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ArtiC{e history: Climatic, environmental and economic changes, as well as the steadily increasing global trade and per-
Received 16 November 2012 sonal mobility provide ample opportunities for emerging pathogens with zoonotic potential to spread
Revised 22 January 2013 to previously unaffected countries. Crimean-Congo hemorrhagic fever virus (CCHFV) is considered to
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Available online 28 February 2013 be one of the major emerging disease threats spreading to and within the European Union following

an expanding distribution of its main vector, ticks of the genus Hyalomma. Every year more than 1000
human CCHF cases are reported from countries of southeastern Europe and Turkey. CCHFV can cause high

Ke.y words: . . case fatality rates and can be transmitted from human to human. There are no vaccine prophylaxis and
Crimean-Congo hemorrhagic fever virus LT . . .
Arbovirus therapeutic interventions available at present. Several EU-funded research projects focus currently on

Tick-borne disease CCHFV which highlights the awareness for this problem at the European level. As public health deals with
Zoonosis, Public health questions of prevention on a population level rather than healing and health on an individual level, the
analysis of existing data plays a fundamental role to minimize its epidemic potential, by reducing infec-

tion risks, and to manage disease outbreaks. This review gives a summary of the current knowledge and

data with focus at the interface between public health and CCHFV. Based on this knowledge, guidelines

for the risk classification of a region and for outbreak prevention are given. This review will assist deci-

sion makers and public health authorities in understanding risk scenarios and in deciding on effective

countermeasures, as well as human and veterinary scientists by highlighting existing gaps in knowledge.

© 2013 Elsevier B.V. All rights reserved.
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1. Introduction

Crimean-Congo hemorrhagic fever virus (CCHFV) is a member
of the genus Nairovirus within the family Bunyaviridae. Since
arthropods serve as transmission vectors, CCHFV is assigned to
the group of Arboviruses (Arthropod-borne virus). Ticks of the
genus Hyalomma are considered to be the main vector and also
constitute the natural reservoir, as reviewed by Whitehouse
(2004). Hyalomma spp. are present on the ground and infest small

and large mammals (e.g. hedgehogs, hares, foxes, sheep, and cat-
tle). Ticks therefore play a pivotal role in the CCHFV transmission
cycle (tick-vertebrate-tick cycle) (Zeller et al., 1994). Although
viremia in animals can last for up to two weeks, animals do not
show clinical signs (Gunes et al., 2011).

CCHFV is an emerging virus with zoonotic potential. Tick bites
constitute the main infection route for humans (Gunes et al.,
2009). However, contact with body fluids, tissue or blood of
viremic animals also represents infection risks for humans.

Fig. 1. Distribution of Hyalomma marginatum ticks in Europe. The dotted line shows the northern limit of distribution of H. marginatum. The black dots indicate isolation of
CCHFV, the white dots detection of CCHFV-specific antibodies. This figure was originally published in Parasitology Research and is re-used with kind permission from Springer

Science and Business Media (Hubalek and Rudolf, 2012).
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Additionally, there are several reports about person-to-person
transmission by unprotected handling of infected blood or material
from CCHF patients, by accidental needle stick injuries, and by
accident or inadequate protection measures during surgeries,
which are the main reasons for nosocomial infections (Chinikar
et al.,, 2010; Ergonul et al., 2007; Mourya et al., 2012).

CCHFV infections of humans can cause a severe hemorrhagic fe-
ver (CCHF) with lethality rates ranging from 5% to 80% (Yen et al.,
1985; Yilmaz et al., 2008). Scientific data on the virulence of CCHFV
and the morbidity rates following infections in humans are scarce.
According to the literature 10-20% of infected humans develop
clinical signs (Bodur et al., 2012; Goldfarb et al., 1980). There is
no safe vaccine available and therapeutic interventions are re-
stricted to supportive measures. Because of the classification of
CCHFV as a Biosafety Level 4 pathogen by the World Health Orga-
nization (WHO) and the Centre for Disease Control and Prevention
(CDC), high biocontainment facilities are required for work with
infectious material or with the virus itself (Bronze et al., 2002; Kes-
htkar-Jahromi et al., 2011).

2. Epidemiology
2.1. Vector distribution

Although CCHFV was isolated from 31 tick species, until now
only a few species were shown to be competent as a vector. The
spread of CCHFV primarily coincides with the distribution of Hya-
lomma ticks as its main vector. To date, these ticks have been found
in regions of many countries in southeastern Europe (Fig. 1). Ticks
are not only relevant as vectors but also play a role as natural res-
ervoir, since the virus can be transmitted transstadially, transovar-
ially or by venereal route within the tick population. Another
possible route of transmission from one tick to another is by co-
feeding (Gonzalez et al., 1992; Gunes et al., 2011; Wilson et al.,
1991; Zeller et al., 1994).

Regions with warm climate and high fragmentation of the land-
scape vegetation (grasslands, bush lands, forests and agricultural
land) are suitable habitats for Hyalomma ticks and correlate with
high risk areas for CCHFV infections in Turkey (Estrada-Pena
et al., 2007). Hyalomma ticks can be found in diverse geographical
regions like steppe, savannah, semi-desert, farmland and foothills,
but also along river floodplains with rich grasslands and shrub and
woodland vegetation. Populations of these ticks currently establish

Table 1

Number of human CCHF cases/number of deaths (lethality rate in %) reported from
southeastern Europe and Turkey. Information on case numbers was extracted from
the published literature (Av§ié—2upanc, 2008; Humolli et al., 2010; Kunchev and
Kojouharova, 2008; Maltezou et al., 2010; Yilmaz et al., 2008). X = no data available.

Year Albania Bulgaria Greece Kosovo Turkey
1953-1974 1105/190 (17) X

1975-1996 279/32 (11) X

1985-1987 32/5(17) x X

1995 X X 46/7 (15)

1996 X X 9/5 (56)

1997 X 20/4 (20) 0/0 (0)

1998 X 15/3 (20) 1/0 (0)

1999 X 5/2 (40) 3/2 (67)

2000 X 10/1 (10) 1/0 (0)

2001 7/0 (0) 18/5 (28) 31/7 (22)

2002 X 56/12 (21) 14/3 (21) 17/0(0)
2003 X 14/2 (14) 6/3 (50) 133/6 (5)
2004 X 18/6 (33) 16/2 (13) 249/13 (5)
2005 X 14/2 (14) 11/5 (46) 266/13 (5)
2006 X 7/2 (29) 4/2 (50)  438/27 (6)
2007 X X 2/0 (0) 713/33 (5)
2008 X 6/1(17) 1/1(100) 5/1(20) 1315/63 (5)
2009 X X 0/0 (0) 12/2 (17) 1300/62 (5)

up to 46°N (latitude north) as the northern limit of distribution.
The Alps and Balkan mountains seem to act as natural barriers
for their distribution (EFSA, 2010; Hornok and Horvath, 2012).

The role of Ixodes ricinus ticks, the most common tick species in
central Europe, in the transmission and spread of CCHFV remains
unknown, but can presumably be neglected, as has been reviewed
previously (Estrada-Pena et al., 2012b; Hubalek and Rudolf, 2012).
Furthermore, it is unlikely that these ticks have a large impact on
the transmission of this virus, since this species is geographically
widespread and abundant in many parts of Europe where no CCHF
cases have been reported (EFSA, 2010).

2.2. Distribution of the virus

Human infections with CCHFV have been notified in more than
30 countries of Asia, the Middle East, southeastern Europe and
Africa, as reviewed by Whitehouse (2004). From 1953 till 2010,
altogether around 6000 human cases were reported from south-
eastern Europe, namely from Albania, Bulgaria, Greece, Kosovo
and Turkey. Annual case numbers in humans increased over the
last years in Turkey, either caused by an increase in numbers of
CCHFV infections or by a better awareness and improved surveil-
lance (Table 1). In animals data on CCHFV infection are rarely exis-
tent. In Turkey, seroprevalence rates in domestic animals of up to
79% were reported in the endemic areas (Gunes et al., 2009). Apart
from countries with notified CCHF cases, CCHFV was recently
found for the first time in Spain (Estrada-Pena et al., 2012d).

2.2.1. Albania

In Albania, CCHF was for the first time diagnosed in 1986.
Lethality rates in the years 1985-1987 were nearby 17% (Av3i¢-Zu-
panc, 2008). Between 2001 and 2006 an average of five human
cases per year was reported. Endemic areas are the provinces
Has and Kukes at the border to the Republic of Kosovo. A seroprev-
alence rate of 20% (2/10) was found in goats by immunofluores-
cence assay (IFA) in the province of Has in 2003. Investigations of
ticks in Kukes in 2005 resulted in a prevalence of 3% (1/31 positive
tick pools in nested reverse transcription polymerase chain reac-
tion (RT-PCR)) (Papa et al., 2009).

2.2.2. Bulgaria

In Bulgaria, CCHF was first recognized in 1950 and is a notifiable
disease since 1953. In 1974, a vaccination program was initiated
for risk groups and people living in endemic areas. The numbers
of CCHF cases in the following years decreased from 1105 clinical
cases between 1953 and 1974 to 279 cases between 1975 and
1996 (Avsi¢-Zupanc, 2008; Papa et al., 2004, 2011a). The lethality
rate, calculated on the basis of 1568 reported human cases notified
between 1953 and 2008, was approximately 17%. The endemic
areas of Bulgaria are in the central and in the eastern parts of the
country where the seroprevalence in animals reaches up to 50%
(Maltezou et al., 2010; Papa et al., 2004).

2.2.3. Greece

In Greece CCHFV was isolated for the first time from a Rhipi-
cephalus bursa tick in 1975. The seroprevalence investigated by
immunodiffusion assay in goat and sheep sera, which were col-
lected between 1969 and 1978 in the northern part of the country,
was 32.9% (139/422) and 11.6% (34/294), respectively. In the time
period between 1981 and 1988, the average antibody prevalence in
humans was 1.1% for the whole of Greece, but no human CCHF
cases were reported. It was assumed that the antibody response
had been induced by the CCHFV strain AP92, which seemed to be
non-pathogenic for humans (Papa et al., 2010, 2011b; Papadopou-
los and Koptopoulos, 1980). Surprisingly, in the western part of
Turkey a closely related strain, KMAG-Hu-07-01, was responsible
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for a small outbreak in 2007. During this outbreak only two of 40
individuals with CCHFV-specific IgM antibodies, tested by
enzyme-linked immunosorbent assay (ELISA) (Vector-Best,
Novosibirsk, Russia), showed mild clinical symptoms, which indi-
cates a low pathogenicity of this strain for humans (Midilli et al.,
2009).

In 2008, the first clinical human case was reported from Greece
close to the Bulgarian border. A subsequently conducted epidemi-
ological study (2008-2009) revealed an antibody prevalence rate
of 3.1% in humans (ELISA, Vector-Best, Novosibirsk, Russia) living
in and around this region (Papa et al., 2010, 2011b). A following
study (2009-2010) showed an antibody prevalence of 4.2% (rang-
ing from 0% to 27.5% in ELISA, Vector-Best, Novosibirsk, Russia)
in humans for the whole country (Sidira et al., 2012). This study
also supported the theory of an apathogenic character of CCHFV
strain AP92.

2.2.4. Kosovo

In the Republic of Kosovo, former Yugoslavia, the first CCHF case
was reported in 1954 followed by the first outbreak in 1957. A sec-
ond outbreak among shepherds at the border to FYROM (Former
Yugoslavian Republic of Macedonia) occurred in 1970. More out-
breaks were notified in 1991/1992, 1995/1996 and in 2001. Since
this time, an average of 10 sporadic cases has been recorded each
year. The endemic regions are in the central and the South-western
part of the country. The seroprevalence rate in humans was 5.2% in
1991/1992 but increased to 24.3% in 1995 (ELISA). The seropreva-
lence in sheep was 32.6% (Avsi¢-Zupanc, 2008; Humolli et al.,
2010; Jameson et al., 2012; Papa et al., 2002b), and the virus prev-
alence in ticks collected in 2001 was 15% (41/273 positives in
quantitative RT-PCR) (Duh et al., 2006).

2.2.5. Turkey

The first CCHF case was discovered in the province Tokat, in the
northern part of Turkey, in 2002. In 2003, CCHF became a notifiable
disease. Since then, the annual number of clinical cases was far
higher than the case number in all other European countries com-
bined (Table 1). The majority of human CCHF cases occurred in
middle and eastern Anatolia (Karti et al., 2004; Maltezou et al.,
2010; Yilmaz et al., 2008). A sero-epidemiological study was per-
formed in the endemic districts Tokat and Sivas in 2006, which re-
vealed seroprevalence rates of 12.8% in the rural and 2% in the
urban population (ELISA, Vector-Best, Novosibirsk, Russia).
CCHFV-specific antibodies were found in 79% of the domestic ani-
mals tested originating from these areas (Gunes et al., 2009), and
20% of the Hyalomma ticks were tested positive in an antigen cap-
ture ELISA (Vector-Best, Novosibirsk, Russia) for CCHFV (Gunes
et al., 2011). Moreover, during a small outbreak in the European
part of Turkey (Thrace) in 2007, where no outbreaks had been re-
ported before, a seroprevalence rate of 5.26% CCHFV-specific anti-
bodies was found in humans by ELISA (Vector-Best, Novosibirsk,
Russia) (Midilli et al., 2009).

2.3. Impact of climate and other factors on the distribution of vector
and virus

Climatic factors like mild winters, warm autumns, a decrease in
rainfall, changes in land cultivation and usage, as well as changes
in the populations of reservoir species contribute to an increase
of suitable habitat areas for ticks. Hyalomma ticks prefer warm
summers and relatively mild winters. An increase of the average
annual temperature, especially in late autumn, allows the ticks to
molt faster, which in turn enables the engorged nymphs to molt
into adults before winter at which stage they have a higher chance
of overwintering (EFSA, 2010; Gray et al., 2009). Mild winters also
increase the survival rate of the ticks resulting in large populations

and high tick prevalences within the respective region, which may
lead to a spread into neighboring territories (Ergonul, 2006; Papa
et al., 2002a). These factors potentially enhance the survival and
circulation of the virus within the tick population.

In addition to increasing temperatures in winter, a decrease of
rainfall and an increase of the evapo-transpiration in summer, as
well as the population density of suitable animal hosts may have
an impact on the availability of new habitats for ticks, and may also
facilitate spread towards northern latitudes (EFSA, 2010; Estrada-
Pena et al., 2012e; Gray et al., 2009).

In case of Hyalomma marginatum, environmental changes, such
as changing pasture patterns, conversion of flood plains and mar-
shy deltas to farmland, as well as flood control measures enhance
the suitability of habitats. For Turkey, a high habitat fragmentation
with small agricultural fields correlates with high infection rates
(EFSA, 2010; Estrada-Pena et al., 2007; Vorou, 2009).

Changes in ecological conditions, such as an increase in bush
land, as a consequence of a neglected use of agricultural land or
of deforestation measures to gain farmland, contribute to an in-
crease in adequate habitats for Hyalomma ticks and their reservoir
animals. Likewise, decreased hunting activities have an additive ef-
fect. Before the first outbreak in Turkey in 2002, no hunting and
agricultural activities had been carried out in the respective area
for more than seven years, due to political unrest. This led to a
higher density of wildlife (e.g. hares) and, in consequence, to an in-
creased density in the tick population. When agricultural activities
were resumed in 2001, humans and domestic animals were ex-
posed to increased tick numbers. A similar observation was made
in the former Soviet Union, Bulgaria, Albania and in Kosovo (Estra-
da-Pena et al., 2007; Jameson et al., 2012; Papa et al., 2009; Vorou,
2009).

Changes in climate can directly affect survival, activity, and
development of ticks. The spread of CCHFV to new tick habitats
can occur by migratory birds carrying infected ticks, and via tick-
infested livestock or wildlife movements. Although the probability
of an introduction of CCHFV to non-affected European countries by
migrating birds is considered to be low (Gale et al., 2012), CCHFV
infected ticks were found in Spain in 2010. Since the isolated strain
genetically clustered together with strains recorded in Mauritania
and Senegal, this indicates that there is indeed a risk of introduc-
tion of CCHFV from endemic areas to unaffected regions (Estra-
da-Pena et al., 2012d). Unfortunately, the lack in understanding
of tick-host-virus interactions on a molecular level and of all fac-
tors which influence tick and virus epidemiology hampers the
development of risk assessment models, as has been reviewed by
Estrada-Pena et al. (2012a,b); Vorou (2009).

Whenever an infected vector is transferred into a suitable hab-
itat and a stable population develops, there is a reasonably high
risk for the establishment of a new CCHFV endemic area. Vice-ver-
sa, recent experiences from outbreaks in Turkey, Kosovo, Bulgaria
and Albania have shown how unlikely it is that a stable Hyalomma
population will disappear and that an endemic area will be cleared
of CCHFV (Gunes et al., 2011; Humolli et al.,, 2010; Papa et al,,
2004). In general, the potential virus spread and the formation of
new risk areas can be discussed for several different viruses e.g.
tick-borne encephalitis virus (TBEV). In any case, if a virus is de-
tected in a region for the first time, it is most often hard to decide
whether the virus spread to the respective region a short time ago
or if it has been circulating undetected for a long time (Suss, 2011).
For example, the fact that the virus was not detected in Turkey be-
fore 2002 does not necessarily mean that it was not circulating ear-
lier in the area of the first outbreak, but can perhaps be explained
by noting that, because no hunting or agricultural activities were
performed, few people were at risk of a tick bite. This may also
be the case for some other countries where, until now, CCHFV
has not been notified.
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3. Infection risk
3.1. Zoonotic potential of CCHFV and paths of transmission

3.1.1. Tick-related infections

To date, only few reports of the prevalence of CCHFV in ticks
have been published. A prevalence of 15% CCHFV-positive ticks
was found in Kosovo in 2001 by quantitative RT-PCR (Duh et al.,
2006), 3% in Albania in 2005 by nested RT-PCR (Papa et al., 2009)
and up to 20% in Turkey in 2007 by antigen-capture ELISA (Vec-
tor-Best, Novosibirsk, Russia) (Gunes et al., 2011). Tick bites repre-
sent the most important route of infection for humans, although
the frequency of tick bites in human cases seems to differ between
the countries. In Albania, 17.3% of patients had a history of a tick
bite (Papa et al., 2009), whereas in Turkey the number was much
higher; according to one study, 68.9% of CCHF patients reported a
tick bite as a possible route of infection (Yilmaz et al., 2009). Inves-
tigations of healthy persons with a history of a tick bite resulted in
an antibody prevalence of only 10% in ELISA (BDSL, Scotland, UK)
(Tekin et al., 2010). The reasons for this may be both a low preva-
lence of CCHFV in these ticks and poor virus transmission effi-
ciency. However, in Turkey, infection by tick bite seems to be the
main source for human CCHF cases. Further investigations on fac-
tors modulating the transmission efficiency of CCHFV are neces-
sary. Titers of 6.8 x 10”7 copies per milliliter homogenate have
been found in ticks by quantitative RT-PCR (Papa et al., 2009).

In Turkey, the adult ticks are active from April to November,
whereas the active period of the larvae is from June to late autumn.
Due to this, the risk of a CCHFV infection is much higher in late
spring till late summer when the activity of ticks is highest and
when different stages of Hyalomma ticks are present (Estrada-Pena
et al,, 2011; Gunes et al,, 2011). Nearly 70% of the human cases in
Turkey were reported in June and July (Yilmaz et al., 2009). Either
way, it is important that clinicians are aware that CCHFV infections
can also occur during the winter period (Koksal et al., 2011).

Tick bites are not the only cause of infections for humans. Infec-
tions with CCHFV can also result from crushing infected ticks, lead-
ing to a massive virus release that may be inhaled or transmitted
via skin contact (Gunes et al., 2011; Swanepoel et al., 1998). In gen-
eral, not only the density of Hyalomma ticks, the virus prevalence
in these ticks, the geographical landscape and the climate in the
respective area pose a risk of infection to humans. A change in hu-
man behavior during warm days, e.g. increased outdoor activities
or an increase in work in agriculture, may also lead to an increased
overlap with the ticks’ activity, which may consequently result in
an increased number of tick bites and human infections (EFSA,
2010; Gunes et al., 2011; Yilmaz et al., 2009).

3.1.2. Animal-related infections

Animals play a crucial role in the life cycle of ticks and, there-
fore, in the transmission and amplification of the virus. Viremia
or antibodies have been detected in a broad range of wild and
domestic mammals (Causey et al., 1970; Shepherd et al., 1989;
Wilson et al., 1991). Only birds, with the exception of ostriches,
rarely seem to become infected with CCHFV (Shepherd et al.,
1987; Swanepoel et al., 1998; Zeller et al., 1994).

Although viremia in mammals can last for up to two weeks,
they do not show any clinical signs (Gunes et al., 2011). Albeit only
few data are available and more research is necessary, it can be as-
sumed that contact with body fluids, tissue or blood of viremic ani-
mals may pose a risk of infection for humans, in particular abattoir
workers, veterinarians, shepherds and farmers. Out of the 1670 hu-
man CCHF cases in Turkey between 2004 and 2007, a total of 61.7%
(n=1031) were reported to have had close contact with animals;
34.1% (n = 569) were farmers, whereas only 9.9% (n = 165) had di-

rect contact with animal blood, other body fluids or animal tissue.
Because the percentages of patients who had contact with animals
and those who reported a tick bite (68.9% and 61.7%, respectively)
were comparable, it seems likely that tick-infested animals trans-
mit ticks to humans, and that the cause of infections is rather
due to tick bites. Larger numbers of livestock animals, and there
with a higher prevalence of ticks, may be the reason for the in-
creased numbers of human CCHF cases in small villages (69.4%;
n=1159) compared to that in towns (20.9%; n =349) or city cen-
ters (9.7%; n=162) (Gunes et al., 2009; Mourya et al., 2012; Yilmaz
et al., 2009).

3.1.3. Human-to-human transmission

CCHFV can be transmitted from human to human during the
viremic phase of illness. Viral loads of up to 10'° genome copies
per milliliter detected by quantitative RT-PCR were found in the
blood of patients with a fatal outcome (Duh et al., 2007). Due to
these high titers, contact with the blood of CCHF patients poses a
particular risk of infection. Especially patients with bleeding in
the lungs, nose, mouth, gums, vagina and at injection sites spread
virus into the environment and need to be handled carefully (Athar
et al., 2005). Unprotected contact with other body fluids like saliva
or urine may also cause a risk to humans (Bodur et al., 2010). A
transmission of the virus from one patient to another by sharing
the same room was also reported (Gurbuz et al., 2009).

The infection risk can be reduced by using adequate personal
protection measures, so that the rate of CCHFV infections in health
care workers (HCWs) is equal to that in the general population
(Ergonul et al., 2007). Among the large number of CCHF patients
in Turkey between 2004 and 2007, only 0.4% (6/1670) were HCWs.
The prevalence of CCHFV-specific antibodies in HCWs working in
endemic areas of Turkey is also low with 2% (3/150) investigated
by ELISA (BDSL, Scotland, UK) (Tekin et al., 2010; Yilmaz et al,,
2009). In addition, contact transmission in general seems not to
be particularly efficient in causing disease. During an outbreak in
Turkey 22.8% of the CCHF patients’ relatives or friends were found
to be positive for CCHFV-specific IgG antibodies by ELISA (BDSL,
Scotland, UK). Though it was assumed that these antibodies were
elicited by contact exposure to the patients, it cannot be excluded
that CCHFV-specific antibodies were already pre-existing. Nobody
in this group developed clinical symptoms (Tekin et al., 2010). This
is supported by another publication from Pakistan, where all fam-
ily members of a patient came into contact with the blood of a pa-
tient, but none of them developed clinical symptoms, and by the
low number of secondary cases and the absence of tertiary cases
during this outbreak (Altaf et al., 1998; Papa et al., 2007).

Overall, most nosocomial infections have been the result of
dealing with CCHF patients without adequate protection measures,
through subcutaneous infection by needle injuries, accidents dur-
ing surgery, or from handling blood and other body fluids without
gloves, while having unrecognized skin damage (Altaf et al., 1998;
Aradaib et al., 2010; Ergonul et al., 2007). However, detailed case-
control studies are needed to verify this assumption. Comparing
the relatively low numbers of infections by direct human-to-hu-
man transmission, infections following tick bites are much more
common in endemic areas. In a study in South Africa, the mean
incubation time after blood or tissue contact was 5.6 days, whereas
the mean incubation time after a tick bite was 3.2 days (Swanepoel
et al., 1987). Further investigations of the transmission doses and
routes and their implication for developing CCHF are necessary
in order to make a statement regarding the risk of infection.

3.2. Groups at risk and human behavior

Only a relatively small group of persons within a population
have an increased occupational risk of acquiring CCHF: shepherds,
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farmers, veterinarians, slaughterhouse workers, soldiers and
HCWs. Another group at risk are relatives and friends of patients
before their hospitalization and isolation. In endemic areas all per-
sons living in a rural environment or travelling from cities to the
countryside (especially campers and soldiers) are at risk of infec-
tion. In respect to the large number of patients (68.9%) reporting
a tick bite as a possible cause of infection in Turkey, human behav-
ior significantly influences the risk of infection. This includes
crushing of ticks, the handling of highly infested animals as well
as working, hiking or camping in suitable tick habitats. Contact
with viremic animals or human patients poses another risk factor.
In general, skin contact with blood or other body fluids of humans
or animals should be avoided. The meat of animals is considered to
be non-infectious because of the postmortal acidification process.
In any case, cooking meat will effectively destroy the virus (Ergo-
nul, 2006; Sidira et al., 2012; Tekin et al., 2010; Whitehouse,
2004; Yilmaz et al., 2009).

4. Protection
4.1. Protection of the population at large

To protect the public, monitoring programs in ticks and animals
should be implemented to define endemic or high-risk areas and to
detect virus spread at an early stage (Vorou, 2009). The infection
rate in ticks can be used as an indicator for defining the endemic
status of a region (Gunes et al., 2011). If a human CCHF case is diag-
nosed, national authorities should be informed which will notify
the case to the European Centre for Disease Prevention and Control
(ECDC) and the WHO. After notification, the information can be cir-
culated via Early Warning and Response System (EWRS) and
ProMed. Surveillance studies should be initiated in the outbreak
areas or countries within the human population to reduce the risk
of new infections. Information on tick bites and associated compli-
cations in residents should be collected (Papa et al., 2008; Vorou,
2009; Yilmaz et al., 2008).

The number of people involved in an outbreak is usually low.
The reaction time in terms of inducing public health measures,
the management of contact persons and the prompt isolation of in-
fected individuals (identified by first clinical symptoms and risk
definitions described in Section 5.2) before the onset of hemor-
rhagic manifestations probably has a considerable impact on the to-
tal number of infections (Dunster et al., 2002; Gurbuz et al., 2009;
Papa et al,, 2010; van de Wal et al., 1985).

The application of tick-control products on a broad scale to pro-
tect the public and domestic animals from tick-borne diseases has
to be performed carefully, because through natural selection the
percentage of ticks which are resistant to the majority of chemical

groups of acaricides and insecticides can increase. Therefore, acari-
cides should be used as specified by the manufacturer: they should
kill all ticks on treated animals, and they should be used according
to the rotating principle to avoid resistance. Environmental side-
effects in consequence of their use are possible, and must be taken
into account. Alternative strategies such as anti-tick vaccines,
genetically tick-resistant breeds of livestock, semiochemicals and
the use of biocontrol agents are currently being developed (EFSA,
2010). The risk of the introduction of infected ticks by animal trans-
port from endemic to non-endemic regions can be reduced by the
use of repellents on transported animals (Vorou, 2009). Addition-
ally, the spread of Hyalomma ticks and the introduction of CCHFV
into new habitats by wild animals may be reduced by strict control
of the population size, through well-coordinated hunting activities
(Estrada-Pena et al., 2007; Papa et al., 2009; Vorou, 2009).

4.2. Protection of individuals

The first and best means of protection for humans is to avoid
situations with an increased infection risk. Humans should avoid
visiting tick habitats during the active tick season. If this is not pos-
sible, the body and clothing should be inspected for ticks after any
stay outside. In addition, long trousers, sleeves and repellents on
clothes and skin should be used. In case ticks are found they should
be removed as fast as possible (WHO, 2001). Attached ticks should
be grasped with fine-tipped tweezers as close to the skin surface as
possible and pulled upward without twisting. No nail polish or
petroleum jelly, nor heat should be used. After removing the tick,
the bite area and hands should be thoroughly cleaned with alcohol
or soap and water (CDC, 2011). The tick should not be crushed after
its removal.

People with an increased risk of infection due to contact with
blood or other body fluids of potentially infected animals should
wear gloves to avoided a percutaneous exposure (Ergonul et al.,
2007). In general, the use of gloves while handling livestock is rec-
ommended in endemic areas. In order to protect abattoir workers,
tick repellents should be applied to animals originating from ende-
mic areas two weeks before slaughtering to keep them free of ticks
(Swanepoel et al., 1998).

4.3. Case management

Potentially CCHFV-infected patients should be isolated and
treated in separate rooms (Fig. 2) (Bannister, 2010; Wirtz et al.,
2002). After isolation, the hospital and laboratory staff should
immediately be informed and educated with respect to barrier
nursing techniques and precautions (e.g. use of gloves, masks,
gowns and face-shields or goggles with side shields) (Ergonul

Fig. 2. Hemorrhagic manifestations in CCHF patients. A high variability can be observed, ranging from petechia hemorrhages (A), to large hematomas (B). The pictures have
been kindly provided by Prof. Hurrem Bodur, Ankara Numune Education and Research Hospital, Turkey.
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Table 2
Classification of risks by the contact with CCHF patients and the corresponding measures. Data and table modified from (Bannister, 2010; Wirtz et al., 2002).
Kind of contact Risk Measures for people with contact
category
Casual contact, such as staying in the same room or public transport, receptionists Low e Measurement of body temperature until day 14

Close contact such as nursing of the patient before hospitalization
Protected people (gloves, mask) taking blood and other samples
Person with longer close contact to the ill patient e.g. during flights

Unprotected contact with blood or other body fluids of a patient
Unprotected contact with a patient with bleeding and/or coughing

not-intact skin of HCWs
Mucosal exposure to blood or other body fluids

Caring medical staff, if full-protective overalls and breathing masks were used

Percutaneous contact to blood or other body fluids, including needle injuries, or contact with High

after the last contact

Moderate e Measurement of body temperature until day 14
after the last contact
e Prohibition of work such as teaching, patient
treatment, homes for the elderly
Increased e Measurement of body temperature until day 14

after the last contact

Prohibition of work

Separation at home

Observation of blood parameters

Daily diagnostic

Measurement of body temperature until day 14
after the last contact

Prohibition of work

Isolation in hospital

Observation of blood parameters

Daily diagnostic

(Postexposure treatment with ribavirin)

et al.,, 2007; van de Wal et al., 1985). In the next step, the reference
laboratory should be contacted to confirm a possible CCHFV infec-
tion by specific diagnostic assays. Infection specialists and epidem-
iologists should be contacted to obtain detailed epidemiological
information. A risk assessment should be accomplished, and the
respective officials should be informed to forward a report to the
WHO. If necessary, the transfer of the patient to a specialist unit
should be organized. Last but not least, the hospital management
should be aware that the HCWs might be extremely concerned
about the risk to their own health. Therefore, a well-organized
information and education management is indispensible, and sup-
portive assistance by psychologists is recommended (Bannister,
2010; Papa et al.,, 2010; Yilmaz et al., 2009).

Only patient specimens that are essential for diagnosis and
monitoring should be collected and handled by experienced staff
with care to avoid self-inoculation and to reduce the high amount
of accidents in hospitals. Similarly, glass containers should be
avoided; disposable sharp objects should be disposed of in appro-
priate containers for sharp materials immediately after use, and
used needles should not be broken, recapped or removed from dis-
posable syringes (ENIVD, 2001). The rooms of patients should be
disinfected, and all potentially infectious materials should be
autoclaved.

HCWs caring for CCHF patients should be regularly monitored,
and those with possible exposure to the virus should be followed
up for at least 14 days by complete blood counts and diagnostic
tests (Ergonul, 2006; van de Wal et al., 1985; van Eeden et al.,
1985). For effective treatment, and for deciding upon adequate
measures, a categorization of people with contact with patients
into different risk groups has been proven practicable (Bannister,
2010; Wirtz et al., 2002). The differentiation of the contacts varies
from low-risk contacts, such as staying in the same room, to high-
risk contacts, caused for example by needle injuries. A classifica-
tion of risk categories and a list of corresponding suitable measures
are given in Table 2. In case clinical signs are seen, the above-men-
tioned procedure should start from the beginning with the isola-
tion of the patient.

5. Diagnosis of CCHF
5.1. Availability of diagnostic tools

There are a few IgG and IgM ELISAs, as well as IFA slides com-
mercially available for the detection of CCHFV-specific human

antibodies (Table 3). Additionally, there is one antigen-capture ELI-
SA on the market. Unfortunately, some of these assays are difficult
to order or not offered to international customers. In addition to
these commercial assays, several in-house ELISAs, as well as IFA
tests have been published for testing human sera. Unfortunately,
most of these assays are only sparsely documented in the literature
and comprehensible data on the diagnostic sensitivity and specific-
ity are rarely available. An exception are five ELISAs and three IFAs
which have been validated (Emmerich et al., 2010; Mourya et al.,
2012; Qing et al., 2003; Saijo et al., 2002a,b). So far, only one study
has compared the available tests with each other (Vanhomwegen
et al.,, 2012). The lack of human CCHF sera in acceptable numbers
and the absence of a generally agreed ‘gold standard’ test pose
the greatest difficulty for test development and validation.

For virus detection, several quantitative RT-PCRs (Drosten et al.,
2002; Duh et al., 2006; Midilli et al., 2009; Papa et al., 2007; Wolfel
et al., 2007) have been published. In 2008, twenty European labo-
ratories were capable of performing CCHFV diagnostics, and some
of them had the BSL4 infrastructure that allowed virus isolation
(Maltezou et al., 2010).

There are only few assays available for the detection of CCHFV-
specific antibodies in animals (Table 3). This is unfortunate, be-
cause the presence of such antibodies in animals could be used
as an indicator for the circulation of the virus in an area.

5.2. Diagnosis of human cases

The first indications to assume the occurrence of a CCHFV infec-
tion are common clinical findings such as fatigue, high fever, myal-
gia, headache and loss of appetite, in combination with a history of
a tick bite, contact with blood or body fluids of ruminants in a risk
area, or direct contact with a CCHF patient. Typical laboratory find-
ings in CCHF patients are thrombocytopenia, leukopenia and in-
creased levels of transaminases. Patients are defined as CCHF
cases when virus RNA is confirmed in the blood or body fluids by
quantitative RT-PCR, or when CCHFV-specific IgM or IgG antibodies
are detected by immunological assays like IFA or ELISA. Since the
elicitation of neutralizing antibodies by a CCHFV infection is weak,
diagnosis by neutralization assay is less sensitive than ELISA (Burt
et al., 1994, Yilmaz et al., 2009).

In general, virus can be detected for up to two weeks after the
first clinical symptoms occur. An IgM antibody response is detect-
able from the fourth day after the onset of disease for up to four
months. IgG antibodies can be found from day six after the incuba-
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Table 3

255

Assays for the detection of CCHFV-specific IgM or IgG, or for the detection of viral antigen. IFA: immunofluorescence assay. ELISA: enzyme-linked immunosorbent assay.

Developer of the assay

Studies that have used the assay (examples)

Assay Target species
Commercial assays IgM ELISA Human
IgG ELISA
IgM IFA
IgG IFA
Antigen capture ELISA Virus
In-house assays IgM ELISA Human
IgG ELISA Human
IgM IFA Human
IgG IFA
IgG Western-Blot assay Human
IgM ELISA Sheep, cattle
IgG ELISA Sheep
Cattle
Animals

Competitive ELISA Species independent
Antigen capture ELISA Virus

BDSL, Dreghorn, Scotland

Vector-Best, Novosibirsk, Russia
Vector-Best, Novosibirsk, Russia

Euroimmun, Luebeck, Germany
Euroimmun, Luebeck, Germany

Vector-Best, Novosibirsk, Russia

(Mourya et al., 2012)
(Garcia et al., 2006)
(Dowall et al., 2012)
(Emmerich et al., 2010)
(Tang et al., 2003)
(Burt et al., 1994)
(Dowall et al., 2012)
(Garcia et al., 2006)
(Burt et al., 1994)
(Emmerich et al., 2010)
(Samudzi et al., 2012)
(Saijo et al., 2002a)
USAMRIID, Fort Detrick, USA
(Burt et al., 1994)
(Saijo et al., 2002b)
(Burt et al., 1994)

(Xia et al., 2011)

(Xia et al., 2011)

(Burt et al., 1993)
(Burt et al., 1993)
(Qing et al., 2003)
(Garcia et al., 2006)
(Garcia et al., 2006)
CDC, Atlanta, USA
USAMRIID, Fort Detrick, USA
(Burt et al., 1993)
(Burt et al., 1993)
(Saijo et al., 2005)

(Mourya et al., 2012)
(Bodur et al., 2012; Gunes et al., 2009;
Mustafa et al., 2011; Sidira et al., 2012)

(Gunes et al., 2011)
(Mourya et al., 2012)
(Garcia et al., 2006)
(Dowall et al., 2012)

(Burt et al., 1994)
(Dowall et al., 2012)
(Garcia et al., 2006)
(Burt et al., 1994)

(Tang et al., 2003)
(Mustafa et al., 2011)
(Burt et al., 1994)

(Burt et al., 1994)
(Xia et al., 2011)
(Xia et al., 2011)
(Burt et al., 1993)
(Burt et al., 1993)

(Garcia et al., 2006)
(Garcia et al., 2006)
(Mourya et al., 2012)
(Mustafa et al., 2011)
(Burt et al., 1993)
(Burt et al., 1993)

tion period up to five years. It is, however, necessary to consider
that there is a considerable variation in the immune response
and viral load among CCHF patients. Several predictors for lethality
are being discussed. A viral load of over 108 RNA copy numbers per
milliliter can often be found in patients with fatal outcome, but
there is no clear correlation between antibody response and clini-
cal signs (Cevik et al., 2007; Duh et al., 2007; Kubar et al., 2011).

The capacity of immunological assays is limited so that the
diagnosis of cases with a weak or absent antibody response is ham-
pered. In this case the detection of virus by molecular methods,
such as RT-PCR, is recommended. Nevertheless, RT-PCR also has
its limitations as a diagnostic tool due to a reduced sensitivity be-
cause of strain variations and because the virus can only be de-
tected during the viremic phase. The patient needs to be
transferred to a hospital within the first days after the onset of dis-
ease to obtain RT-PCR positive results (Duh et al., 2006). It is there-
fore recommended to perform RT-PCR in combination with
immunological assays for the diagnosis of CCHFV infection (Dros-
ten et al., 2003). Virus isolation can be achieved using LLC-MK2,
Vero, BHK-21 and SW-13 cells. As the cytopathic effect of CCHFV
in cells can be slight or absent, application of specific monoclonal
antibodies for IFA testing may be indicated, as reviewed by White-
house (2004).

6. Treatment and vaccination

Patients should be monitored closely, in terms of clinical
parameters, and the blood indices should be analyzed regularly
to allow adjusting the treatment. In general, treatment of CCHF is
limited to supportive measures. In case of extensive blood loss

transfusions and injections of blood substitutes and aminocaproic
acid are indicated. To support the hematological treatment fresh
frozen plasma, thrombocyte solutions and erythrocyte prepara-
tions can be given. In addition, respiratory support may be re-
quired (Keshtkar-Jahromi et al., 2011; Leblebicioglu et al., 2012;
Vorou, 2009).

The efficacy of ribavirin in antiviral treatment remains contro-
versial. Ribavirin has been shown to inhibit the replication of
CCHFV in cell culture, in newborn mice and in IFN-KO mice, pro-
viding a rationale for its use in humans (Tignor and Hanham,
1993; Watts et al., 1989; WHO, 2008, 2011). However, in affected
humans its antiviral potency has only been shown in observational
studies, as extensively reviewed by Keshtkar-Jahromi et al. (2011).
Some studies suggest that its use in the early phase of the infection,
during the replication of the virus, supports the convalescence of
patients (Tasdelen Fisgin et al., 2009, 2010; Tignor and Hanham,
1993). However, amelioration or a positive effect on the course
of the acute clinical disease and viremia seem to be low (Bodur
et al,, 2011), and the treatment of persons with ribavirin has to
be performed in consideration of possible side-effects (Duygu
et al,, 2012).

In a recent study, the application of hyperimmune globulin ap-
peared to reduce the time of viremia and to increase the survival
rate in patients, but it unfortunately did not include a negative
control group (Kubar et al., 2011). However, the results could be
compared with those of a previous study in the same hospital.
After application of immunoglobulin, CCHFV-specific RNA could
be detected only in one case (1/26) lasting for more than one week
after the onset of clinical symptoms, and only 14% (1/7) of the pa-
tients with a viral load of over 10° RNA copy numbers per milliliter
died. This was an improvement, since virus RNA can generally be
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detected for up to two weeks, and in comparison to the previous
study where 80% (8/10) of the patients with a similar viral load
died (Cevik et al., 2007; Kubar et al., 2011). In general, the benefits
of an anti-CCHFV immunoglobulin therapy or the application of
CCHFV-specific monoclonal antibodies has to be evaluated further
by clinical trials (Keshtkar-Jahromi et al., 2011).

Since 1974, a vaccine has been used to protect military person-
nel, medical and agricultural workers against CCHFV infections in
endemic areas of Bulgaria (Papa et al., 2004). The initiation of the
vaccination program resulted in a decrease of CCHF cases in the
following years. Because of the lack of epidemiological data of
the neighboring countries, it cannot be excluded that other factors
may also have had an impact on the decreased numbers of human
cases. A change in the behavior of people, for example, could have
led to a reduced exposure to ticks, or the reporting of cases may
have changed. Before its use in Bulgaria, the vaccine was developed
and used in the Soviet Union. It is based on brain tissue of CCHFV-
infected mice inactivated by chloroform and heat (Papa et al.,
2011a). It is the only vaccine available, and is currently produced
by Bul Bio - National Center of Infectious and Parasitic Diseases
Ltd.

CCHFV vaccines based on inactivated viruses must be produced
in maximum bio-containment facilities, which are not easily avail-
able. The development of modern vaccines, e.g. virus-like particle-
based vaccines or DNA vaccines, is hampered by the lack of ade-
quate animal models for efficiency testing, as reviewed by Kesht-
kar-Jahromi et al. (2011). Until now, only two mouse models
have been tested, and further investigations are needed (Bente
et al., 2010; Bereczky et al., 2010). Despite rising annual numbers
of diagnosed cases, the development of a vaccine for humans does
not promise enough profit for the industry at present. As an alter-
native approach the use of vaccines for domestic animals could be
considered, as animal vaccines can be developed more easily, and
may therewith minimize human case numbers.

7. Public health risk perception

Risk perception has to be regarded and evaluated separately for
different groups, e.g. the European Commission, countries with and
without endemic areas, the national ministries, the public health
institutions, the health care systems, and the public. It becomes
clear that health education and information on prevention and
behavioral measures have a high priority to enhance the public risk
perception. Risk perception of the public in turn has a high poten-
tial to decrease the probability of infections and to influence the
effectiveness of public health interventions positively. In this re-
spect, integration and mutual exchange of information between
all actors concerned, i.e. public health institutions, HCWs and the
public, is crucial to ensure a fast and efficient risk communication.
In Turkey for example, where CCHF cases are regularly reported the
public awareness is high, and public health activities and risk mit-
igation measures are closely intertwined. However, CCHF has not
yet been acknowledged as a serious threat for the public in all
countries affected.

CCHFV is an important topic for the European community. The
EU commission is therefore funding several EU projects within the
seventh framework program, i.e. ARBO-ZOONET, CCH Fever, EDE-
Next and ENIVD. The frequency of human-tick contacts is particu-
larly high in areas where the tick population can grow. If CCHFV
prevalence increases in ticks, then human cases can be expected
(Kunchev and Kojouharova, 2008). The possibility that the virus
can be spread by tick-infested birds and livestock animals has to
be taken into account. However, the awareness of the disease in
countries not affected so far, but that share a common border with
countries where CCHFV is endemic, tends to be low (Vorou, 2009).

This was seen in Greece in 2008 when the first case of CCHF was
diagnosed only after the death of a patient, although, in the same
year, human CCHF cases were reported from Turkey and Bulgaria,
near the border to Greece (Kunchev and Kojouharova, 2008; Papa
et al., 2010). Farmers in non-endemic regions should be aware of
the risk of infection when working with animals from endemic
or outbreak areas, especially when these animals are highly in-
fested by ticks (Vorou, 2009).

In general, there is a lack of data of the risk awareness of the
public. The results of a risk perception study performed with visi-
tors to health centers in Ankara, Turkey, in 2006 showed that 87%
of the participants had heard of the disease (Cilingiroglu et al.,
2010). Around 90% of them remembered that ticks transmit the
disease, 60% were aware that direct contact with blood of a patient
could lead to an infection, and 72% knew that contact with blood of
infected animals represented a risk factor. More than half of them
(65%) knew that protection measures exist, and nearly 83% could
list the most common symptoms. It can therefore be concluded
that the awareness of the disease in countries with a good educa-
tion program seems to be relatively high. Nevertheless, further
studies about risk perception in endemic areas and surrounding
countries should be performed.

8. Public health management
8.1. Management and communication

The distribution of CCHFV in southeastern Europe and the risk
of virus spread is a challenge for the European community. In gen-
eral, for evaluation of the situation regarding any vector-transmit-
ted pathogen and for the decision if additional measures should be
implemented, a systematic approach for the analysis, assessment
and governance of emerging health risks should be followed
(Schmidt et al., 2013). It is the task for decision makers, public
health authorities and also for scientists to protect the population,
to prevent virus spread and the establishment of new endemic
areas. For this purpose, protocols and strategies should be harmo-
nized and standardized on a regional, as well as national and inter-
national (e.g. European) level (Ahmed et al., 2009; Vorou, 2009). In
this context, the authors suggest the following strategies for the
management and control of CCHFV: The first step is the classifica-
tion of countries and/or regions into risk zones. The classification
ranges from areas with no risk of introduction of CCHFV and no
infection risk for the population, e.g. Germany (zone 0; Fig. 3) to
endemic areas with a permanent risk for humans, e.g. regions To-
kat and Sivas in Turkey (zone 4; Fig. 3). A region is defined as an
endemic area, if human cases have been reported, or if the virus
has been detected in animals or ticks for at least two consecutive
years.

The second step is the implementation of strategies and mea-
sures to characterize and to handle the risk. These steps become
more salient when the risk zone classification is higher, and are
of particular importance for risk zone 4 (endemic areas). The sug-
gested strategy can be used as a guideline by countries for imple-
menting the measures according to the respective level. The
implementation of measures starts from level 0. On this level,
two kinds of countries can be found: those in which no measures
are necessary, because they belong to risk zone 0, or countries
where no management measures are organized, although there is
arisk of CCHFV infections (Fig. 4). When the measures from all pre-
vious levels have been implemented, the highest level (level 5) in-
cludes the last measures in trying to control CCHFV.

To detect the spread of CCHFV into new countries, and to recog-
nize outbreaks from their beginning, international standardized
surveillance programs for infections in humans, domestic animals
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Zone | Country Definition

Measures

-> Hyalomma population exist

—> animal transports from endemic areas

- level 1,2,3 (level 2 regular)

-> no animal transport from endemic areas

- suitable habitat for Hyalomma ticks

- level 1,2 (level 2 sporadic)

Fig. 3. Guidelines for the classification of risk zones (0-4). The table indicates characteristics that affect the risk of CCHFV circulation in a particular country, based on which
countries can be classified into different risk zones. The management measures (level 0-5) listed in Fig. 4 refer to these risk zones. Sporadic, regular and annual signifies how

often the measures should be implemented.

_>

Management and control

Protection and prevention

Level v' CCHF notifiable disease /
v Information of health care
3 workers and public about risk
Information

Level | v Surveillance in animals,

2 humans and ticks

- o
’ Identification of risk

Fig. 4. Levels of measures for the management of CCHFV. The figure provides guidance to select appropriate management measures according to risk zone (Fig. 3) and to
indicate the implementation of additional measures. The measures are built on one another, beginning with risk identification and proceeding to the control of the risk posed

by CCHEV.

and ticks should be implemented in endemic and in non-affected
countries bordering with endemic areas (zone 3, 4; Fig. 3). The
application of repellents on livestock animals in endemic areas re-
duces the population of ticks and therewith decreases the risk of
introducing ticks into non-endemic areas by animal transport (le-
vel 5; Fig. 4). In addition, use of repellents on animals two weeks
before slaughtering can considerably reduce the risk for abattoir
workers to become infected through exposure to ticks or contact
with blood of viremic animals (Swanepoel et al., 1998).

The guidelines for the classification (Fig. 3) and the manage-
ment levels (Fig. 4) can generally be adapted to other tick-borne
diseases, such as tick-borne encephalitis or Lyme borreliosis. Here,
the main vectors are Ixodes ticks, and the main characteristic for

the classification into risk levels focuses on the habitat, rather than
on animal transport. For the management of these diseases it is
more important to educate HCWs in the diagnosis than to imple-
ment personal protection and barrier nursing (level 4). In the case
of TBEV, vaccination programs can be implemented. Since mainly
small wild mammals are involved in the infection cycle, the use
of repellents on livestock has a negligible effect (Charrel et al.,
2004; Heyman et al., 2010; Hubalek and Rudolf, 2012; Kallio-Kok-
ko et al., 2005).

In order to develop accurate risk maps and forecasting models a
joint database for tick-borne diseases and their occurrence, includ-
ing surveillance data and studies on ticks, should be built up. Train-
ing courses and information brochures that aim at outbreak
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response, surveillance strategies and the notification system
should be organized on an European level for public health author-
ities. Information about best practice to avoid tick bites, and pro-
tection measures to reduce the risk of infection should be
distributed to the public and among HCWs, not only in countries
with endemic areas but also in neighboring countries and those
importing animals from risk areas (Vorou, 2009). A good education
program is exceptionally important in preventing an outbreak. In
case of CCHF, human-to-human transmissions can be prevented
by immediate hospitalization and isolation of patients before the
onset of hemorrhagic manifestations (Papa et al., 2010). Moreover,
regular training courses for HCWs will keep the delay of healthcare
referrals and initial misdiagnoses to a minimum, and therewith re-
duce the lethality rate (Tasdelen Fisgin et al., 2010). Therefore, it is
essential to inform HCWs and the public about the first indications
of CCHFV infections.

Well-coordinated communication of first or new cases is of
imminent importance for preventing further infections. In order
to achieve this, some rules in regard to risk communication should
be considered (WHO, 2005). An efficient outbreak management is
based on trust between the technical staff, policy makers and com-
municators, but also on trust between the public and the outbreak
management, and the trust of managers in the ability of the public
to tolerate worrying news. A convenient starting point for estab-
lishing trust is transparency and the integration of the different
groups in the information and management process. Transparency
has the largest impact on trust to demonstrate that competent
decisions are being made. An early announcement is the best
way to prevent rumors or misinformation. Before initial or new
cases are announced to the public, all partners involved in the risk
management should be informed by well-established communica-
tion channels. Because the first announcement is usually based on
incomplete information, it is essential to communicate new knowl-
edge and findings to the public. The way of communication, in par-
ticular the announcements, should take the knowledge and the
opinion of the public about the specific risk into account. Rumors
or incorrect information should not be ignored, but corrected by
well-prepared announcements. The communication should in-
clude information about protection measures to give the public a
sense of control over their own safety (Bannister, 2010).

8.2. Information material and communication channels

In some countries, the public, practitioners and veterinarians
become informed about CCHF, protection measures and adequate
behavior in case of an emergency only (Kunchev and Kojouharova,
2008). After the first human case in Greece, the Hellenic Centre for
Disease Control and Prevention (HCDCP) sent guidelines for the
management of suspected CCHF cases and infection control mea-
sures to all hospitals in northern Greece (Papa et al., 2008). Resi-
dents of the area where the infections occurred were informed
about tick bite prevention measures, and HCWs received guide-
lines for the proper removal of ticks.

In Turkey in 2004, following the advice of a scientific advisory
commission, the Ministries of Health and the ministry of Agricul-
ture and Rural Affairs initiated a nationwide surveillance and con-
trol program, including educational measures, on the risk of CCHF
transmission, tick removal, general protection measures and on the
early detection of cases. In addition, brochures, posters and TV
spots for public and health care workers were produced (Yilmaz
et al., 2008). In endemic areas, door-to-door educational programs
were implemented concerning safe tick removal, the exposure risk
through body fluids and blood of livestock animals, and the use of
tick repellents. In general, media such as television play a key role
in educating the public, as most people acquire their knowledge
about CCHF from TV (Cilingiroglu et al., 2010).

9. Conclusion

Addressing its potential impact on public health, this review
summarizes the current understanding of CCHFV to provide a
broad basis for the risk assessment and the development of pre-
vention strategies. In respect to the wide distribution of CCHFV,
the broad host range of its vectors, the good adaptation of the virus
to the vector population together with its potential to be transmit-
ted from human to human (e.g. by nosocomial infections), the high
lethality rate, and the limited therapeutic interventions make
CCHFV a significant public health threat in southeastern Europe.

It should be mentioned that, due to the lack of knowledge con-
cerning the epidemiology of CCHF, it cannot be excluded that the
virus had been circulating in many countries of southeastern Eur-
ope, Africa and Asia a long time before it was detected for the first
time. This leads to speculations that the detection of virus in new
areas may rather be a result of the increased attention than virus
introduction. Nevertheless, considering the distribution of ticks
and the ecologic and climatic changes in Europe, there is some
probability that CCHFV can spread over a much larger area than
its current geographical range (Estrada-Pena et al., 2012d; Malte-
zou et al., 2010).

By summarizing aspects of CCHFV relevant to public health, this
review highlights the need for further studies and points out gaps
in current knowledge. It underlines the importance to strengthen
public health preparedness in general, and to establish or refine
adequate diagnostic tools for systematic human, veterinary, vector
and pathogen surveillance, especially in areas where CCHF is ex-
pected to occur in the future. In order to prevent the introduction
of CCHFV into new areas and to protect the public, this paper pro-
vides guidelines for classifying the risk of each country and/or re-
gion as a basis for managing the risk posed by CCHFV. These
guidelines for the classification and management levels can also
be adapted and applied for other tick-borne diseases. As the aware-
ness of CCHFV as a serious threat to public health has grown, the
first transnational approaches in regard to risk evaluation, diagnos-
tics and surveillance studies have been initiated. More interna-
tional exchanges about this important public health issue are
certainly needed in future.
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