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Abstract

Crimean-Congo hemorrhagic fever (CCHF) is an important zoonotic viral disease that is asymptomatic in
infected livestock, but poses a serious threat to humans. The high fatality rate may be due to phylogenetic
variations in the virus, transmission routes, and a lack of an efficient surveillance system for the disease. The
geographical features of the eastern and southeastern borders of Turkey may facilitate transmission of viruses
between countries of the region. Therefore in this study we focused on the genetic relationship between Turkish
and Iranian CCHF viruses based on their S-segment sequences. The research was performed on a total of 104
blood samples from small ruminants reared in southwest Iran. The results of phylogenetic analysis showed that
Iranian CCHF virus isolates were closely related to human-originating Turkish Group II viruses from a Euro-

pean lineage reported previously.
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Introduction

CRIMEAN-CONGO HEMORRHAGIC FEVER (CCHF) is a zoo-
notic viral disease that poses a serious threat to humans,
in contrast to its asymptomatic course in infected livestock.
Human infections begin with nonspecific febrile symptoms,
but progress to a serious hemorrhagic syndrome with a high
case fatality rate of 2-50%. Although the causative virus is
often transmitted by ticks, animal-to-human and human-to-
human transmission also occurs. The disease is one of the
most widely distributed viral hemorrhagic fevers occurring in
Africa, the Middle East, Asia, and some parts of Europe
(Chinikar et al. 2010a).

It is well documented that infections can travel long dis-
tances with infected individuals or via virus-carrying infected
vectors. Infections may cross borders by regular or uncon-
trolled movement of infected persons, resulting in the emer-
gence or recurrence of new strains or variants of viruses. The
geographical features of the eastern borders of Turkey may
facilitate uncontrolled and/or illegal animal movements be-
tween countries of the region (Fig. 1). It is well known that

Turkey is a target in the region for the trade of uncontrolled
small ruminants by its neighbors. For this reason, numerous
important animal diseases are reported there each year. Eco-
nomic analyses recently showed that approximately 50% of
the meat consumed in Turkey is from illegally-imported ani-
mals (Anonymous, 2010). Like many other countries, Turkey
has been suffering from these infectious diseases, particularly
in animals. Foot-and-mouth disease (FMD) and peste des
petits ruminants (PPR) are two of the most important viral
diseases, and they cause several million dollars of economic
losses each year in Turkey. In a previous study, FMD virus
serotypes detected in Turkey were shown to originate from
Afghanistan and get into Turkey through Iran (Klein et al.
2006), and probably spread to Bulgaria by the animal trade
(Murray et al. 2011). Another serious instance of uncontrolled
animal movement causing livestock problems is the detection
of Asian lineage (IV) PPR virus in northeastern Africa, which
threatens continental Europe (Kwiatek et al. 2011).
Crimean-Congo hemorrhagic fever (CCHF) has existed for
many years in northwest Iran, in Ardebil, and in eastern
and western Azerbaijan provinces under the local name
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FIG. 1. Map of Iran showing the location of Chaharmahal-
va-Bakhtiari province (the black area in southwestern Iran),
where the small ruminant samples were collected.

“Kara-Mikh typhoid fever.” Numerous investigations begin-
ning in the 1970s have reported the presence of CCHF in Iran
(Hoogstraal, 1979; Sureau et al. 1980; Chinikar et al. 2005,
2008).

The epidemiology and phylogeny of the virus have been
investigated in multiple reports, but these have generally
concentrated on the phylogenetic relationships among se-
quences from a single segment, or have studied all three
segments but with a limited number of sequences, or have
concentrated on a specific region. Most recently, Han and
Rayner (2011) collected all publicly-available full-length S
segments for CCHF virus and projected phylogenetic trees
based on the nucleotide alignments. Their trees predicted
several major clades that were consistent with previous
findings, and which supported geographical subdivision.
Each of the trees exhibit clear geographic subdivisions,
identifying seven clades that were named Asia 1, Asia 2,
Europe 1, Europe 2, Africa 1, Africa 2, and Africa 3, and
which are consistent with results from previous studies (Han
and Rayner 2011). In another report, the global occurrence of
CCHEFYV genotypes was described based on migration events
between neighboring geographic areas, and this hypothesis
was proved by analysis of tree topology of the maximum-
likelihood phylogenies (Mild et al. 2010). These reports
suggested that the most likely panmixia occurred in geno-
type Asia 1 for viruses reported from Iran, Pakistan, Oman,
and Iraq. The clade Asia 2 includes viruses reported from
China, Tajikistan, and Uzbekistan (Mild et al. 2010; Han and
Rayner 2011). The Asian genotype was not reported from
Turkey, and the European genotype was not reported from
Iran in these articles.

In this article, we highlight the possible migration of CCHF
virus between Iran and Turkey, where there have been recent
increases in disease occurrence. Here we describe the phylo-
genetic relationships between CCHF viruses detected recently
in Iranian sheep and goats, based on partial nucleotide se-
quences of the S-segments.
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Materials and Methods

A total of 104 blood samples were collected from small
ruminants reared in Chaharmal-Va-Bakhtiari province in
southwest Iran (Fig. 1). Eleven of the samples were taken from
goats and the rest were from sheep. The ages of the sampled
animals varied between 5 months and 6 years in goats, and 3
months and 6 years in sheep. The majority of the animals were
female. Viral RNA was isolated from serum and/or plasma
samples using a viral RNA mini kit (Qiagen, Hilden, Ger-
many), according to the manufacturer’s instructions, and
RNA samples were immediately transferred the laboratories
of the Virology Department of the Faculty of Veterinary
Medicine, Ankara University, which performed all molecular
virological studies. Synthesis of individual cDNAs, partial
amplification of S-segments, and subsequent sequence anal-
ysis in positive samples, were carried out as described pre-
viously (Ozkaya et al. 2010). The S-segment sequences
obtained from Iranian CCHF viruses were submitted to
GenBank, and were used for phylogenetic evaluation in
comparison to regional and global CCHF virus S-segment
sequences that were also acquired from GenBank. The evo-
lutionary history of the Turkish and Iran isolates, based on
regional sequence comparisons, was inferred using the
neighbor-joining (NJ) method (Saitou and Nei 1987).The
evolutionary distances were computed using the maximum
composite likelihood method (Tamura et al. 2004). Phyloge-
netic analyses were conducted using MEGA4 (Tamura et al.
2007).

Results

Four sheep were found to be positive for CCHF virus RNA,
while all of the goats were negative. All viremic sheep were
female. To investigate the genetic relationships of the CCHF
virus strains circulating between Iran and Turkey, amplicons
(536 nt long) obtained from four PCR positive samples were
successfully sequenced and their accession numbers were
assigned as HMS853679, HMS853680, HMS853681, and
HMB853682 for CCHEF virus Iranian isolates IR5/Sh/09, IR31/
Sh/09, IR32/Sh/09, and IR50/Sh/09, respectively. The nu-
cleotide identity of Iranian CCHF virus S-segment sequences
was found to be between 98.4% and 100%. The NJ analysis of
S-segment sequences of Iranian CCHF virus isolates showed
that viruses from Iranian animals were closely related to
previously reported Turkish Group II viruses (local topotype),
belonging to a European lineage.

Discussion

Our findings show that the livestock sequences we studied
may be new variants, which are related to a European lineage
of viruses, and did not show any similarities to the previously-
sequenced human-originating Iranian samples of Asian line-
age. This finding is in accord with those of a previously
published study (Chinikar et al. 2008), indicating that a new
variant may be circulating in Iran. To understand the migra-
tion patterns of CCHF virus between countries, phylogenetic
and statistical studies have recently been published (Hewson
et al. 2004; Deyde et al. 2006; Mild et al. 2010; Chinikar et al.
2010Db). In one of those studies, Turkey was proposed to be a
potential source for CCHF throughout Europe (genotype 4) in
the west, and Iran in the east (Mild et al. 2010). The results of
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FIG. 2. Phylogenetic analysis of CCHF virus isolates (un-
derlined) from the Chaharmahal-va-Bakhtiari province of
southwest Iran. The GeneBank accession numbers for the
nucleotide sequences of the CCHF viruses used in the phy-
logenetic analysis were given in a previous report (Ozkaya
et al. 2010). Bootstrap values are given at the nodes of the
internal branches. The bar indicates 0.02 nucleotide substi-
tutions per site.
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our study also showed that Iranian CCHF viruses of animal
origin were found to be closely related to the Turkish CCHF
viruses of human origin in Group II reported previously
(Ozkaya et al. 2010). On the other hand, as illustrated in Figure
2, the underlined sequences obtained in this study were not
located together with other human-originating Iranian CCHF
viruses detected in 2002 and 2005, which have an Asian lin-
eage. This finding might indicate that the virus could be im-
ported into Turkey via trans-border animal movements, as
there are many uncontrolled animal movements into Turkey
via its eastern borders. East and southeast Iran, where Sistan
and Baluchistan provinces are located, have many cases of
suspected, confirmed, and reported cases of CCHF (Izadi et al.
2004). This region borders Afghanistan and Pakistan, where
CCHEF is endemic, and there are nomadic populations there
who traditionally eat sheep and goat meat (Alavi-Naini et al.
2006). In addition, sheep and goats that are reared in Cha-
harmal-Va-Bakhtiari do not move into northwest regions,
although many annually move south (to Fars and Khuzestan
provinces) during the cold season.

The results of our study also suggest that livestock tradi-
tionally reared between the Turkey, Iran, and Iraq borders,
might serve as a biological mixer for near and far eastern
CCHEF virus strains, and these animals may facilitate the
spread of viruses west or east. These imported, or migrating,
strains might also have caused changes in the gene pools in
Turkey, resulting in the occurrence of a local topotype (Oz-
kaya et al. 2010).

In conclusion, CCHF is endemic in Iran, and also in
neighboring Turkey, which is closer to Europe. Thus pre-
cautionary measures and control programs for CCHF in
both countries could be beneficial to the eastern part of
continental Europe. These findings will help to determine the
virulence factors and pathogenesis of local CCHF viruses at
the molecular level. Consequently, understanding the ge-
netic relationships among CCHF viral strains from different
regions will help in the development of molecular diagnostic
strategies for vaccine development and control of disease.
Although our results agree with those of others (Mild et al.
2010), which indicate that CCHF virus is spreading be-
tween neighboring countries, analysis of these patterns and
estimates of the rates of spread require more biological
exploration.
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