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Abstract

Crimean-Congo hemorrhagic fever (CCHF) is a zoonotic viral disease that is asymptomatic in infected livestock,
but causes a serious threat to humans with a mortality rate up to 50%. Although the CCHF virus (CCHFV) is
often transmitted by ticks, livestock-to-human and human-to-human transmission also occurs. In the current
study, we focused on CCHF in the province of Isfahan, located in the center of Iran and deemed to be the second
most infected province. Human and livestock sera and resident ticks in the livestock are collected from different
regions of the province and analyzed with specific IgG ELISA and RT-PCR tests. Overall, 12% and 12.7% of
studied human and livestock populations were IgG positive, respectively. The genome of CCHFV was detected
in 9% of ticks resident in livestock involved in this survey. The CCHFV isolates from infected ticks were
genetically examined. Nucleotide sequence of the S-segment revealed that the different isolates were closely
related to each other, with nucleotide sequence identities higher than 98%. Phylogenetic analysis demonstrated
that a variant isolate clustered with the Iraq strain. This high proportion of IgG-positive sera and nearly high
proportion of infected ticks increases the risk of CCHF outbreaks in the province and probably posits a great
danger to other provinces.
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Introduction

Crimean-Congo hemorrhagic fever (CCHF) is a tick-
borne viral zoonosis with up to a 50% mortality rate in

humans that occurs widely in Africa, Asia, and Eastern Eur-
ope (Hoogstraal 1979, Watts et al. 1988, Camicas et al. 1994).
The disease is caused by CCHF virus (CCHFV), a seg-
mented, negative-stranded RNA virus belonging to the family
Bunyaviridae, genus Nairovirus (Donets et al. 1977, Martin et al.
1985, Drosten et al. 2002). The virus is transmitted to humans
through the bite of Ixodid ticks (mainly of the genus Hya-
lomma) by contact with blood or tissues of infected or noso-

comial livestock (Begum et al. 1970, Suleiman et al. 1980, van
Eeden et al. 1985, Logan et al. 1989, Gonzalez et al. 1992,
Chinikar et al. 2008). The main course of CCHF has been noted
by authors as progressing through four distinct phases in-
cluding incubation, prehemorrhagic, hemorrhagic, and con-
valescence (Swanepoel et al. 1987, 1989, Whitehouse et al.
2004, Ergonul 2006, Papa et al. 2006). Although CCHFV often
causes fatal hemorrhagic manifestations in humans, there is
no evidence of the disease in livestock.

With a high proportion of human confirmed CCHF cases,
Isfahan, the central province of Iran, ranked the second most
infected province (Chinikar et al. 2008). Similar to all other
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vector-borne diseases, the presence and persistence of zoo-
notic foci of CCHF infection depend on biological and eco-
logical relationships between the CCHFV, ticks, and
vertebrates, particularly cattle and sheep (Randolph and Ro-
gers 2007). However, we hypothesize that the ser-
oepidemiological survey in this endemic area will possibly
reveal a prevalence of anti-CCHFV antibodies in people with
high-risk professions and livestock. Therefore, we choose to
perform a cross-sectional study in the high-risk places of the
Isfahan province (e.g., slaughtering houses) as well as the
human population in close contact with infected livestock
(e.g., livestock breeders, abattoir workers) or with infected
humans (e.g., health care workers). Since the genetic diversity
of CCHFV in this geographic region is still unclear, we at-
tempt to better understand the genetic relationships among
the different CCHFV isolates, and to precisely determine the
genotypes of circulating strains. In the current study, ticks are
also collected from different high-risk regions of the province,
and the detected CCHFV genome is genotyped on partial
sequencing of the S-segment; these important data will sub-
sequently help to implement more suitable procedures for the
control and surveillance of CCHF in this province and adja-
cent provinces.

Materials and Methods

A cross-sectional study on human, livestock, and tick
population was conducted in the spring and summer of 2008
in 8 townships of the Isfahan province, including Isfahan,
Golpayegan, Kashan, Najaf Abad, Mobarakeh, Barkhovar
and Meymeh, Khomeini Shahr, and Shahreza. Before sam-
pling, a pretested self-administered questionnaire was used for
data collection. The participants completed the questionnaire
anonymously, and confidentiality was maintained. The ques-
tionnaire asked for information on age, sex, residential area,
profession, clinical and epidemiological queries regarding the
CCHF disease, some precautious cases in working on livestock,
and history of tick contact. Similarly, a questionnaire was
performed for livestock samples, consisting of information on
species, sex, and age and tick infestation. Also, the collected
ticks of the livestock were taken as a code, thus showing their
correspondence to that host livestock.

Blood samples (10 mL each) were collected from the enrolled
human and livestock subjects and immediately centrifuged at
the local laboratory in a veterinary organization for serum tak-
ing. The sera were kept in - 20�C and transmitted on ice to
Arboviruses and Viral Hemorrhagic Fevers laboratory (National
Ref. Lab) in Pasteur Institute of Iran. All laboratory tests in-
cluding molecular and serological analyses were performed in
biosafety level 2 under negative pressure, were previously val-
idated (unpublished data), and are annually re-validated. The
RT-PCR master mix solution was provided in a filtered clean
chamber with positive pressure to avoid a false-positive result.

Serological assay

For IgG detection, ELISA plates were coated with mouse
hyperimmune ascetic fluid diluted in 1 · PBS and incubated
overnight at 4�C. The native (produced in biosafety level 4
containment) or recombinant antigen (a recombinant nucle-
oprotein expressed in mammalian cells via the recombinant
Semliki Forest alphavirus replicon), diluted in PBSTM (PBS
containing 0.05% Tween 20 and 3% skim milk), was added to

the plates, and the plates were incubated for 3 h at 37�C and
extensively washed. Serum samples diluted in PBSTM were
added, and the plates were incubated for 1 h at 37�C. After
washing, the peroxidase-labeled anti-human or animal im-
munoglobulin diluted in PBSTM was added to each well, and
the plates were incubated for 1 h at 37�C. The plates were then
washed thrice with phosphate-buffered saline containing
0.5% Tween (PBST), which had also been used for washing the
plates after each of the incubation periods. Finally, hydrogen
peroxide and 3,3¢,5,5¢-tetramethylbenzedine were added, and
the plates were incubated for 15 min at room temperature. The
enzymatic reaction was stopped by the addition of sulfuric
acid (4N). The plates were read by an ELISA reader at 450 nm.
Positive and negative control sera were included in each test
(Garcia et al. 2006, Chinikar et al. 2008). The sample with an
OD higher than 0.15 was considered positive, and this is de-
ducted of the OD of negative controls.

Molecular assay

Forty-four ticks were individually washed twice by PBS
1 · (PBS, pH 7.4) and crushed with mortar and pestle in 200–
300 lL of PBS1 · . Then, Viral RNA was extracted from each
tick by using the QIAamp Viral RNA Kit according to the
manufacturer’s instructions (QIAgen GmbH, Hilden, Ger-
many). The extracted viral RNA was subsequently analyzed
by Gel-Based and qualitative real-time RT-PCR with the One-
Step RT-PCR Kit (QIAgen GmbH, Hilden, Germany) and the
use of specific primers: F2 5¢TGGACACCTTCACAAACTC3¢
and R3 5¢GACAATTCCCTACACC3¢. These primers were
selected to amplify a 536-bp fragment of a highly conserved
region inside the S-segment of the CCHFV genome. The PCR
was done in a total volume of 50 ll for 30 min at 50�C, 15 min
at 95�C, and 40 cycles including 30 s at 95�C, 30 s at 50�C, 45 s
at 72�C, and, finally, 10 min at 72�C as a final extension. The
CCHFV genome extracted from an already confirmed RT-
PCR-positive serum was used as the positive control, and no
template control (NTC) and no template (NC) were used as
the negative controls in RT-PCR tests (Chinikar et al. 2004,
2008). Those RT-PCR tests with a 536bp band that do not have
the band in both NTC and NC are considered positive and in
case of absence, they are evaluated as negative. Otherwise,
tests would be failed because of the existence of the band in
negative controls.

Sequencing and genetic analysis

PCR products were purified by using quick-spin PCR puri-
fication kit (Intron) and directly underwent sequencing by
specific primers. For phylogenetic analysis, a 536 bp fragment of
the S-segment was used. The sequences of CCHFVs were ana-
lyzed by a neighbor-joining method with Kimura two param-
eter distances by using Mega 4 software. Bootstrap confidence
limits were based on 500 replicates. Evolutionary divergence,
distance matrix, and subsequently sets of phylogenetic trees
were calculated by the software (Tamura et al. 2007).

Results

On the basis of the epidemiological data obtained from the
questionnaire, 100 individuals with high-risk professions who
had been already exposed to the blood and the tissues of
livestock and also had a history of knife-cut hand during their
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works were selected. Among them, 12 individuals tested IgG
positive but none of them with fever history or the other
clinical symptoms characteristic of CCHF disease. All sero-
positive cases originated from regions in the vicinity of the
Isfahan province (Table 1). In addition to human samples,
livestock sera were collected from different parts of high-risk
regions in Isfahan including Fereydonshahr, Zarrinshahr,
Semirom, and Varzaneh. In this seroepidemiological survey
on livestock, 41 out of 322 livestock sera tested IgG positive,
which comprised 36 sheep, 2 goats, and 3 cows.

Soft and hard ticks were also collected in the survey and
analyzed for the presence of the viral genome. Single PCR
bands corresponding to the expected 536 bp product of the S-
segment were detected in 4 of 44 analyzed hard ticks, but all
the 15 soft ticks were found negative. The entire hard ticks
positive for CCHFV genome were Rhipicephalus bursa, and
they were collected only in the Fereydonshahr region (Table
2). The PCR products, CT1, CT2, CT3, and CT4, were se-
quenced and analyzed. Comparative analysis of the se-
quences from the collected hard ticks showed a close
relationship among them except for one. Nucleotide sequence
diversities ranged from 0.2 to 5.3%. Moreover, pairwise
comparisons of S-segment nucleotide sequences detected in
the hard ticks and representative sequences from different
parts of the world demonstrated that CT1, CT2, and CT4
isolates were very closely related to S-segment sequences of
Iran and Pakistan in GenBank. As illustrated in Figure 1,
phylogenetic analysis using S-segment sequences of CCHFV
implied that CT1, CT2, and CT4 isolates formed a distinct
lineage together with Iran and Pakistan sequences, whereas
CT3 isolate was clustered with Iraq strain (AJ538196).

Discussion

Serological and molecular epidemiology survey will cer-
tainly help in determining CCHFV in the Isfahan country. For

instance, in endemic areas, assessment of livestock antibodies
against CCHFV appears to be one of the best indicators of
CCHF risk to humans. During the last decade, an increasing
number of human CCHFV infections have been reported from
various regions of Iran (Chinikar et al. 2005). Most of the cases
have been reported to occur in the south-Eastern province of
Sistan-va-Baluchistan, in areas close to the border of Afgha-
nistan and Pakistan. Second most cases were reported from
the province of Isfahan, located in the central part of Iran
(Chinikar et al. 2004). The reason for the increasing number of
human CCHFV infections in Isfahan during the last decade
remains obscure, especially as infections were rarely reported
in Iran before 1999. The occurrence of human CCHFV infec-
tions in Isfahan is newly recognized, whereas virus circulation
in ticks and in livestock may have been present and unrec-
ognized for many years. An early seroepidemiological survey
in northern/central parts of the country was carried out in
1974, thus showing the presence of virus in local livestock
(Saidi et al. 1975). With regard to a study conducted in 2003–
2004 in the Sistan-va-Baluchistan province, among 285 human
volunteers, 6.3% appeared seropositive for CCHF infection. A
serosurvey among livestock in the Isfahan province between
2004 and 2005 showed seropositivity in almost 56% (unpub-
lished data). During the years 2003 to 2005, of the 448 livestock
sera collected from the Khorasan province, northeast part of
Iran, 77.5% of 298 sheep samples and 46% of 150 goat samples
were positive, thus implying that this region is hyper enzootic
for CCHF.

As represented in Table 3, 12% of collected human sera and
12.7% of livestock sera from different parts of the Isfahan
province were tested seropositive, and the CCHFV genome
was detected in 9.1% of collected ticks. The percentage of the
seropositive vertebrate hosts, human and livestock, and
CCHF infectivity of the ticks indicated that CCHFV is effec-
tively established in this region. As summarized in the Table
3, by comparing the sampled sera from slaughtering houses in
Fasaran, Zarrinshar and Khomeinishahr, the percentage of
IgG-positive human cases was higher than that of IgG-positive
livestock cases. It is still unclear in evidence as to when and
how seropositive humans have been infected without any
course of disease and clinical symptoms; so, further study
needs to be done to show protection in the high-risk profes-
sionals in the country. Of note, most slaughtered livestock had
been brought from the Sistan-va-Baluchistan province, the
most infected province of CCHF in Iran.

The hard ticks collected In the study were Rhipicephalus
bursa and Hyalomma detritum, whereas the soft ticks were
Ornithodoros lahorensis and Ornithodoros canistrini. Although
Hyalomma ticks are considered the most important vector and
reservoir in the epidemiology of CCHFV, the virus has also
been reported from other genera of ticks. In 1979, CCHF was
first isolated in Iran from Ornithodoros lahorensis (Sureau et al.
1980). The year 2004 showed CCHFV infection in 22.8% of soft

Table 1. IgG-Positive Human Serum Samples

Location Profession Age
Human

serum code No.

Varzaneh Farmer 78 1VH1 1
Fasaran Slaughterer 40 HA7 2
Fasaran Slaughterer 24 HA26 3
Fasaran Slaughterer 53 HA29 4
Fasaran Slaughterer 22 HA40 5
Fasaran Technician 28 HA42 6
Zarrinshahr Slaughterer 39 HA65 7
Zarrinshahr Slaughterer 34 HA69 8
Zarrinshahr Farmer 26 HA76 9
Zarrinshahr Butcher 40 HA86 10
Zarrinshahr Butcher 38 HA92 11
Semirom Farmer 60 SH9 12

Table 2. Crimean-Congo Hemorrhagic Fever Virus Genome-Positive Ticks

Location Host Sex Tick Species Sequence code

Fereydonshahr Sheep Female Rhipicephalus bursa CT1
Fereydonshahr Sheep Male R. bursa CT2
Fereydonshahr Goat Female R. bursa CT3
Fereydonshahr Goat Female R. bursa CT4
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ticks in the Chaharmahal Bakhtiaryi province, south east of
the Hamadan province (Shirani et al. 2004). In another study
in the Ardabil province, North West of Hamadan, 33.3% of the
ticks including Hyalomma sp., Rhipicephalus sp., and Ornitho-
doros sp. were infected by CCHFV (Telmadarraiy et al. 2010).
A survey showed CCHFV infection in 25.5% of ticks including
Hyalomma, Dmarginatus, and Ornithodoros species (Tahmasebi
et al. 2010). In another study in Bahar (Central part of Ha-
madan Province), 11.3% of ticks including Hyalomma mar-
ginatum, Hyalomma dromedarii, Hyalomma anatolicum, R. bursa,
Rhipicephalus sanguineus, and Hyalomma pucntata were
CCHFV positive (Moradi et al. 2008).

In this molecular survey, all CCHFV-positive ticks were
collected from the Fereydonshahr region, whereas those col-
lected from the other regions tested negative. Moreover, a
high percentage of seropositive livestock from this region

indicated CCHFV circulation in livestock populations. Also, it
is essential to note that there is a report of a death case of
CCHF from Fereydonshahr in 2007, verifying already estab-
lished circulation of the CCHFV in the region (unpublished
data from National Reference Laboratory of Arboviruses in
Pasteur Institute of Iran).

Pairwise S-segment sequence comparisons with a repre-
sentative set of CCHFV sequences from Iran and Asia1
countries clade demonstrated that the isolates CT1, CT2, and
CT4 had been closely related to Pakistani and some South
African strains, whereas the isolate CT3 clustered with Iraqi
strain (accession number AJ538196) (Tahmasebi et al. 2010).
Phylogenetic analysis could further strengthen this close re-
lationship, thus placing the isolates CT1, CT2, and CT4 and
previously characterized Iranian sequences and Pakistani se-
quences within the same phylogenetic clade (Fig. 1). The data

FIG. 1. Phylogenetic tree (neighbor-joining) calculated for Crimean-Congo hemorrhagic fever virus S-segment sequences.
New sequences in this paper (CT1, CT2, CT3, and CT4) and previously described sequences from Iran (AY 366373-8,
DQ446212-14), Oman (DQ211645), Pakistan (AJ538198, U88414, and AF527810), South Africa (AY905660), and Iraq
(AJ538196) are shown.

Table 3. Comparison Results of Molecular and Serological Survey on the Collected Samples

Location Human IgG + (%) Livestock IgG + (%) Tick RT-PCR + (n) High-risk profession

Varzaneh 8.3 29.3 — Husbandries
Fasaran 41.7 — — Slaughter house
Zarrinshahr 41.7 7.3 — Slaughter house
Semirom 8.3 19.5 — Husbandries
Fereydonshahr — 36.6 4 Husbandries
Khomeinishahr — 7.3 — Slaughter house
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currently available on the geographical distribution, ge-
netic diversity, and prevalence of CCHFV in the Isfahan
province are, however, very limited. Before our study,
CCHFV genome S-segment sequences obtained from Ira-
nian patients has been genetically characterized and very
close to Matin strain (Pakistan strain), whereas only one
Iranian strain (ArTeh 193-3) obtained from ticks in 1978 by
Sureau et al. was very similar to the senegal strain (Chi-
nikar et al. 2004). Further, the available serum and the
extracted genome of ticks will be addressed for analysis of
whole CCHFV genome sequencings and probably virus
isolation in biosafety level 4 containments. The results in-
dicated that at least three genetic lineages of CCHFV are
circulating in Iran. Also, the increase in human infections
during the last decade, especially in Sistan-va-Baluchistan
and Isfahan as well as the other provinces of Iran, might
be due to the new introduction of CCHFV into Iran
through its eastern and western borders, possibly through
infected ticks and/or livestock from Afghanistan, Pakistan,
and Iraq.
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