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that time, the number of cases of CCHF in Iran has markedly increased. Through January 2012, articles in
the published literature have reported a total of 870 confirmed cases, with 126 deaths, for a case fatality
rate (CFR) of 17.6%. The disease has been seen in 26 of the country’s 31 provinces, with the greatest num-
ber of cases in Sistan and Baluchestan, Isfahan, Fars, Tehran, Khorasan, and Khuzestan provinces. The

Ke?/ words: o X increase in CCHF in Iran has paralleled that in neighboring Turkey, though the number of cases in Turkey

Crimean Congo hemorrhagic fever . . . . .
Arbovirus has been much larger, with an overall CFR of around 5%. In this article, we review the features of CCHF in
Tick-borne disease Iran, including its history, epidemiology, animal and tick reservoirs, current surveillance and control pro-
Ribavirin grams, diagnostic methods, clinical features and experience with ribavirin therapy, and consider possible
Iran explanations for the difference in the CFR of CCHF between Iran and Turkey. The emergence of CCHF in
Iran calls for countermeasures at many levels to protect the population, but also provides opportunities

for studying the epidemiology, diagnosis and management of the disease.
© 2013 Elsevier B.V. All rights reserved.
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1. Introduction

Crimean-Congo hemorrhagic fever (CCHF) is a tick-borne dis-
ease caused by a virus in the genus Nairovirus, family Bunyaviridae,
which is endemic in many countries in Africa, southeastern Europe
and Asia. The disease was first described in the Crimea in 1944 and
given the name Crimean hemorrhagic fever. In 1969, it was recog-
nized that the same pathogen was responsible for an illness iden-
tified in 1956 in the Congo; linkage of the two place names
resulted in the current designation of Crimean-Congo hemorrhagic
fever virus (CCHFV). CCHF patients may develop either a mild, non-
specific febrile syndrome or a more severe illness with vascular
leak, hemorrhage and shock. Most cases occur sporadically, as a re-
sult of tick bite or direct contact with the blood or tissues of an in-
fected animal.

CCHFV circulation in Iran was first demonstrated in the early
1970s, through the detection of virus-specific antibodies in serum
samples from livestock and humans (Chumakov and Smirnova,
1972; Saidi, 1974), but the first case of CCHF in a patient was not
diagnosed until 1999 (Table 1). Since then, there has been a
marked increase in human infections, with 870 confirmed cases re-
ported by the end of 2011.

In this article, we review the features of CCHF in Iran. We first
examine the older literature for evidence that the disease had been
preset in the country long before the first case was diagnosed. We
then review the history of confirmed CCHF cases since 1999; the
clinical features, diagnosis and management of the disease, includ-
ing ribavirin; detection of virus in animal and tick reservoirs; and
current surveillance and control programs. We then consider pos-
sible explanations for the difference in the CFR of CCHF between
Iran and Turkey, and conclude by identifying important questions
for future research.

2. Early history of diseases consistent with CCHF

Although the first case was only diagnosed in 1999, it seems
likely that CCHF has occurred in Iran for hundreds, perhaps thou-
sands of years. The oldest known reference to a hemorrhagic feb-
rile illness in Persian medical textbooks dates to the Zakhira-yi

Kharazmshahi, written by Jurjani in the late 12th century (Table 2)
(Jurjani, 1976). Under the heading of different animal bites, he
states “The vulture louse. .. is a creature similar to a louse and to
a tick, and it is extremely small. Galen states that it is so small that
one cannot escape it, and it is difficult to see. However, the harm
caused by its bite is quite large. There is bleeding from the nose,
bladder, rectum, and teeth. There is hematemesis from the stom-
ach and hemoptysis from the lungs, and once it is out of control
no treatment will cure it.” Although it has been claimed that this
is the oldest description of CCHF (Arda and Aciduman, 2007; Hoo-
gstraal, 1979), Jurjant's description is actually identical to that gi-
ven earlier by Galen, as cited in (Magnus, 1260). The description
might also be consistent with other hemorrhagic fevers in the re-
gion. We were not able to find any other references to hemorrhagic
fevers in the available works of Tabari, Razi, Majusi, Ibn Sina or
other early Persian physicians (Ibn Sina, 1978; Jurjani, 1976; Razi,
2008; Tabari, 2008).

In the more recent literature, a disease consistent with CCHF
was described in Edward Brown’s account of his stay in Persia from
1887 to 1888, when he was present at a meeting describing an out-
break of fatal hemorrhagic disease among the Yomut Turkomen in
the north of the country (Brown, 1893). No further details are
available; given the limited clinical information, the differential
diagnosis might also include leptospirosis. In the 19th and 20th
centuries, there were also reports of an occasionally fatal disease
transmitted by Argas persicus ticks (Nuttall, 1908). Many different
syndromes were ascribed to the bite of this tick, from intense itch-
ing to a rickettsia-like eschar and fever, sometimes ending in
death, but we did not find any accounts of hemorrhagic disease.

In 1966, 9 cases of a febrile, hemorrhagic disease occurred in
villages near Sarab in East Azerbaijan, in the northwest of Iran
(Aminolashrafi and Nooranian, 1966). The physicians suspected a
viral hemorrhagic fever, and noted that they had seen similar cases
since 1963. The illness was characterized by 3-4 days of fever, fol-
lowed by petechial hemorrhages, purpura and bleeding from the
gums or nose that sometimes led to internal bleeding and death.
Laboratory studies revealed thrombocytopenia and leukocytosis.
An epidemiologic study revealed an additional 41 cases, with 2
deaths (Aminolashrafi, 1969). Local residents said the disease had

Table 1
Published studies reporting cases of CCHF in Iran since 1999.
Years Location Number of cases Summary Possible mode of transmission References
1999-2004  Sistan and Baluchestan 255 Patients Epidemiologic, laboratory and clinical Animal contact, nosocomial, tick Alavi-Naini et al.
description bite, slaughtering (2006)
2001-2004  Fars, southern Iran 16 Patients, 3 deaths  Epidemiologic, clinical and laboratory Slaughtering, animal contact, tick Fakoorziba et al.
data are described bite (2006)
1999-2007  Sistan and Baluchestan 123 Patients, 19 N/A Sharifi-Mood
fatalities et al. (2009)
1999-2001  Shahrekord (central 3 Healthcare workers, Nosocomial Mardani et al.
Iran) 1 death (2009)
2000-2009  All involved provinces 635 Patients, 89 Risk factors and geographic distribution  Slaughtering, animal contact, Chinikar et al.
fatalities nosocomial (2010)
2009 Mashhad (north- 6 Healthcare workers, Nosocomial Naderi et al.
eastern Iran) 2 deaths (2011)
- Khorasan (north- 1 Healthcare worker, A medical student who died within one  Nosocomial Naderi et al.
eastern) Province fatal week of exposure (2012)
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Table 2

History of Crimean-Congo hemorrhagic fever in Persia/Iran.
Date Description Comment References
1203 CE Detailed description of hemorrhagic fever and its putative causative agent  Description identical to Galen’s, thus may Jurjani, 1976

(vulture louse)
1887-1888
Turkomen in northern Iran
19th Century
in the Mianeh region in NW Iran
1940's-1960's
Mikh typhoid fever in East Azerbaijan, Iran

1966-1969 Report of 41 cases of hemorrhagic fever from East Azerbaijan, Iran
1970-1971 Sheep serum sent tested positive for CCHFV antibodies

1971-1973 Report of 60 cases of hemorrhagic fever from East Azerbaijan, Iran
1970-1971 Sera of humans in northern Iran tested positive for anti-CCHFV antibodies
1974-1975 Hemorrhagic fever epidemic in northern Iran

1999 Nosocomial transmission of CCHF

Description of a fatal hemorrhagic disease among the nomadic Yomut
Reports of a sometimes fatal disease though to be caused by Argas persicus

Seasonal and sometimes fatal hemorrhagic fever known locally as Gara

not be specific to CCHF

Likely CCHF, but key details, such as fever
and season, are missing

Unlikely to be CCHF, though some clinical
features suggestive

Clinical and epidemiologic features
consistent with CCHF

Possible CCHF outbreak

First documentation of CCHFV in livestock

Brown (1893)
Nuttall (1908)

Aminolashrafi and
Nooranian (1966)
Aminolashrafi (1970)
Chumakov and
Smirnova (1972)
Asefi (1973)

Saidi (1974)

Ardoin and Karimi
(1982)

Mardani (2001)

First suspected cases of CCHF in humans
First documentation of CCHFV infection
Suspected CCHF, but not proven

First confirmed cases of CCHF in Iran

occurred since the late 1940s, typically between April and Novem-
ber; it was known as Ghara Mikh typhoid fever, named after the
characteristic black petechiae. The authors suspected that the dis-
ease was transmitted from mice, rabbits or cattle by ticks (Orni-
thodoros laborensis or Ornithodoros tholozani). Another 60 cases of
a similar disease, suspected at the time to be CCHF, were described
in 1971-1973 in northwestern Iran (Asefi, 1973). The case fatality
rate (CFR) was 5%.

In 1974-1975, a hemorrhagic fever epidemic was again noted in
a rural province in northwest Iran, with a particularly high inci-
dence in July (Ardoin and Karimi, 1982). A tick-borne virus or a
toxic etiology was suspected, but neither was proved. Despite
awareness of tick reservoirs and serologic evidence of human
infection, there was little research and no reports of new cases dur-
ing the next several decades, possibly due to the turmoil of the
1979 Iranian Revolution and the 1981-1988 war with Iraq.
Although it is possible that new cases did not occur, it is more
likely that CCHF patients were misdiagnosed.

3. Cases of CCHF in Iran since 1999

The first confirmed case of CCHF in Iran was diagnosed in
August, 1999, when a patient died of severe gastrointestinal bleed-
ing at a hospital in the central part of the country. During the
course of his medical care, he coughed and splashed blood on the
face of a physician trying to insert a nasogastric tube. Two weeks
later, the doctor became mildly ill, and he subsequently tested
positive for CCHF by IgG. At the same time, his wife developed
intermittent fever, vomiting, diarrhea and vaginal bleeding. Her
physical examination and laboratory values on hospital admission
were strongly suggestive of a viral hemorrhagic fever. She died on
day 6 of her illness, and following her death a blood sample tested
positive for CCHFV by PCR. A subsequent investigation identified
more individuals who had been exposed to the patients, but did
not become ill (Mardani, 2001).

Since those first recognized cases, numerous papers have ap-
peared in the medical literature describing human infections with
CCHFV in Iran (Table 1). These studies describe different modes of
transmission including animal contact, tick bite, nosocomial and
occupational exposure among the general population and health-
care workers in different parts of Iran. Tick bites occurring during
animal contact are the most common mode of virus transmission.
Since 1999, CCHF has been reported in 26 of Iran’s 31 provinces,
with the most cases in Sistan and Baluchestan, Isfahan, Fars,
Tehran, Khorasan, and Khuzestan. Only 5 provinces (Mazandaran,
Ardabil, Ilam, Kohgiluyeh and Boyer-Ahmad, and Alborz) have

not reported human infections, but at least two of them are known
to harbor CCHFV in cattle and ticks (Fig. 1) (Chinikar et al., 2012).
As discussed below, Hyalomma ticks have been found in all habit-
able regions (Nabian et al., 2009); acquisition of CCHF is therefore
theoretically possible throughout the country.

The most recent cumulative data show a total of 870 confirmed
cases of CCHF in Iran, with 126 deaths from June, 2000 through
January, 2012 (Chinikar et al., 2012). Forty-eight cases and 3 deaths
have occurred in children (Chinikar et al., 2011). The graph of an-
nual reported cases shows an initial rise from 1999 to 2002, fol-
lowed by a drop from 2003 to 2005, then an increase and
possible plateau in the number of cases (Fig. 2). It was at one time
thought that the initial wave was caused by sudden awareness of
the problem of CCHF by the public health system, and that the sub-
sequent decline had been brought about through preventive and
control measures (Chinikar et al., 2008). However, the increase in
cases and fatalities since 2005 has challenged those conclusions.

4. Clinical features, diagnosis and management
4.1. Clinical syndrome

CCHF occurs in four phases: incubation, prehemorrhagic, hem-
orrhagic and convalescent (Hoogstraal, 1979). After an incubation
period of 1-9 days, the patient presents with a nonspecific febrile
syndrome that typically lasts less than one week. In some cases,
the hemorrhagic phase develops rapidly, beginning between days
3 and 5 of illness. Circulatory shock and disseminated intravascular
coagulation (DIC) occur in severe cases (Mardani et al., 2003).

4.2. Diagnosis

A diagnosis of CCHF is suspected on the basis of clinical, epide-
miologic and laboratory criteria, including: signs and symptoms
including fever, muscle pain and bleeding; history of tick bite, tra-
vel to or residence in provinces with the most CCHF cases, contact
with persons suspected to have the disease, or exposure to animals
known to harbor the virus; and suggestive laboratory data, includ-
ing a platelet count <150,000/mm? and a total white blood cell
count <3000 or >9000/mm? (Mardani et al., 2003).

Confirmed cases are those who are positive for CCHFV by RT-
PCR, or have anti-CCHFV IgM or a fourfold increase in specific
IgG (Chinikar et al., 2008; Keshtkar-Jahromi et al., 2011). However,
an antibody response may not be detected in severely ill patients.

Since 2000, the Pasteur Institute’s Laboratory of Arboviruses
and Viral Hemorrhagic Fevers has tested specimens from
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Fig. 1. Total number of cases of CCHF reported by each province in Iran, over the period 2000-2012. Data were obtained from the Pasteur Institute of Iran and from (Chinikar

et al, 2012).

suspected CCHF patients and from animals. Human samples are
submitted in three phases. When a patient is first identified as a
suspected case, serum is collected and tested for the S-segment
of the virus genome by RT-PCR and for anti-CCHFV IgM and IgG
by ELISA. If the first sample was negative and the patient is still
alive 5-10 days after disease onset, a second sample is tested by
ELISA for anti-CCHF IgM and IgG. If that sample is negative, a third
sample is collected on day 10-15 and tested again by ELISA for
anti-CCHF IgM and IgG (Chinikar et al., 2008). Acute infection is
diagnosed on the basis of either a positive RT-PCR, positive anti-
CCHFV IgM or 4-fold-increase in anti-CCHFV IgG. All samples are
processed free of charge, and the results are followed by the CDC
for the appropriate response and patient follow-up.

4.3. Treatment

Treatment of CCHF in Iran follows World Health Organization
(WHO) guidelines (Mardani, 2003). In suspected cases, the patient
is treated with an initial loading dose of 30 mg/kg of oral ribavirin,

followed by 15 mg/kg every 6 h for 4 days, then 7.5 mg/kg every
8 h for 6 days, for a total of 10 days. Patients with nausea and
vomiting are given ribavirin by nasogastric tube. Because the drug
was not available, the cases diagnosed in 1999 did not receive
ribavirin. Since 2000, Iran’s CDC has supervised the timely
diagnosis and treatment of suspected cases until they have the
final diagnosis.

4.4. Patient isolation

Patients with suspected CCHF are isolated in a private room
with negative-pressure respiratory isolation, if available, but be-
cause the disease most commonly occurs in rural areas with lim-
ited facilities, airborne isolation is not possible in the majority of
cases. Transfer of patients to other facilities is discouraged, because
of the risk of disease transmission, unless a higher level of patient
care is needed. Contact isolation with gloves and gown; droplet
protection by face shield; and respiratory isolation with an N95
mask are recommended for everyone entering the patient area.
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Fig. 2. Total number of confirmed CCHF cases in Iran and Turkey reported each year
for the period 2000-2012, with the total number of fatal cases in Iran. Data were
obtained from the Pasteur Institute of Iran and from (Chinikar et al., 2012; Yilmaz
et al.,, 2008; Ergonul, 2009; Maltezou et al., 2010; Burki, 2012).

4.5. Postexposure prophylaxis

Oral ribavirin, 200 mg twice daily for 5 days, is recommended
for those who have had mucous membrane exposure, including
kissing or sexual contact, with a CCHF patient or a percutaneous in-
jury involving body fluids. Prophylaxis is also recommended for
those involved in patient care before isolation measures are initi-
ated. Exposed health care providers are placed under medical sur-
veillance and instructed to record their temperature twice daily for
two weeks. Treatment with oral ribavirin is recommended if they
develop a fever of 38.3 °C or higher; however, no data have been
reported on its efficacy.

5. Experience in Iran in treating CCHF with oral ribavirin

When the first case of CCHF was identified in Iran in 1999, fear
of an expanding outbreak led to the use of potentially useful med-
ical treatments and supportive measures. At that time, the pub-
lished literature on ribavirin therapy of CCHF was limited to an
observational study in South Africa (van de Wal et al., 1985) and
another in Pakistan (Fisher-Hoch et al., 1995). Based on these re-
ports and WHO recommendations for the treatment of viral hem-
orrhagic fever, the NECVHF decided to include ribavirin as part of
treatment for patients suspected of having CCHF. Patients were gi-
ven a full 10-day course unless the diagnosis was ruled out.

The results of ribavirin treatment from 1999 to 2002 were pub-
lished in 2003 (Mardani et al., 2003). Fatality rates were compared
among 139 suspected and 69 confirmed CCHF patients, based on
oral ribavirin treatment. For those with confirmed infection, the

Table 3

survival rate was 69.8% for treated and 41.7% for untreated pa-
tients, while for those with suspected disease, the rates were
88.4% and 54.2%, respectively. The overall efficacy of ribavirin
treatment was 80% among confirmed and 34% among suspected
cases. The drug’s lower efficacy among suspected patients presum-
ably reflected the fact that many of them did not have CCHF.

Since that time, ribavirin has been a standard part of treatment
of CCHF in Iran, and multiple studies have been conducted to eval-
uate its efficacy (Table 3). At least 679 confirmed cases have been
described in reports published since 1999, with an overall mortal-
ity rate of 17.7%. Because the vast majority of these patients appear
to have received ribavirin, there are not enough untreated cases to
determine a baseline fatality rate.

The efficacy of ribavirin in the treatment of CCHF continues to
be a matter of debate (Keshtkar-Jahromi et al., 2011; Koksal
et al., 2010; Duygu, et al., 2012). We and others have observed that
the outcome is better in those who receive the drug earlier in the
disease course (Izadi and Salehi, 2009). The relatively low total
numbers of CCHF cases, coupled with ethical concerns in designing
a randomized, placebo-controlled trial (Arda et al., 2012) likely
means that this issue will not be resolved in the near future. Other
approaches, such as the use of CCHF immune globulin, have not yet
been studied in Iran. Reports from Turkey and Bulgaria have shown
its possible effectiveness, though these studies did not include con-
trol groups (Kubar et al., 2011; Vassilenko et al., 1990).

The Iranian experience of CCHF is large enough to support a ba-
sic epidemiological study of risk factors for fatal infections, led by
the NECVHF. Factors that could be studied include quality control
and independent testing of the ribavirin used, strain-specific viro-
logic or virulence factors, host genetic polymorphism and compar-
ison of different supportive care measures. In terms of the latter,
given the continued high CFR, active measures should be under-
taken to safely transfer patients from rural areas to larger medical
centers, rather than keeping them isolated and potentially inade-
quately treated.

6. Detection of the circulation of CCHFV in Iran
6.1. Serosurveys

The presence of CCHFV in Iran was first demonstrated when
antibodies to the virus were detected in serum samples from sheep
that were sent from Tehran to Moscow for testing (Table 2)
(Chumakov and Smirnova, 1972). Screening of 580 serum samples
collected in several regions of the country detected antibodies in
49% of sheep and 19% of camels, but human specimens were neg-
ative. A subsequent study of serum samples from preschool chil-
dren in the Caspian Sea area in 1970-1971 found that 4% were
positive (Saidi, 1974). Serological studies of humans and cattle in
1974 clearly showed that CCHFV was endemic in Iran, with 45 of
351 serum samples from men near the Caspian Sea and in East
Azerbaijan province positive for CCHFV antibodies (Saidi et al.,
1975).

Experience with the treatment of CCHF with ribavirin in Iran from 1999 to 2011. In Column 2, some studies compared the outcome of cases treated with ribavirin, beginning at
different time points in the disease course. Column 3 lists the number of patients in each study who were treated with ribavirin and the total number of confirmed cases of CCHF.

Column 4 lists the number of deaths among patients who were treated with ribavirin.

Years Study type Treated/confirmed Deaths among treated cases Province References

1999-2001 Historical comparison 61/69 8/61 (13.1%) All involved provinces Mardani et al. (2003)
1999-2004 Historical comparison 236/255 37/236 (15.7%) Sistan and Baluchestan Alavi-Naini et al. (2006)
2000-2005 Comparison to evaluate 184/184 38/184 (20.65%) Sistan and Baluchestan Metanat et al. (20060
2000-2006 Comparison to evaluate timing 63/63 16/63 (25.4%) Sistan and Baluchestan Izadi and Salehi (2009)
2004-2006 Observational 6/6 0/6 (00.0%) Golestan Jabbari et al. (2004)
2009 Observational 6/6 2/6 (33.3%) Khorasan Naderi et al. (2011)

Total of all 7 studies 679/706

120/679 (17.67%)
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The extent of animal infection with CCHFV in Iran has been
further investigated since 1999. Of nearly 5000 serum samples
from livestock in high-risk areas sent to the National Reference
Laboratory for testing from June, 2000 through December, 2009,
more than 2000 were positive for anti-CCHFV IgG (Chinikar
et al., 2010). Localized studies have shown variable results. In a
recent investigation, sera from 5.9% of 876 dairy cattle in 16 cities
in Razavi Khorasan, Southern Khorasan, Chaharmahal Bakhtiari,
Sistan and Baluchestan and Semnan provinces were positive by
ELISA (Lotfollahzadeh et al., 2011). Antibody prevalence was
3.7% in desert areas, but increased to 9% in regions with a steppe
climate. Interestingly, even though the province of Sistan and
Baluchestan has the most cases of CCHF, there was a lower anti-
body prevalence in cattle. In Ardabil, in the northwest of the
country, 39% of 56 serum samples from sheep, cattle and goats
were positive for anti-CCHFV IgG (Telmadarraiy et al., 2010),
while a serosurvey of sheep in Mazandaran showed that only
3.7% were positive (Mostafavi et al., 2012). The role of small
mammals in the transmission of CCHFV in Iran has not yet been
adequately studied.

The human seroprevalence rate of anti-CCHFV IgG in the Sis-
tan and Baluchestan province in 2000-2004 was 2.4% (7/297
samples). All seropositive subjects, but only 56% of seronegative
subjects, had a history of animal contact within the previous
12 months (Izadi et al., 2006). However, this study suffers from
small sample size and lack of representation of the entire study
area.

6.2. Recovery of CCHFV from ticks

Ecologic studies have shown that hard (ixodid) ticks of the
genus Hyalomma are the primary vector for transmission of
CCHFV, but the virus has also been isolated from members of
the genera Rhipicephalus and Amblyomma (Tahmasebi et al.,
2010; Zeller et al., 1997; Bursali et al., 2011). Although CCHFV
has also been detected in soft ticks of the genera Argasidae and
Ornithodoros, there is no evidence that these species are compe-
tent vectors; the detection of virus in a soft tick simply indicates
that it has recently fed on a viremic vertebrate (Turell, 2007; Dur-
den et al., 1993).

In Iran, CCHFV has been recovered from both hard and soft ticks
(Table 4). The virus was first isolated in 1978 from ticks of the spe-
cies O. lahorensis (Sureau and Klein, 1980). In a 2010 report on ticks
collected in Ardabil province, RT-PCR was positive for CCHFV in
26.2% of hard ticks, including the species Rhipicephalus bursa
(17.5%) and members of the Hyalomma genus (8.7%), and was po-
sitive in 100% of soft ticks, which were all of the species O. lahoren-
sis (Telmadarraiy et al., 2010). In a study of ticks collected from
livestock in Hamadan province in Iran, 19.2% were positive by
RT-PCR (16.32% of Hyalomma detritum, 18.18% of Hyalomma anat-
olicum, 55% of Rhipicephalus sanguineus, and 100% of Argas reflexus)
(Tahmasebi et al., 2010). No Ornithodoros ticks were positive. In an-
other study of ixodid ticks recovered from sheep, goats and cattle
in the Sanandaj and Kamiaran districts of Kurdistan, 70% were
members of the Hyalomma genus (Fakoorziba et al., 2012). Of 90
adult ticks tested by RT-PCR, 5 Hyalomma ticks were positive for
CCHFV.

Table 4

7. Disease surveillance

In response to the recognition of CCHF in 1999, the Iranian
Center for Disease Control (CDC), the Pasteur Institute and the
National Veterinary Organization formed the National Expert
Committee of Viral Hemorrhagic Fevers (NECVHFs). Comprised
of clinicians, epidemiologists, entomologists, veterinarians and
virologists, this committee is dedicated to identifying and investi-
gating CCHF cases and is responsible for surveillance and preven-
tion programs.

Activities are carried out at two levels. At the national level, the
committee is primarily involved in developing guidelines for case
identification, treatment, prevention, case investigation and data
collection. Activities at Level Il comprise the local response to
CCHF, primarily through universities and health centers, involving
diagnosis and treatment, isolation measures for suspected cases,
prevention of secondary transmission and reporting of new cases
to the CDC through a detailed questionnaire. The committee also
holds workshops and other training and education programs for
persons at high risk of infection, including health care workers, lab-
oratory technicians, persons in contact with livestock and the gen-
eral population of endemic areas. Guidelines for disease
identification and treatment have been sent to all universities
and public health systems in Iran, with a special focus on regions
with the highest case numbers.

Suspected or confirmed CCHF is a reportable disease in Iran, and
physicians are required to complete a surveillance form and sub-
mit it to the CDC. The form includes demographic data, date of first
symptoms, epidemiologic risk factors, clinical signs and symptoms,
laboratory findings, description of ribavirin treatment, and disease
outcome. The CDC maintains an active database for research and
patient follow-up.

8. Control of CCHFV in ticks and livestock

Since 2000, in an effort to prevent human exposure to infected
ticks, all livestock in industrial breeding centers have been
treated with insecticide showers. It is currently recommended
that animals should be treated two weeks before slaughter, but
no strict guidelines exist. Workers in industrial slaughterhouses
are educated about routes of virus transmission from animals to
humans, and are required to wear gloves, goggles and plastic
gowns when in contact with animals, their blood or a freshly
dead carcass. However, local or traditional slaughtering activities
employ few or no preventive measures (Chinikar, 2007). No stud-
ies have examined the efficacy of control methods such as insec-
ticide use or compared industrial breeding centers to traditional
centers.

Because CCHF has been reported in most of Iran’s neighboring
countries, the control of imported livestock may play an important
role in reducing disease incidence (Chinikar et al., 2010). However,
providing animal quarantine along some borders, such as that with
Afghanistan, is not practical, because most animal transport occurs
illegally.

Guidelines for the prevention of CCHF have recently been de-
scribed, based on a 5-level stratification of the risk of disease

Species of ticks from which CCHFV has been recovered in Iran. As discussed in the text, only Hyalomma spp. and certain other species of ixodid (hard) ticks are considered to be

competent vectors for the virus.

Date Tick Location Virus detection References

1978 Ornithodoros lahorensis Khorasan  Virus isolated for the first time in ticks in Iran ~ Sureau and Klein (1980)
2004-2005  Rhipicephalus bursa Hyalomma genusOrnithodoros lahorensis ~ Ardabil Ticks were tested by RT-PCR Telmadarraiy et al. (2010)
2007 Hyalomma genus Rhipicephalus sanguineus Argas reflexus Hamadan Tested by RT-PCR Tahmasebi et al. (2010)
2007 Hyalomma genus Kurdistan Tested by RT-PCR Fakoorziba et al. (2012)
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Table 5

Genetic diversity of CCHFV isolated from ticks, livestock and humans in Iran. See also Supplementary Fig. 1 for the locations of these isolates in a phylogenetic tree of the viral S

segment (Mild et al., 2010).

Genotype Year Comment References

1 (Africa 1) 2002 The dominant isolate in Iran in the 2000s Chinikar et al. (2004), Mild et al. (2010)
2007 Tahmasebi et al. (2010)
2008 Likely circulating in Iran Chinikar et al. (2012)

2 (Asia 2) 2002 Only isolate of this strain from Iran Chinikar et al. (2004), Mild et al. (2010)

4 (Europe 1) 2002 Chinikar et al. (2004), Mild et al. (2010)
2012 Currently circulating in Iran Mahzounieh et al. (2012)

7 (Africa 1) 1978 Only isolate of this strain from Iran Sureau and Klein (1980), Mild et al. (2010)

acquisition (Mertens et al., 2013). These guidelines recommend
control of tick populations and of the size of wildlife populations
(highest level) for countries with endemic areas of CCHF.

9. Genetic diversity of CCHFV in Iran

Phylogenetic analysis of all known strains of CCHFV has shown
that they can be divided into 7 lineages, which have been given dif-
ferent names by different investigators (Supplementary Fig. 1)
(Deyde et al., 2006; Mild et al., 2010; Han and Rayner, 2011).
Viruses recovered in Iran fall into 4 of the 7 groupings, the broadest
genetic diversity of any country (Mild et al., 2010). These will be
briefly reviewed by genotype (Table 5).

9.1. Genotype 1 (Asia 1)

When intensive study of CCHFV began in Iran following the
cluster of cases in 1999, the first isolates to be reported were found
to resemble the Matin strain from Pakistan (Chinikar et al., 2004;
Mild et al., 2010), a finding compatible with the large number of
cases seen in the Sistan and Baluchestan province, which borders
Pakistan. In 2007, a study of viruses isolated from ticks on
sheep in Hamadan found that all but one strain was related to
Genotype 1 (Asia 1) (Tahmasebi et al.,, 2010). In 2008, viruses
recovered from ticks in Isfahan were also shown to be related to
genotype 1, mostly to Pakistani strains, with one related to an Iraqi
strain (Chinikar et al., 2012).

9.2. Genotype 2 (Asia 2)

One of the viruses reported in 2002 was related to CCHFV
strains from Central Asia and China (Mild et al., 2010).

9.3. Genotype 4 (Europe 1)

One of the isolates reported in 2002 fell within the genotype 4
clade, resembling strains circulating in Turkey in 2004-2007 (Mild
et al,, 2010). Recently, it was found that viruses recovered from
sheep in the Chaharmahal Bakhtiari province were also closely re-
lated to genotype 4 strains seen in Turkey, specifically Turkish
group Il (Mahzounieh et al., 2012). The authors do not state the ex-
act year they obtained the samples. Another recent publication de-
scribed a genotype 4 strain from a patient in northern Iran
(Chinikar et al., 2012).

9.4. Genotype 7

The first virus isolated in Iran in 1978 (ArTeh 193-3) is classi-
fied in genotype 7 (Africa 1), a clade which also contains viruses
isolated in Senegal in 1969, in Mauritania in 1988 and in South
Africa in 1989 and 1998 (Mild et al., 2010).

The broad genetic diversity of CCHFV in Iran reflects the variety
of viruses found in neighboring countries. To the southeast, Iran

shares genotype 1 (Asia 1) strains with Pakistan and Afghanistan,
while genotype 2 (Asia 2) strains are found to the northeast, in
Central Asia, and to the northwest Iran shares a border and geno-
type 4 (Europe 1) viruses with Turkey. Considering that the inci-
dence of CCHF has increased in parallel in Turkey and Iran during
the past decade, it is tempting to attribute the surge in cases in Iran
to genotype 4 (Europe 1) strains, but data are still lacking to test
this hypothesis.

10. Possible ecological basis of the increase in CCHF in Iran

The ecology and epidemiology of CCHF in Iran are only
beginning to be understood. Turkey, Iran’s neighbor to the
northwest, has seen a dramatic increase in the number of hu-
man infections since 2008, but the causes of this increase are
not clear. While there is a cumulative temperature requirement
for molting of Hyaloma ticks, climate change appears to be only
one of many factors (Estrada-Pefia et al., 2010; Purnak et al.,
2007). Alterations in habitat and in small mammal populations,
migratory birds, and other factors are also being investigated in
studies focusing on the potential for CCHF to spread within
Europe (Estrada-Pefia et al., 2010, 2012, 2013; Gale et al,
2010, 2012; Randolph and Rogers, 2007; Maltezou and Papa,
2010).

It is noteworthy that the increase in CCHF cases in Turkey in
2008, followed by a leveling-out of case numbers, mirrored what
occurred in Iran during the same period (Fig. 2). It should also
be noted that cases in Iran were first identified in 1999 and
increased through 2002, when the first patient was recognized
in Turkey (Ergonul et al., 2004, Gozalan et al., 2004). Although
Iran has not been included in studies of the ecology and epide-
miology of CCHF, the apparently simultaneous increase in cases
across such distant and different geographic areas raises
questions about CCHFV transmission and the conclusions of
epidemiologic studies that have focused only on Turkey.
Surprisingly, regions of northwestern Iran that most closely
resemble Turkey do not have the highest rates of infection in
the country.

Sistan and Baluchestan province, the region with the largest
numbers of cases of CCHF in Iran, borders Pakistan in the southeast
and is sparsely populated. Its desert terrain has a completely differ-
ent ecosystem than northern Iran or Turkey, but Hyalomma ticks
harboring CCHFV are present (Mehravaran et al., 2012). Unfortu-
nately, until now there have been no comprehensive studies of
the life cycle of CCHFV in that province. Further investigation of
factors including changes in ecologic factors such as rainfall,
humidity and temperature across a wide range of areas may be still
be useful, despite the lack of findings from previous studies focus-
ing on Africa and Europe (Estrada-Pefia, 2008). Studies of the un-
ique ecological niche of Sistan and Baluchestan could provide
new information about the establishment, persistence, and trans-
mission of CCHFV.
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11. Difference in case fatality rate between Iran and Turkey

The CFR of confirmed cases of CCHF in Iran appears to be several
times higher than the rate of 5% seen for untreated cases in Turkey
(Koksal et al., 2010, Duygu et al., 2012). This difference, and indeed
the wide range in CFR reported in various endemic countries, is
somewhat puzzling. It could simply reflect better surveillance in
Turkey, and the detection of greater number of infected persons
with few or no symptoms. However, other factors, such as the
quality of ribavirin, level of supportive care, and virus and host dif-
ferences should also be considered. It should also be noted that the
case fatality of epidemics in Iran in the 1960’s and 70’s bordering
Turkey were also around 5%. While these were not proven to be
CCHF, the similarities in patient presentation and epidemiology
are striking. Thus, possibilities such as differences in mortality
based on viral strain differences and ribavirin usage should be
considered.

Regarding the former, it should be noted that the CFR of one
large study in Pakistan was around 15% (Durrani et al., 2007), thus
it may be that the genotype 1 (Asia) viruses are more virulent than
genotype 4 (Europe), but more studies will be needed to test this
hypothesis. As noted above, the Iranian experience is large enough
to support basic epidemiological research on risk factors for mor-
tality. Greater national cooperation in CCHF research between Iran
and Turkey would be useful in carrying out such studies.

12. Questions for further research

Since the first human infection was identified in 1999, CCHF has
been a major public health concern in Iran, with a large number of
cases observed all over the country. Because the epidemiologic pic-
ture is only 13 years old, we do not have enough information to
predict how the disease will behave in the future. Surveillance
and control programs initially appeared to be successful in limiting
the number of cases, but the increase since 2005 has challenged
those assumptions. The recent surge highlights the potential role
of environmental factors, and more studies are needed to under-
stand those factors that affect sylvatic and human infection cycles.
This is particularly true for Sistan and Baluchestan province, which
has the most cases of CCHF, but in which its ecology and epidemi-
ology are poorly understood.

Current preventive and treatment measures in Iran also provide
an opportunity to study the role of insecticide treatment of cattle
and early therapy for humans. The high CFR in Iran despite ribavi-
rin treatment is alarming. Formal studies assessing risk factors for
mortality and further measures to reduce this high rate should be
addressed. Comparative epidemiological studies of CCHF in Turkey
and Iran will also help us better understand and control the
disease.
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