases were reported to date. In order to
explain the situation we interviewed all serologically positive
participants and none reported a tick bite in the recent past or
travel to endemic zones. These results suggest that CCHFV could
have been present in this region in the past and has not been
recognized. Of note are also municipalities neighboring the hyper-
endemic regions (Kliné, Rahovec and Malishevé) with no CCHF
seroprevalence. The absence of IgG positives is most likely due to
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the low sampling numbers and the low seroprevalence of CCHF in
these areas.

Demographically, the majority of serologically positive partic-
1pant were male (69.7%), 6070 years old (median 62 years). Mean
age of seropositive participants is slightly higher than in previous
report and reports from other countries in the region [2, 4,
9_ENREF_8, 16_ENREF 10, 20]. These results indicate that
CCHEF has been present in Kosovo for a long time. This could also
be attributable to the fact that this population was mostly involved
with agriculture and therefore at higher risk of coming into contact
with infected ticks.

CCHFV specific IgG antibodies were detected in 65 (18.4%)
cows, 2 (20%) goats, 3(10%) sheep (Table 2). Seroprevalence in
cows was highest in Malishevé and Rahovec municipalities (31.0%
and 14.3% respectively). This is consistent with the highest
observed seroprevalence in healthy human population as well as
with the incidence rates of CCHF in Kosovo. In general, the
seroprevalence in animals is comparable to the observed
seroprevalence in livestock in other endemic countries [23-26].

Chicken were included in the study because while performing
collection of ticks in endemic areas, we observed that farms that
harbor chicken had no or only mild tick infestation compared to
neighboring farms with high tick infestation and no poultry. We
assume that the reason for this observation is the ingestion of the
ticks by chicken. No anti-CCHFV antibodies could be detected in
chicken, however the sample size was very small. Therefore
further efforts should be put out to determine the role of chicken in
containment of tick populations in endemic areas and their
serological status regarding CCHFV.

Furthermore, we analyzed 105 tick samples for the presence of
CCHFV RNA that were collected from livestock in the hyper-
endemic areas of Malishevé, Rahovec and Kliné. We could not
detect viral RNA in any sample. The absence of detectable
CCHFV RNA in ticks is somewhat surprising since a previous
report showed a 15% prevalence of CCHFV RNA in ticks in
Kosovo, in the same region [13]. This absence could be explained
by the fact that the sampling was carried out soon after the stables
were treated with acaricides. Also, a larger sample size should be
included in future studies. In order to explore genetic variability of
CCHFV in ticks in Kosovo, we then analyzed the CCHFV RNA-
positive ticks reported by Duh et al. [13]. We obtained partial S
segment sequences from three tick samples. Phylogenetic analysis
revealed, that the tick-derived CCHFV sequences clustered in the
European clade I, together with other sequences from Kosovo
(Figure 1D). Furthermore, the analysis revealed that two sequenc-
es clustered into a previously described Kosovo sub-linecage Al,
which includes the prototype Kosovo CCHFYV strain Hoti and its
variants that were detected in CCHF patients [27]. The other
sequence was closely related to the Al sub-lineage. These results
show, that tick-derived sequences from the endemic area are
closely related to the patient-derived sequences in Kosovo.
However, further studies are necessary in order to determine a
broader spectrum of genetic diversity of CCHFV in ticks in
Kosovo.

The results of our study clearly show an overlap between the
incidence rates of CCHF in Kosovo, seroprevalence in healthy
human population and the seroprevalence in animals. From an
ecological point of view, the results are consistent with the
ecological niches present in Kosovo. Seroprevalence is the highest
in regions with low vegetation and high density of farming. In
these areas the main occupation is farming and animal breeding.
Agriculture in these areas is limited to individual small farms and
people commonly get infected by a tick bite while in the pasture.
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Figure 1. Prevalence of CCHF in Kosovo A. Cumulative incidence (per 100,000) of CCHF (from 1995 to 2013) in each municipality of
Kosovo. Asterisk (*) represents a single reported CCHF case. B. Seroprevalence of CCHF in healthy human population in the studied municipalities of
Kosovo and the number of tested sera in each municipality (in brackets), C. CCHF seroprevalence in cows in the studied municipalities of Kosovo, D.
maximum likelihood phylogenetic analysis (with 1000 bootstrap) of partial (260 bp) CCHFV S segment nucleotide sequences. The map shows the
municipalities where ticks were collected (green and red) and the municipality (red) of the positive ticks that were included in the study for CCHFV
sequencing. Designations A1 and A3 represent Kosovo CCHFV sub-lineages described by Fajs et al. [27].

doi:10.1371/journal.pone.0110982.g001

On the other hand, areas of low seroprevalence are mostly wooded
areas or areas of high altitude.

Our study provides a comprehensive view of CCHFV (sero)-
prevalence in Kosovo, an important endemic area for CCHF.
High density of farming and agriculture in combination with
favorable climate conditions make it an ideal ecosystem for
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CCHFV. Seroprevalence results revealed CCHF outbreak hot
spots and will enable a more focused preventive approach towards
limiting the spread of this emerging disease in Kosovo. Our study
shows that Kosovo is an important region for CCHF and raises
awareness for diagnostics of imported cases in countries where
CCHTF is not endemic. In our view, further surveillance of disease
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prevalence and spread into new territories should be carefully
monitored in the future.
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