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Abstract

Background: The Crimean-Congo Hemorrhagic Fever (CCHF) is one of the most important arthropod-borne viral dis-
eases with a mortality rate of about 30% among humans. The disease, caused by a Nairovirus, is transmitted to humans
and animals by hard and soft ticks. This study aimed to determine the distribution of soft and hard ticks in the past three
decades in Iran with an emphasis on the vectors of the CCHF virus.

Methods: In this study, all studies that were carried out in different regions of Iran from 1979 to 2018 and their results
were published in prestigious journals were used to create a database. The distribution of ticks was mapped using
ArcMap10.3.

Results: Based on the results, nine genera and 37 species of soft and hard ticks were recorded in Iran. So far, six genera
and 16 species of hard and soft ticks were reported to be infected with the CCHF virus. The infection to this virus was
reported from 18 out of 31 provinces, with a high rate in Sistan and Baluchistan as well as Khuzestan provinces. The
highest levels of CCHF infection belonged to Hyalomma marginatum and H. anatolicum.

Conclusion: The main vectors of CCHF, H. marginatum and H. anatolicum, were reported in more than 38.7% of Iran's
provinces, and these two species were identified as invasive species in Iran. Thus, control activities should be strength-
ened to avoid the outbreaks of CCHF.
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Introduction

Ticks, the arthropods belong to the Arach- disease, Q fever, babesiosis, rocky mountain
nida class, are characterized by several attrib- spotted fever, encephalitis and an-aplasmosis
utes that are easily distinguishable from insects, (4). Ticks may also cause paralysis, poisoning,
including four pairs of legs, no antenna and irritation, and sensitivity in humans and ani-
wings and the absence of specific clauses in the mals. In addition, they can result in economic
body. They are obligatory ectoparasites of ver- losses and significantly reduce milk and ani-
tebrate, especially wild animals (1, 2). A total mal weight and increase the rate of infection
of 899 species of ticks (185 species of Argasi- of animals to various types of infections (5).
dae and 714 species of Ixodidae family) have Studies on the fauna of ticks in Iran began in
been reported in the world (3). Ticks can trans- 1810 by Dupre (6) and continued by Delpy in
mit various pathogens such as bacteria, virus- 1936 and 1938 (7, 8). Then, Abbasian (9) and
es, spirochaete, rickettsia, blood protozoa and Mazlomi (10) produced a list of ticks in animals
can cause important diseases such as relapsing from different regions in Iran. One of the most
fever, crimean-congo hemorrhagic fever, lyme important tick-borne diseases is Crimean-Congo
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hemorrhagic fever (CCHF), with a mortality rate
of about 30% in humans (11). This disease is
distributed in the Eastern Mediterranean, Cen-
tral Asia, Eastern Europe and Africa (12, 13).
It is a viral disease caused by a Nairovirus from
the Bunyaviridae family (14). The virus has been
reported repeatedly from animals, humans and
ticks from different regions in Iran (15-18). The
CCHEF can be transmitted by ticks among do-
mestic animals as the most important reservoirs.
Although humans usually become infected via
contact with the meat and blood of infected an-
imals, this fever can be transmitted by the bites
of infected ticks, especially in people who have
close contact with animal reservoirs (19). To
date, the disease has been reported from 23 prov-
inces of Iran; however, most cases have been
reported in provinces bordering with Afghani-
stan and Pakistan (20, 21). Ticks are the most
important vectors and reservoirs of the CCHF
virus and play an important role in the mainte-
nance of the virus in nature (22). The most
important vectors are Hyalomma, Boophilus,
Rhipicephalus, Amblyomma, Dermacentor and
Haemaphysalis. Of these, the Hyalomma genus
contains the highest number of vectors. Hy-
alomma marginatum and H. analoticum are
among the most important invasive species in
Iran (23). By 2007, 26 species of soft and hard
ticks had been reported (10, 24-25). So far, in
several studies, the CCHF virus has been iso-
lated from different species of ticks in Iran (26,
27). The use of geographic information system
(GIS) is a new technology in the study of ar-
thropod-borne diseases such as CCHF and has
led to significant changes in data interpretation
and decision making. Using geographic tech-
nology, researchers are now able to quickly
discover the global distribution of the disease,
identify and monitor the high-risk areas of the
disease and take the necessary environmental
interventions (28). Considering the importance
of tick vectors in transmitting CCHF and the
frequency of species reported across Iran, this
study aimed to determine the distribution of soft
and hard ticks in Iran as the most important
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ectoparasites of animals and humans. Emphasis
was placed on the vector species and their in-
fection to the CCHF virus in Iran.

Materials and Methods

Study area

Iran is located in the southwest of Asia,
with a geographical range of 25.3 to 39.47 °N
latitude and 44.5 to 63.18 °E longitudes and
1,648,195 square kilometers. Based on the cen-
sus conducted in 2016, the population was 79,
926,270 people. Iran is one of the most unique
countries in terms of weather. The difference
in temperature in winter between the hottest
and coldest points can sometimes reach more
than 50 °C. Iran is semiarid and dry in terms
of precipitation (29).

Study design

The present study is conducted on the spatial
distribution of ticks (Families Argasidae and
Ixodidae) and the infection rate in vectors of
CCHEF in Iran. MSc and PhD theses and arti-
cles related to ticks were collected from Pub-
Med, Google Scholar, Elsevier, Science Direct,
Scopus, Web of Science, Magiran, Iran doc, Sci-
entific Information Database (SID) and Iran
medex databases from 1987 to 2018. The fol-
lowing terms were searched in line with the
purpose of the study: ticks, hard ticks, soft ticks,
the fauna of ticks, tick-borne diseases, veteri-
nary ticks, medical ticks, Argasidae, Ixodidae,
the epidemiology of ticks, the ecology of ticks,
CCHF, the CCHF virus, the CCHF reservoirs
and Crimean-Congo hemorrhagic. In this study,
all articles on soft ticks and hard ticks were
collected and the data were categorized accord-
ing to the genus and species in the three levels
of the province, county and village. The data
were then entered into the Excel software, and
the geographic coordinates of all regions were
extracted from Excel and entered into the
ArcMap in ArcGIS 10.3 software (30). Next,
the distribution maps of ticks and CCHF vec-
tors were provided. The inclusion criteria were
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all studies conducted in universities and re-
search centers in Iran, and their results were
published in prestigious domestic and foreign
publications in the 37-year period of the study.

Results

During the 39 years study period, 1979—
2018, a total of 115 articles and 43 MSc/PhD
theses were published on the study of hard
and soft ticks on animals and the infestation rate
of the CCHF virus in different regions of Iran.
The study areas included 31 provinces, 321 cit-
ies and 379 villages. Most studies were done
(31.65%) in the north and northwest of Iran.
The results of the ticks’ infestation to patho-
gens showed that 6-11% of ticks were infect-
ed to the CCHF virus on average, 17% for Bor-
relia, 16.6% for Theileria, 10.5% for Babesia
and 5% for Ehrlichia. Ticks’ infection with the
CCHF virus was reported in 18 provinces. The
highest CCHF infection rate was reported from
Sistan and Baluchistan (18.85%) and Khuzestan
provinces (16.1%), while the lowest infection
rate was observed in Razavi Khorasan Prov-
ince (0/8%) (Table 1, Fig. 1). From 1979 to
2018, a CCHF infection rate of 0.5-33.30% was
reported in both Argasidae and Ixodidae fami-
lies, so that the two species of soft ticks and
14 species of hard ticks were reported to be
infected. The highest number of infected ticks
was reported from Hamadan Province, western
Iran (Table 1). The results of the earlier studies
showed that 37 species of soft and hard ticks
were distributed in Iran. Of the two families
of soft and hard ticks in Iran, three genera (Or-
nithodoros, Argas and Otobius) belonged to the
soft ticks, and six genera (Boophilus, Derma-
centor, Hyalomma, Haemaphysalis, Ixodes, and
Rhipicephalus) belonged to hard ticks. The most
frequent species was Hyalomma genus with
11 different species reported from all over the
country, and the least frequent species belonged
to Ixodes, Boophilus and Otobius genera of
which only one species was reported in the
country.
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Distribution of Argasidae and Ixodidae ticks
and infection rate of CCHFV in Iran

Argas: This genus includs two species of
Argas persicus and A. reflexus, reported from
15 provinces of Iran: Ardabil, West Azerbai-
jan, Chaharmahal and Bakhtiari, Fars, Isfahan,
Golestan, Hamedan, Kurdistan, Lorestan, Marka-
zi, Mazandaran, Qazvin, Qom, Semnan, Sis-
tan and Baluchistan (Fig. 2). The in-fection to
the CCHF virus was reported only from A.
reflexus (Tablel).

Ornithodoros: This genus consists of 4 spe-
cies of Ornithodoros canestrinii, O. lahoren-
sis, O. tartakovskyi and O. tholozani. They were
found in 14 provinces: Ardabil, West Azerbai-
jan, Chaharmahal and Bakhtiari, Isfahan, Fars,
Hamedan, South Khorassan, Kurdistan, Lorestan,
Zanjan, Markazi, Mazandaran, Qazvin and Sem-
nan. Among species of this genus, the infection
of CCHF virus was detected only in O. la-
horensis from three provinces of Ardabil, East
Azarbaijan and Mazandaran, which are locat-
ed in northern and northwest of Iran (Fig. 3).

Otobius: This genus included one species of
Otobius megnini, reported from three provinces
of Isfahan, Lorestan and Tehran (Fig. 4). There
was no report of infection to CCHF virus in
this genus.

Boophilus: This genus has one species of
Boophilus annulatus, which was reported from
8 provinces: West Azarbaijan, Isfahan, Fars,
Golestan, Gilan, Mazandaran, Tehran and
Qazvin (Fig. 5). No infection of this genus was
reported.

Dermacentor: This genus included 5 spe-
cies of Dermacentor marginatus, D. niveus, D.
raskemensis, D. daghestanicus, and D. silvarum
reported from 15 provinces: Ardabil, West
Azarbaijan, East Azarbaijan, Fars, Isfahan, Ker-
man, South Khorassan, Razavi Khorassan, Kur-
distan, Lorestan, Mazandaran, Qazvin, Sem-
nan, Yazd and Zanjan (Fig. 6). Among the
above mentioned species, the infection with
the CCHF virus was detected only in D. mar-
ginatus from East Azerbaijan Province.
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Hyalomma: This genus comprised 11 spe-
cies of Hyalomma schulzei, H. marginatum,
H. impeltatum, H. dromedarii, H. detritum, H.
excavatum H. asiaticum, H. anatolicum, H. ea-
gyptium, H. rufipes and H. turanicum reported
from 28 provinces: Alborz, Ardabil, East Azer-
baijan, West Azerbaijan, Chaharmahal and
Bakhtiari, Isfahan, Fars, Golestan, Gilan, Ha-
medan, Hormozgan, llam, Kerman, Kerman-
shah, South Khorassan, North Khorassan, Ra-
zavi Khorassan, Khuzestan, Kohkiluyeh and
Boyerahmad, Kurdistan, Lorestan, Mazanda-
ran, Qazvin, Qom, Semnan, Sistan and Balu-
chistan, Yazd and Bushehr (Fig. 7).

Haemaphysalis: This genus consisted of 8
species of Haemaphysalis sulcate, H. punctat,
H. parva, H. inermis, H. erinacei H. numidiana,
H. choldokovskyi and H. concinna reported from
21 provinces: Ardabil, East Azerbaijan, West
Azerbaijan, Isfahan, Fars, Golestan, Gilan, Ha-
medan, llam, Kermanshah, South Khorassan,
Razavi Khorassan, Khuzestan, Kohkiluyeh and
Boyerahmad, Kurdistan, Lorestan, Mazandaran,
Qazvin, Qom, Sistan and Baluchistan and Zan-
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jan (Fig. 8). The virus infection of three spe-
cies, H. inermis, H. punctat, and H. sulcate was
reported from four provinces: Isfahan, Sistan
and Baluchistan, Hamedan and Mazandaran.

Ixodes: This genus included Ixodes ricinus
species and was reported from the north of
Iran in Golestan, Gilan and Mazandaran prov-
inces (Fig. 9). The CCHF virus infection in in
this genus has not been reported so far.

Rhipicephalus: This genus included 4 spe-
cies of Rhipicephalus bursa, R. sanguineus, R.
annulatus and R. turanicus reported from 27
provinces: Alborz, Ardabil, East Azerbaijan,
West Azerbaijan, Isfahan, Fars, Golestan, Ha-
medan, Hormozgan, llam, Kerman, Kerman-
shah, South Khorassan, North Khorassan, Ra-
zavi Khorassan, Khuzestan, Kohkiluyeh and
Boyerahmad, Kurdistan, Lorestan, Mazanda-
ran, Qazvin, Qom, Semnan, Sistan and Balu-
chistan, Tehran, Yazd and Zanjan (Fig. 10). The
contamination of R. sanguineus and R. bursa
with the CCHF virus was reported from nine
and four provinces, respectively.

Table 1. The average infection rate of ticks to CCHF virus in Iran, 1979—2018

Family Ixodidae Argasidae
Genus Hyalomma Dermacentor Haemaphysalis Rhipicephalus Argas Ornithodoros
IS I = ] < %] )
£ 2 5§ 5§ ® &§ 8¢ § § ¢ T 35 @
, £ s = E o s £ 5 2 L £ E ) o
Species = = R Z g 5 2 c = 2 2 > = S
[ c % k=] s n © . Q— . % o <
E s L £ = £ E £ 9 g = @ < =
T T I T a T o o
Fars 1 1.5 - - - - - - - - - 2 - -
Isfahan - 142 0.95 - - - - - - 0.5 - 142 -
Razavi Khorassan 0.6 - - - - - - - - - - - - -
Qom 7.1 - - - - - - - - - - - - -
Sistan and Baluchistan - - - - - - - 8.3 - - - - - -
Yazd 071 071 071 142 214 - - - - - - - - -
Lorestan 167 132 74 - - - - - - - - 4.3 - -
Kermanshah - 41 454 - - - - - - - - 11.11 - -
Ardabil 0.8 - - - 0.8 0.8 - - - - 13.84 - - 6.92
Khuzestan 12 294 - - 33.3 - - - - - - - - -
Hamadan 34 6 1 1463 2.2 - - - 1.1 - 2 4 6 -
East Azerbaijan 22 - 8.4 - 13 - 7 - - - - - 25
Golestan 7 2.3 - - 16 - - - - - - 7 - -
South Khorasan 3 4 7.5 - - - - - - - 17 11 - -
llam 135 135 1.35 - - - - - - - - - - -
North Khorassan - 45 - - - - - - - - - 3 - -
Mazandaran - - - - - - - 24 24 - 24 1.7 - 2.4
Tehran - - 2 - - - - - - - - - - -
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Argas reflexus

[ No reported
I Reported

Argas persicus

- No reported
I Reported

Boophilus annulatus * Dermacentor daghestanicus
[ No reported [ No reported
- I T T T T T T T 1
I Repored 0 305 610 1,220 Kilometers

Fig. 1. Presence of Argas reflexus, Argas persicus, Dermacentor daghestanicus and Dermacentor annulatus (down)
report in Iran at the county
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Caspian Sea

Dermacentor raskemensis ! Persian Gulf

[ o reported
- Reported

\ Persian Gulf
Dermacentor silvarum

[ No reported
- Reported

Caspian Sea

Dermacentor marginatus

Dermacentor niveus ' 2
Persian Gulf - No reported
[ No reported B Rovored —r—— ————1—]
I Reported 0 275 550 1,100 Kilometers

Fig. 2. Presence of Dermacentor silvarum, Dermacentor marginatus (up) and Dermacentor raskemensis and Derma-
centor niveus (down) report in Iran at the county
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Haemaphysalis inermis

[ No reported
I Reported

Haemaphysalis erinacei .
[ Noreportea
I Reported

1
1,220 Kilometers

Fig. 3. Presence of Haemaphysalis choldokovskyi, Haemaphysalis inermis (up) and Haemaphysalis concinna and
Haemaphysalis erinacei (down) report in Iran at the county
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Haemaphysalis numidiana

Persian Gulf

Haemaphysalis [ Noreported
- No reported - Reported
I Reported

y Persian.Gilf Haemaphysalis parva
Haemaphysalis numidiana - No reported
[ o reported r T T T T T T T 1
I epores 0 2625 525 1,050 Kilometers

- Reported

Fig. 4. Presence of Haemaphysalis numidiana, Haemaphysalis punctata (up) and Haemaphysalis sulcata and Haema-
physalis parva (down) report in Iran at the county
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Hyalomma anatolicum

Hyalomma eagyptium [ No reported
l:] No reported

- Reported
- Reported

Hyalomma eagyptium

Hyalomma detritum « g Persian Guif I o repored
N rted
- RO re':o d I Reported T T T 717 1T 1T 1
Race 0 250 500 1,000 Kilometers

Fig. 5. Presence of Hyalomma eagyptum, Hyalomma anatolicum, (up) and Hyalomma detritum and Hyalomma asiati-
cum (down) report in Iran at the county
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Hyalomma marginatum

I:] No reported
- Reported

Hyalomma dromedarii

:] No reported
- Reported

-

Persian Gu%

Hyalomma impeltatum

Hyalomma exacavatum T [ No reported
:’ No reported keisan GCM/{ - Reported [ T T T | T T T 1
B Reported 0 250 500 1,000 Kilometers

Fig. 6. Presence of Hyalomma dromedarii, Hyalomma exacavatum, (up) and Hyalomma marginatum and Hyalomma
impeltatum (down) report in Iran at the county
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Hyalomma schulzei

[T No reported
- Reported

Hyalomma rufipes

- No reported
I Reported

Persian G;J

7

S 55 Ixodes ricinus erier Gu%
Hyalomma turanicum s [ No reported
- No reported Rergian Gﬂn/{ - Reported [ T T T I T T T ]
0 250 500 1,000 Kilometers
- Reported

Fig. 7. Presence of Hyalomma rufipes, Hyalomma schulzei, (up) and Ixodex ricinus and Hyalomma turanicum (down)
report in Iran at the county
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Orinthodoros lahorensis
- No reported
- Reported

Ornithodoros canestrini
- No reported
I Reported

Ornithodoros tartakovskii ¢ ‘enn /{ ﬁt:odoro:d tholozani /{
Persian 0 reports
[ No reported Repoted | T 1 T T T T T 1
[ Reported I Repo 0 250 500 1,000 Kilometers

Fig. 8. Presence of Ornithodoros canestrinii, Ornithodoros lahorensis, (up) and Ornithodoros tartakovskii and Orni-
thodoros tholozani (down) report in Iran at the county
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Caspian Sea

Rhipicephalus bursai

-I No reported
- Reported

Rhipicephalus annulatus h

- No reported
- Reported

Rhipicephalus sanguineus Parain Gi':l i /{

Rhipicephalus turanicus D
B o roporiod Persian GuIf (] Noreported
POl - Rep I T T T T T T T 1
B Revorted 0 250 500 1,000 Kilometers

Fig. 9. Presence of Rhipicephalus annulatus, Rhipicephalus bursai, (up) and Rhipicephalus sanguineus and Rhipiceph-
alus turanicus (down) report in Iran at the county
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Otobius megnini

- No reported
- Reported
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T
0 250

T

| |
500 1,000 Kilometers

Fig. 10. Presence of Otobius megninireport in Iran at the county

Discussion

Based on the results of this study, 11 gen-
era and 37 species of hard and soft ticks were
reported from Iran, and the infection rate of
ticks to the CCHF virus during 19792018 was
reported in more than 58% of provinces. This
indicates that the distribution of the vectors of
the CCHF virus in Iran is very wide. Moreo-
ver, it was observed that nine species of hard
and soft ticks were collected and identified from
animals; of these species, the infection with the
CCHEF virus was detected from four genera of
hard ticks (Hyalomma, Haemaphysalis, Rhip-

54

icephalus and Dermacentor) and two genera of
soft ticks (Argas and Ornithodoros) by various
methods. Also, the infection with the CCHF vi-
rus was reported in more than 66% of the iden-
tified ticks in Iran. In India, the infection has
been reported from seven genera of hard ticks
and three genera of soft ticks, which is more
than Iran (31). In a study in Turkey, the total
number of soft and hard ticks, distributed in this
country, were reported to be 32 species (32),
and in Uzbekistan, 11 species have been iden-
tified and introduced (33). In China, three gen-
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era and seven species of soft ticks and seven
genera and 104 species of hard ticks have been
identified (about 15% of the world's detected
ticks), while the distribution of hard ticks is
found to be more than other countries (34). The
findings of our study also revealed that the dis-
tribution of the Hyalomma genus in Iran was
more than the rest of the genera, and the most
frequent species belonged to this genus. The H.
anatolicum and H. marginatum (the main vec-
tors of CCHF virus) species were reported from
25 and 21 provinces, respectively. They were
widely distributed in Iran and reported with
great frequency, especially in the eastern and
northeast regions of the country. In the case of
CCHF transmission, the most important genus
was Hyalomma, whereas H. anatolicum and H.
marginatum were the most important species
(23). Results also demonstrated that the most
infection rate in H. anatolicum species was
18.18% from Hamedan Province (35), followed
by 9.21% in Kermanshah Province (36). As for
the CCHF vectors in Iran, the infection rates of
H. anatolicum and H. marginatum in 11 prov-
inces were 11.85% and 14.95%, respectively
(37). The infection rate of CCHF in Oman has
been reported to be 2.30% on average, and the
highest infection rate was reported in the H.
anatolicum (38). In Kosovo, the infection rate
has been estimated to be 11.13%, and the high-
est contamination has been reported in Ixodes
ricinus (39). The results of this study showed
that although A. persicus was the most preva-
lent species of Argas genus, the CCHF virus
was detected from A. reflexus from Hamadan
Province (35). The four species of Ornithodoros
genus were reported, and O. lahorensis was the
most frequent one, especially in the northwest,
west and center of Iran. Nevertheless, this spe-
cies was not reported in the northeast and east
areas. The O. tartakovskyi species of this genus
was reported only from South Khorasan Prov-
ince, and it was infected with the virus in the
north and northwest of Iran reported from Ar-
dabil, East Azerbaijan and Mazandaran prov-
inces with an average of 92.6%, 25% and 2.4
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%, respectively (37, 40, 41). Otobius megnini
was reported in three provinces and more fre-
quently observed in central regions with no
CCHF infection. A species of the Boophilus
genus, B. annulatus, was mostly reported in the
northern and southwestern provinces and was
not reported in northeastern regions with no
CCHEF infection either. The Dermacentor ge-
nus comprised four species in Iran. The high-
est number of D. marginatus species and the
lowest number of D. silvarum species were re-
ported from West Azerbaijan, and the highest
number of D. raskemensis was reported from
Razavi Khorasan. In the northwest of Iran, only
in East Azerbaijan Province, the infection of
D. marginatus with the CCHF virus was re-
ported to be 7% from 2008 to 2015 (37, 42).
In Turkey, the infestation of D. marginatus with
the CCHF virus was estimated at 2.74% in 2013
(43). Hence, in comparison, the results show
that the infection rate in Iran has been two times
more than the rate in Turkey. Six species of
Haemaphysalis genus were distributed in Iran.
Ha. sulcata had the highest prevalence and Ha.
erinacei and Ha. Parva had the lowest. Infec-
tion with CCHF virus in Ha. sulcata, Ha. punc-
tata and Ha. inermis were % 0/5, %3.5 and %5,
respectively from Isfahan, Sistan and Baluchi-
stan, Hamedan and Mazandaran provinces (17,
37, 44, 45). One species of Ixodes genus, name-
ly 1. ricinus, was distributed in the north of Iran
and was not reported in other regions. The in-
fection of this genus to the CCHF virus was not
reported. Results revealed that there were two
species of Rhipicephalus genus in Iran. Rhip-
icephalus bursa was the most frequent one in
the northwestern, northeastern and central parts
of Iran. the infection of R. bursa with CCHF
virus was reported in four provinces, including
Ardabil (13.84%), Hamedan (2%), Southern
Khorasan (17%) and Mazandaran (2.4%); yet,
the infection of R. sanguineus species by
CCHFV was reported in nine provinces, in-
cluding Fars (2%), Isfahan (1.42%), Lorestan
(4.3%), Kermanshah (11.11%), Hamedan (4%),
Golestan (7%), South Khorasan (11%), North
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Khorasan (3%) and Mazandaran (1.7%). In to-
tal, the results of this study showed that the dis-
tribution of R. bursa species in Iran was more
than other species, but the infection of R. san-
guineus with the CCHF virus was more prev-
alent. Moreover, the severity of R. sanguineus
infection rate was higher than the rate in other
species (35, 46-50). In Turkey, the infection
rate was reported to be 1.37% for the R. bursa
species and 2.74% for the R. turanicus species
in 2013 (43).

Conclusion

The findings of this study demonstrate that
soft and hard ticks were distributed through-
out the country, and several identified species
belonged to the Hyalomma genus. The CCHF
virus in Iran infected 16 hard and soft ticks.
Yet, the Hyalomma genus was the most fre-
quent species in the whole country. The H. mar-
ignatum and H. anatolicum species were also
found to be infected in 12 provinces in Iran.
Therefore, it can be concluded that these two
species are the main vectors of the CCHF vi-
rus in Iran. Ethical issues (including plagiarism,
informed consent, misconduct, data fabrication
and/or falsification, double publication and/or
submission, redundancy, etc.) have been com-
pletely observed by the authors.
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