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A B S T R A C T

Crimean-Congo hemorrhagic fever (CCHF), caused by Crimean-Congo hemorrhagic fever virus 
(CCHFV), is endemic in Africa, Asia, and Europe. However, CCHF epidemiology and epizootiology have 
been poorly defined in Europe. Here, we summarize the current knowledge of CCHFV distribution in 
(non-Russian) Europe, including countries previously not considered to be at risk. We collected data on 
CCHF cases, human/vertebrate animal anti-CCHFV seroprevalence, CCHFV vector (Hyalomma tick), 
and CCHFV isolation from ticks and classified countries into five risk levels using a One Health 
approach. From 1944 through Feb 2025, more than 2000 recorded CCHF cases were identified in 
Europe, mostly from southern/eastern countries/regions, primarily Bulgaria (at least 1623), Kosovo (at 
least 339), Ukraine (at least 336), Croatia (at least 200), Albania (at least 146), and Republic of Moldova 
(at least 60). Albania, Bulgaria, Greece, Kosovo, and Spain were categorized as level 1 (reported CCHF 
cases, presence of robust surveillance systems). North Macedonia, Portugal, and Ukraine/Crimea were 
assigned to level 2 (reported CCHF cases in the absence of robust established surveillance). Bosnia and 
Herzegovina, Croatia, France, Hungary, Italy, Montenegro, Republic of Moldova, Romania, and 
Slovenia were assigned to level 3 due to evidence of CCHFV circulation in absence of recent CCHF cases. 
Thirty-four countries were assigned to level 4 (presence of Hyalomma ticks) or level 5 (no data). This 
work provides information on CCHFV distribution and burden with list of at-risk areas to inform in
ternational and local public health agencies to establish or strengthen surveillance systems.
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INTRODUCTION

Crimean-Congo hemorrhagic fever (CCHF) (ICD-11: 1D49; World 
Health Organization, 2022) is an endemic (primarily Hyalomma) 
tick-borne viral disease in Africa, Asia, and Europe (Blair et al., 2019; 
Portillo et al., 2021; Temur et al., 2021; Bernard et al., 2022; Fereidouni 
et al., 2023). The etiologic agent of CCHF is Crimean-Congo hemor
rhagic fever virus (CCHFV), a negarnaviricot bunyaviricete classified in 
hareaviral family Nairoviridae (species Orthonairovirus haemorrhagiae) 
(Kuhn et al., 2024a; Kuhn et al., 2024b). CCHF is designated by the 
World Health Organization (WHO) as a research and development pri
ority disease, i.e., as a disease with greatest public health risk to be 
prioritized for research and development due to its pandemic potential 
and absence of sufficient medical countermeasures (World Health 
Organization, 2020). Likely circulating for many centuries ( نسح , 1391; 
Миндерер, 1825; 付滨 等, 2007; Mozafari et al., 2016), the disease was 
first described after a 1944–1945 outbreak on the Soviet Crimean 
Peninsula (Соколов и др., 1945).

Surveillance and early detection play a crucial role in managing 
CCHF outbreaks. Timely identification and reporting of cases enable 
public health authorities to promptly implement control measures, such 
as isolating and treating infected individuals and conducting tick vector 
control activities (Chinikar et al., 2010; Keshtkar-Jahromi et al., 2013; 
Fereidouni et al., 2023). Effective surveillance systems also help in 
identification of high-risk areas and populations, enabling imple
mentation of targeted interventions (Dreshaj et al., 2016; Fereidouni 
et al., 2023). Regular monitoring of tick populations and viral activity is 
essential in predicting and preventing future outbreaks (Bartolini et al., 
2019; Freitas et al., 2022).

This is the fourth article of a series focusing CCHF epidemiology and 
epizootiology. In the previous articles (Blair et al., 2019; Temur et al., 
2021; Fereidouni et al., 2023), we outlined the distribution and 
expansion of CCHFV in Africa and Asia. Here, through a continuation of 
systematic analysis of literature that is frequently difficult to obtain and 
rarely indexed in common databases (Blair et al., 2019; Temur et al., 
2021; Fereidouni et al., 2023), we extend this work to Europe (excluding 
the Russia Federation, which will be subject of a separate article).

DATABASE SEARCHING AND CRITERIA

We used the United Nations geoscheme (United Nations Statistics 
Division, 2020) for locational classifications: Eastern Europe—Belarus, 
Bulgaria, Czechia, Hungary, Poland, Republic of Moldova, Romania, 
Slovakia, and Ukraine/Crimea; Northern Europe—Denmark, Estonia, 
Faroe Islands, Finland, Guernsey, Iceland, Ireland, Isle of Man, Jersey, 
Latvia, Lithuania, Norway, Svalbard and Jan Mayen Islands, Sweden, 
United Kingdom of Great Britain and Northern Ireland, and Åland 
Islands; Southern Europe—Albania, Andorra, Bosnia and Herzegovina, 
Croatia, Gibraltar, Greece, Holy See (Vatican City), Italy, Kosovo, Malta, 
Montenegro, North Macedonia, Portugal, San Marino, Serbia, Slovenia, 
and Spain; Western Europe—Austria, Belgium, France, Germany, 
Liechtenstein, Luxembourg, Monaco, Netherlands, and Switzerland. 
Considering the Russian Federation's large geographical area and sig
nificant amount of data on CCHFV, the country was excluded here and 
will be evaluated separately. Note that Kosovo is considered part of 
Serbia by the United Nations but that virtually all CCHF cases and 
CCHFV isolation in Serbia were recorded in Kosovo. Hence, Kosovo is 
discussed separately in this article. The United Nations does not have a 
clear policy on Crimea. Data from Crimea will be discussed with Ukraine 
(Ukraine/Crimea) in this article. (The authors do not necessarily endorse 
or agree with the United Nations geoscheme.)

We searched Embase, GIDEON, Google Scholar, ProMED, PubMed, 
Scopus, and Web of Science for publications on CCHFV in Europe (1944 
through Feb 2025). We also searched databases of national societies and 
libraries for related publications within each country. Further informa
tion was also gathered from conference presentations. We used Boolean 

combinations for searching, including “CCHFV”, “CCHF”, “CHF”, “Cri
mean”, “Crimean-Congo”, “Congo-Crimean”, “Congo virus”, “Crimean 
hemorrhagic fever”, “Nairoviridae”, “nairovirus”, and “orthonairovirus” 
or their non-English equivalents, based on each country's name (or 
previous names). We collected data on CCHF cases, human/vertebrate 
animal anti-CCHFV seroprevalence, CCHFV vector distribution, and 
CCHFV isolation from ticks. In regard to ticks, we concentrated on 
documentation of Hyalomma ticks, with a focus on Hyalomma margin
atum Koch, 1844; Hyalomma turanicum Koch, 1844; and Hyalomma 
rufipes Koch, 1844 ticks because of their ability to transmit CCHFV 
transstadially, transovarially, and to vertebrates (Okely et al., 2020). In 
addition, we assessed whether a CCHF surveillance system is established 
within each country.

Our team developed and applied a One Health CCHFV evidence 
classification scheme, as laid out in prior publications, to each country 
(Blair et al., 2019; Temur et al., 2021; Fereidouni et al., 2023). Human, 
vertebrate animal, vector, and virus data were used in combination to 
identify CCHFV circulation. Countries were classified as follows: level 
1—cases have been reported annually on a regular basis via a robust 
established surveillance system; level 2—cases have been reported 
intermittently in the absence of a robust established surveillance system; 
level 3—no recent cases have been reported and no surveillance has 
been conducted, but there is evidence of virus circulation (vertebrate 
animal/human serology or virus isolation from ticks); level 4— no CCHF 
cases have been reported, no surveillance system has been established, 
and there is no evidence of virus circulation, but Hyalomma ticks are 
present; and level 5—no data are available. For this study, we classified 
countries of Europe (excluding the Russian Federation) into the classi
fication system based on the evidence acquired.

IDENTIFIED CCHF CASES AND CCHFV ENDEMIC EVIDENCE IN 
EUROPEAN COUNTRIES/REGIONS

The total identified CCHF cases per country are listed in Table 1; data 
grouped by type for each country can be found in Table 2.

Southern Europe

In Europe, most countries/regions with CCHFV endemicity are in the 
South, primarily Kosovo (at least 339), Croatia (at least 200), and 
Albania (at least 146). The first CCHF case in Southern Europe was 
identified in Kosovo in 1954. Conversely, Greece, Portugal, and Spain 
reported their first CCHF cases within the last two decades (2008, 2024, 
and 2013, respectively). Despite evidence of CCHFV circulation in 
Bosnia and Herzegovina, Italy, Montenegro, and Slovenia, no human 
cases have been reported from these four countries. Considering the 
prevalence of Hyalomma ticks in Southern Europe and new CCHFV 
emergence in recent years, this region is at risk for future outbreaks.

Albania
The first CCHF case in Albania was recorded in 1985 (Eltari et al., 

1987). During the period of 1985–2017, a total of at least 146 cases were 
reported in Albania. The country's CCHF surveillance system was 
strengthened in 2001 after an outbreak in the northern region during 
spring and summer (Papa et al., 2002). During 2002–2006, a total of 24 
CCHF cases were identified, many in the municipality of Kuk€es, which is 
in the northern part of the country. Most cases were reported from 
northern Albania until 2010, when reemergence of CCHFV was observed 
near the southern border with Greece. Kuk€es and Has municipalities, 
two neighboring districts in northeast Albania, have reported outbreaks 
every 3–5 years. Endemic villages are located at an altitude of 600 m 
above sea level with dense forests (Papa et al., 2009). The fact that CCHF 
cases have been reported in several other areas in the country suggests 
that CCHFV is most likely endemic throughout the country (Papa et al., 
2002).
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In Albania, any suspected case is reportable through surveillance 
system within 24 h. On average, three to 10 cases are reported annually 
(Papa et al., 2015). Each case is documented with demographic, clinical, 
and epidemiological data, as well as information about possible contacts 
and risk factors. During outbreak investigations, the case report and 
investigation forms are completed by the outbreak investigation team as 
part of the national database (Papa et al., 2015).

Several studies revealed anti-CCHFV antibodies in vertebrate animals 
sampled in different regions of Albania. For instance, in 2013, eight out of 
154 cattle in the districts of Has, Kavaj€e, and Gjirokast€er (Lugaj et al., 
2014b), six out of 104 cattle in the village of T€erpan (Berat County) and 
the town of Ersek€e (in Korç€e County) (Lugaj et al., 2014a), 40 out of 92 
cattle, goats, and sheep in Ersek€e (Lugaj et al., 2017a), 57 out of 100 sheep 
and goats in the town of Toroviç€e (in Lezh€e County) (Lugaj et al., 2014c), 
and 43 out of 102 sheep in Korç€e County (the city of Pogradec and the 
towns of Buzaisht€e, Ersek€e, Libonik, and Shqitas) and Lezh€e County (the 
settlement of Ishull-Lezh€e and the towns of Kolojak, Sh€engjin, and 
Torovic€e) (Lugaj et al., 2017b) tested positive for CCHFV immunoglobulin 
G (IgG) by enzyme-linked immunosorbent assay (ELISA). Another study 
from 2013 revealed 15 of 337 antibody-positive cattle in 10 regions of 
northeastern, northern, western, eastern, southern, and southwestern in 
Albania (Lugaj et al., 2014d).

H. marginatum ticks, the fundamental CCHFV vectors in Europe, are 
present in northern Albania (Kadriaj et al., 2018b), and Rhipicephalus 
bursa Canestrini and Fanzago, 1878 ticks have been associated with 
virus isolations in southern Albania (Sherifi et al., 2018).

Considering widespread reported CCHF cases, vertebrate animal 
seroprevalence, and tick distribution, large-scale continuous surveil
lance is needed to identify hot spots and understand CCHFV ecology, 
transmission dynamics, potential reservoirs, and vector distribution to 
implement preventive measures in endemic regions and at-risk 
populations.

Croatia
In 1993, The Armed Forces Management Board reported 200 CCHF 

cases in 1988 near Dubrovnik (10 fatalities; case-fatality rate of 5%) 
(Defense Pest Management Information Analysis Center, 1993). 
H. marginatum ticks are present in Croatia (European Centre for Disease 
Prevention and Control, 2021a). However, there are no additional data. 
Thus, the current CCHF status in Croatia is unclear. Establishment of a 
robust surveillance system for CCHF cases, vertebrate animal/human 
seroprevalence studies, and tick sampling for virus isolations is highly 
recommended for risk assessment.

Greece
Despite positive human serological data obtained in 1980 (Anto

niadis and Casals, 1982), the first and only CCHF case was reported in 
2008 in Alexandroupoli, located in north-eastern Greece (Papa et al., 
2008b). At the same time, a cluster of CCHF cases occurred in Bulgaria 
near Alexandroupoli.

There is a wide range of anti-CCHFV antibody seroprevalence in 
Greece. A 1% positive human seroprevalence was measured during 

Table 1 
Minimum of total identified Crimean-Congo hemorrhagic fever cases in (non-Russian) European countries and regions (1944–2024).

Country/region Total confirmed 
cases

Total deaths Year(s) References

Albania 111 + 35* 1 1985, 1986–1990*, 2001, 2003, 
2002–2006, 2003–2006, 
2013–2015, 2017**

(Eltari et al., 1987; Papa et al., 2002; Harxhi et al., 2005; Papa 
et al., 2006; Papa et al., 2007b; Papa et al., 2008a; Zehender et al., 
2013; Biberaj, 2015; Dreshaj et al., 2016; Krasniqi and Bino, 
2016b; Krasniqi and Bino, 2016a; Muco et al., 2018; Ndreu et al., 
2018)

Bulgaria 1623 525 (1953–2013) 1946–2023 (Hoogstraal, 1979; Papa et al., 2004; Christova et al., 2009; 
Christova et al., 2010; Kalvatchev and Christova, 2012; Vescio 
et al., 2012; Christova et al., 2013b; Lumley et al., 2014; Papa 
et al., 2016a; Петрова, 2016; Papa et al., 2018a; Komitova et al., 
2020; European Centre for Disease Prevention and Control, 2021b; 
Kevorkyan et al., 2022; European Centre for Disease Prevention 
and Control, 2023a)

Croatia 200 10 1988 Defense Pest Management Information Analysis Center (1993)
Germany 1*** + 2 0 2009 Conger et al. (2015)
Greece 1 1 2008 (International Society for Infectious Diseases, 2008; Papa et al., 

2010)
North Macedonia 21 3 1970, 1976, 2010, 2023, 2024 (Stamatovi�c et al., 1971; Vesenjak-Hirjan et al., 1991; Defence 

Pest management information analysis center, 1993; Jakimovski 
et al., 2023; Boshevska et al., 2024; Welch et al., 2024; Бошевска и 
др., 2024)

Portugal 1 1 2024 Z�e-Z�e et al. (2024)
Republic of Moldova 60 ? 1946–1947, 1958–1959 Hoogstraal (1979)
Kosovo 339 65 1954–2014, 1954–1967, 1970, 

1995–2014, 2001–2011, 2013–2015, 
2013–2016, 2017–2023 
(personal communication)

(Hoogstraal, 1979; Papa et al., 2015; Sherifi et al., 2018; Ahmeti 
et al., 2019; Korva et al., 2019; Rackow et al., 2019)

Spain 17 4 2013–2024 (Negredo et al., 2017; International Society for Infectious Diseases, 
2020b; International Society for Infectious Diseases, 2020a; 
International Society for Infectious Diseases, 2021; Negredo et al., 
2021a; Negredo et al., 2021b; International Society for Infectious 
Diseases, 2022; Lorenzo Juanes et al., 2023)

Ukraine/Crimea 336 27 1944, 1945–1947, 1949, 1969, 2013, 2015 (Колачев, 1945; Домрачев, 1949; Примаков, 1971; Hoogstraal, 
1979; Куличенко и др., 2016)

United Kingdom of 
Great Britain and 
Northern Ireland

3*** 0 2012, 2014, 2022 (Barr et al., 2013; Public Health England, 2014; UK Health 
Security Agency, 2022)

Total 2746 637 1944–2024 1944–2024

Notes: * Suspected cases. ** Year unclear. *** Imported cases, not included in total case count. CCHF, Crimean-Congo hemorrhagic fever; CCHFV, Crimean-Congo 
hemorrhagic fever virus.
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Table 2 
Evidence supporting Crimean-Congo hemorrhagic fever virus endemicity in European countries/regions.

Country/region CCHF cases reported (year) Human serology year (positive %) Nonhuman vertebrate serology 
year (positive %)

Hyalomma ticks CCHFV isolation or detection in 
ticks (year)

Risk level

Albania 1985 (Eltari et al., 1987), 
1986–1990* (Dreshaj et al., 
2016), 2001 (Papa et al., 2002; 
Harxhi et al., 2005; Zehender 
et al., 2013), 2003–2010 (Papa 
et al., 2007b; Papa et al., 2008a; 
Zehender et al., 2013; Biberaj, 
2015), 2013–2015 (Krasniqi and 
Bino, 2016a, 2016b), 2017 (Muco 
et al., 2018; Ndreu et al., 2018)

1985–1989 (ND), (Eltari et al., 
1987, 1993), 2003–2006 (17.6%, 
32.2%) (Papa et al., 2006; Papa 
et al., 2007a)

2003 (20%) (Papa et al., 2009), 
2010–2014 (4%, 5.5%, 57%, 
4.4%,23%, 43.4%, 42.1%, 67.1%) 
(Lugaj et al., 2014a; Lugaj et al., 
2014b; Lugaj et al., 2014c; Lugaj 
et al., 2014d; Schuster et al., 
2016; Lugaj et al., 2017a; Lugaj 
et al., 2017b; Kadriaj et al., 
2018a)

Yes (Eltari et al., 1987; Papa et al., 
2017b; Kadriaj et al., 2018b; 
Sherifi et al., 2018)

2007–2015 (Papa et al., 2017b; 
Sherifi et al., 2018)

1

Andorra ND ND ND ND ND 5
Austria ND ND ND Yes (Duscher et al., 2018, 2022) ND 4
Belarus ND ND ND ND ND 5
Belgium ND ND ND Yes (European Centre for Disease 

Prevention and Control, 2023b)
ND 4

Bosnia and Herzegovina ND ND 2018–2019 (14.9%, 9.65%) 
(Goletic et al., 2022; Satrovic 
et al., 2022), 2021 (14.9%) 
(Goletic et al., 2022)

Yes (Omeragic, 2011; Goletic 
et al., 2022; Omeragi�c et al., 
2022; European Centre for 
Disease Prevention and control, 
2023b)

2019 (Goletic et al., 2022), 2021 
(Goletic et al., 2022)

3

Bulgaria 1946–2021 (Неклюдов 1952; 
Миронов, 1953; Митов, 1953; 
Неклюдов and Бохосян, 1954; 
Василенко и др., 1971; Василенко 
и др., 1972a; Vasilenko, 1973; 
Hoogstraal, 1979; Монев, 1994; 
Papa et al., 2004; Christova et al., 
2009; Комитова и др., 2010; 
Kalvatchev and Christova, 2012; 
Vescio et al., 2012; Christova 
et al., 2013b; Единакова и др., 
2013; Lumley et al., 2014; 
Дойчева и др., 2014; Papa et al., 
2016a; Панайотова 2016; 
Петрова, 2016; Papa et al., 2018a; 
Komitova et al., 2020; European 
Centre for Disease Prevention and 
control, 2021b; Kevorkyan et al., 
2022; European Centre for 
Disease Prevention and control, 
2023a), 2022–2023 (personal 
communications)

1954–1972 (30.7%, 10.4%, 10%, 
5.1%, 5.9%, 65.7%) (Василенко и 
др., 1968; Василенко, 1971; 
Василенко и др., 1971; Василенко 
и др., 1972b; Vasilenko, 1973; 
Hoogstraal, 1979), 2008–2012 
(2.7%, 2.4%, 3.1%) 
(Christova et al., 2013a; Christova 
et al., 2013b; Gergova and 
Kamarinchev, 2014), 2014–2015 
(3.4%, 3.6%) (Панайотова 2016; 
Christova et al., 2017a)

1968–1972 (50%, 36.4%, 11.4%, 
29.2%) (Василенко и др., 1968; 
Василенко, 1971; Василенко и др., 
1971; Vasilenko, 1973), 1974 
(85.7%) (Mertens et al., 2016), 
2006–2014 (7.8%, 71.9%, 26%) 
(Gergova and Kamarinchev, 2013; 
Barthel et al., 2014; Mertens et al., 
2016), 2014–2015 (17.8%, 
18.3%) (Панайотова 2016; 
Christova et al., 2018), 2017** 
(71.9%) (Christova et al., 2017b), 
2022** (23.3%) 
(Belij-Rammerstorfer et al., 2022)

Yes (Дренски, 1960; 
Тодоров1966; Чумаков и др., 
1968; Леви, 1972; Леви and 
Василенко, 1972; Георгиева и др., 
1990; Панайотова and Христова, 
2015; Панайотова, 2016)

1968–1972 (Василенко и др., 
1971; Vasilenko, 1973; 
Hoogstraal, 1979), 1990** 
(Kamarinchev et al., 1991), 
2006–2010 (Gergova et al., 2012; 
Gergova and Kamarinchev, 2013), 
2010–2014 (Панайотова and 
Христова, 2015; Panayotova 
et al., 2016; Hua et al., 2020), 
2017** (Christova et al., 2017b),

1

Croatia 1988 (Defense Pest Management 
Information Analysis Center, 
1993)

ND ND Yes (Vesenjak et al., 1975; 
Kr�cmar, 2012; Kr�cmar et al., 
2022)

ND 3

Czechia ND ND ND Yes (Hub�alek et al., 2020; 
Lesiczka et al., 2022; European 
Centre for Disease Prevention and 
control, 2023b)

ND 4

Denmark ND ND ND ND ND 5
Estonia ND ND ND ND ND 5
Faroe Islands ND ND ND ND ND 5
Finland ND ND ND Yes (Nuorteva and Hoogstraal, 

1963; Hoogstraal, 1979; 
ND 4

(continued on next page)
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Table 2 (continued )

Country/region CCHF cases reported (year) Human serology year (positive %) Nonhuman vertebrate serology 
year (positive %) 

Hyalomma ticks CCHFV isolation or detection in 
ticks (year) 

Risk level

European Centre for Disease 
Prevention and control, 2023b)

France ND 2022–2023 (0.1%) (Welch et al., 
2024)

2008–2023 (9.1%, 2.3%, 2%) 
(Grech-Angelini et al., 2020; 
Welch et al., 2024; Bernard et al., 
2025)

Yes (Rageau, 1972; Macaigne and 
Perez-Eid, 1993; Morel, 2003; 
Grech-Angelini et al., 2016a; Vial 
et al., 2016; European Centre for 
Disease Prevention and control, 
2021a; Reynard et al., 2021; Bah 
et al., 2022; Bernard et al., 2022; 
Bernard et al., 2024; Kiwan et al., 
2024)

2022–2024 (Bernard et al., 2024; 
Kiwan et al., 2024)

3

Germany 2009*** (Conger et al., 2015) ND ND Yes (Kampen et al., 2007; Rumer 
et al., 2011; Chitimia-Dobler 
et al., 2016, 2019)

ND 4

Gibraltar ND ND ND ND ND 5
Greece***** 2008 (International Society for 

Infectious Diseases, 2008; Papa 
et al., 2008b; Papa et al., 2010)

1980–1988 (6.1%, 1%) 
(Antoniadis and Casals, 1982; 
Antoniadis et al., 1990), 
2008–2012 (3.1%, 4.2%, 14.4%, 
2.1%, 6%) (Papa et al., 2004; 
Sidira et al., 2012; Papa et al., 
2013; Sidira et al., 2013; Papa 
et al., 2014)

2012–2013 (50%, 5.1%) (Papa 
et al., 2014; Schuster et al., 2017), 
2015 (42.1%) (Papa et al., 2018b)

Yes (Pavlidou et al., 2008; Papa 
et al., 2011a; Hoffman et al., 
2021)

1978 (Antoniadis and Casals, 
1982), 2012–2015 (Papa et al., 
2014; Papa et al., 2018b), 2017** 
(Fern�andez de Mera et al., 2017)

1

Guernsey ND ND ND ND ND 5
Hungary ND 1972–1975 (2.8%) (Horv�ath, 

1976), 2019** (0.3%) 
(Magyar et al., 2021)

1972–1973 (3.4%, 2.8%) 
(Horv�ath, 1974; 
Хорват, 1975), 2008–2009 (6%) 
(N�emeth et al., 2013), 2011–2013 
(0.9%) (F€oldes et al., 2019), 2017 
(0.5%) (De�ezsi-Magyar et al., 
2024)

Yes (Hornok and Horv�ath, 2012; 
F€oldv�ari et al., 2022; F€oldv�ari 
et al., 2024)

1972 (Moln�ar, 1982) 3

Iceland ND ND ND ND ND 5
Ireland ND ND ND ND ND 5
Isle of Man ND ND ND ND ND 5
Italy ND ND 2021 (1.8%) (Fanelli et al., 2022) Yes (Manilla, 1982; Mancini et al., 

2013; De Liberato et al., 2018; 
Mancuso et al., 2019; Pascucci 
et al., 2019; Battisti et al., 2020; 
Rollins et al., 2021; Toma et al., 
2021)

2017–2019 (Mancuso et al., 2019, 
2022)

3

Jersey ND ND ND ND ND 5
Kosovo 1954–2016 (Hoogstraal, 1979; 

Defense pest management 
information analysis center, 1993; 
Avsic-Zupanc et al., 1999; 
Ђокић и др., 2000; Tegnell et al., 
2001; World Health Organization, 
2001; Av�si�c-�Zupanc et al., 2002; 
Boutin et al., 2002; Drosten et al., 
2002; Humolli, 2003; Ahmeti and 
Raka, 2006; Ramadani et al., 
2007; Thomas et al., 2012; 
СамардЖич и др., 2012; Ahmeti 
et al., 2014; Ajazaj-Berisha et al., 
2014; Papa et al., 2015; Ahmeti 

1995–2009 (6.8%, 5.3%) 
(Tomanovi�c et al., 1996; Humolli 
et al., 2010), 2012–2016 (3.9%, 
5%) (Fajs et al., 2014; Emmerich 
et al., 2021)

2008 (3.7%) (Sherifi et al., 2016), 
2012 (16.2%, 10.9%) (Fajs et al., 
2014; Dreshaj et al., 2016), 2018 
(17.1%) (Zhabari and Xhekaj, 
2022)

Yes (Heneberg et al., 1967; 
Heneberg et al., 1968; Hoogstraal, 
1979; Fajs et al., 2014; Sherifi 
et al., 2018; European Centre for 
Disease Prevention and Control, 
2023c)

2001 (Duh et al., 2006), 
2012–2019 (Sherifi et al., 2014; 
Sherifi et al., 2018; 
MBDC2023-Team, 2023)

1
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Table 2 (continued )

Country/region CCHF cases reported (year) Human serology year (positive %) Nonhuman vertebrate serology 
year (positive %) 

Hyalomma ticks CCHFV isolation or detection in 
ticks (year) 

Risk level

et al., 2019; Korva et al., 2019; 
Rackow et al., 2019; Ajazaj-Berisha 
et al., 2025), 2017–2023 (personal 
communications)

Latvia ND ND ND ND ND 5
Liechtenstein ND ND ND ND ND 5
Lithuania ND ND ND ND ND 5
Luxembourg ND ND ND Yes (European Centre for Disease 

Prevention and control, 2023b)
ND 4

Malta ND ND ND Yes (European Centre for Disease 
Prevention and control, 2023b)

ND 4

Monaco ND ND ND ND ND 5
Montenegro ND ND 1970 (ND) (Stamatovi�c et al., 

1971)
ND ND 3

Netherlands ND ND ND Yes (Uiterwijk et al., 2021; 
European Centre for Disease 
Prevention and control, 2023b)

ND 4

North Macedonia 1970 (Stamatovi�c et al., 1971; 
Defense Pest Management 
Information Analysis Center, 
1993), 1976 (Vesenjak-Hirjan 
et al., 1991), 2010 (Welch et al., 
2024), 2023 (Jakimovski et al., 
2023; Boshevska et al., 2024; 
Бошевска и др., 2024), 2024 
(Jakimovski et al., 2025)

2023 (7.6%) (Jakimovski et al., 
2025)

2009–2011 (14%, 14.5%, 49%) 
(Obradovi�c et al., 1978; Mertens 
et al., 2015; Schuster et al., 2016), 
2023 (58.8%) (Jakimovski et al., 
2025)

Yes (Obradovi�c, 1985; Mertens 
et al., 2015)

1973 (Gligi�c et al., 1977) 2

Norway ND ND ND Yes (European Centre for Disease 
Prevention and control, 2023b)

ND 4

Poland ND ND No (Ba _zan�ow et al., 2017) Yes (Siuda, 1991; European 
Centre for Disease Prevention and 
control, 2023b)

No (Ba _zan�ow et al., 2017) 4

Portugal 2024 (Z�e-Z�e et al., 2024) 1985 (0.7%) (Filipe et al., 1985) 2006–2022 (0.4%, 19.3%) 
(Mesquita et al., 2022; Baz-Flores 
et al., 2024)

Yes (European Centre for Disease 
Prevention and control, 2023b)

ND 2

Republic of Moldova ND ND ND Yes (Чумаков и др., 1974b) 1973–1974 (Чумаков и др., 
1974b), 1978** (Скофертца и др., 
1978)

3

Romania ND ND 2008 (27.8%) (Ceianu et al., 
2012), 2019–2020 (37.6%) 
(Bratuleanu et al., 2022)

Yes (European Centre for Disease 
Prevention and control, 2023b)

ND 3

San Marino ND ND ND Yes (European Centre for Disease 
Prevention and control, 2023b)

ND 4

Serbia ND ND ND Yes (European Centre for Disease 
Prevention and control, 2023c)

ND 4

Slovakia ND ND ND Yes (Capek et al., 2014) ND 4
Slovenia ND 1992** (0.08%) (Avsic-Zupanc 

et al., 1992; Av�si�c-�Zupanac et al., 
1995)

Yes (Petrovec et al., 2004) Yes (Trilar, 2014) ND 3

Spain 2013–2022 (García, 2016; 
International Society for 
Infectious Diseases, 2016a; 
International Society for 
Infectious Diseases, 2016b; 
International Society for 

2017–2018 (0%, 21.1%, 2.2%) 
(Latasa et al., 2020; Monsalve 
Arteaga et al., 2020, 2021), 2023 
(0.6%) (Lorenzo Juanes et al., 
2025)

2005–2022 (1.3%, 43.4%, 59.6%, 
25.4%, 19.3%, 40.9%, ND) 
(Sierra et al., 2019; Espunyes 
et al., 2021; Carrera-Faja et al., 
2022; Cuadrado-Matías et al., 

Yes (Gale et al., 2010; Hub�alek 
and Rudolf, 2012; Palomar et al., 
2016; Hoffman et al., 2021; 
Castillo-Contreras et al., 2022; 
Cuadrado-Matías et al., 2022a, 
2024; Vieira Lista et al., 2022)

2010–2018 (International Society 
for Infectious Diseases, 2011; 
Estrada-Pe~na et al., 2012; Cajimat 
et al., 2017; International Society 
for Infectious Diseases, 2017b; 
Negredo et al., 2019; 

1
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Table 2 (continued )

Country/region CCHF cases reported (year) Human serology year (positive %) Nonhuman vertebrate serology 
year (positive %) 

Hyalomma ticks CCHFV isolation or detection in 
ticks (year) 

Risk level

Infectious Diseases, 2017a; 
Negredo et al., 2017; 
International Society for 
Infectious Diseases, 2018; 
Mora-Rillo et al., 2018; 
International Society for 
infectious diseases, 2020b; 
International Society for 
infectious diseases, 2020a; 
International Society for 
infectious diseases, 2021; 
Monsalve Arteaga et al., 2021; 
Negredo et al., 2021a; Negredo 
et al., 2021b; International 
Society for infectious diseases, 
2022; European Centre for 
Disease Prevention and control, 
2023a; Lorenzo Juanes et al., 
2023), 2024 (�Alvarez, 2024)

2022a, 2022b; Baz-Flores et al., 
2024; Welch et al., 2024)

Moraga-Fern�andez et al., 2021; 
S�anchez-Seco et al., 2022)

Svalbard and 
Jan Mayen islands

ND ND ND ND ND 5

Sweden ND ND ND Yes (Jaenson et al., 1994; Grandi 
et al., 2020)

ND 4

Switzerland ND ND ND Yes (European Centre for Disease 
Prevention and control, 2023b)

ND 4

Ukraine/Crimea 1944–1947 (Домрачев, 1949; 
Hoogstraal, 1979), 1969 
(Примаков, 1971), 2013 
(Куличенко и др., 2016), 2015 
(Куличенко и др., 2016)

1986–1989 (0.4%) 
(Маркешин и др., 1992b), 2020** 
(1.6%) 
(Lozynskyi et al., 2020)

1968–1969 (ND)(Александров 
and Кудрявцев, 1970), 1972–1973 
(1.3%) (Чумаков и др., 1974a), 
1984–1992 (0.2%) 
(Маркешин и др., 1992a)

Yes (Hoogstraal, 1979; Akimov 
and Nebogatkin, 2011; Celina 
et al., 2023)

1945–1946 (Чумаков и др., 
1974a), 1972–1973 
(Чумаков и др., 1974a; Маркешин 
и др., 1992b), 2015 (Куличенко и 
др., 2016)

2

United Kingdom of 
Great Britain and 
Northern Ireland

2012*** (Barr et al., 2013), 
2014*** (Public Health England, 
2014), 2022*** (UK Health 
Security Agency, 2022)

ND ND Yes (Martyn, 1988; Jameson 
et al., 2012a; Hansford et al., 
2019; McGinley et al., 2021)

ND 4

Åland islands ND ND ND ND ND 5

Notes: * Suspected or confirmed cases. ** Year uncertain. *** Imported CCHF cases. **** A retrospective diagnosis was made in 2020 for the patient. ***** Aigai virus, previously referred to as CCHFV genotype VI, is now 
classified as a distinct virus (Papa et al., 2022) and is not considered here. CCHF, Crimean-Congo hemorrhagic fever; CCHFV, Crimean-Congo hemorrhagic fever virus; ND, no data available.
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1981–1988 in 27 regional units of Greece (15 in northern Greece, five in 
central Greece, four in southern Greece, one on the island of Corfu, and 
two on the island of Crete) (Antoniadis et al., 1990). In a seroprevalence 
study conducted just after the reporting of the CCHF case in 2008, a total 
of 1178 residents from five regional units in northern Greece (Drama, 
Evros, Kavala, Rodopi, and Xanthi) were tested for anti-CCHFV IgG; 37 
(3.14%) tested positive. Evros and Rodopi (where the CCHF case 
occurred) had the highest seroprevalence rates (4.95% and 4.49%, 
respectively), whereas Drama and Xanthi had the lowest (1.34% and 
1.09%, respectively); no positive samples were found in Kavala (Papa 
et al., 2011c). Compared to prior study (1981–1988) (Antoniadis et al., 
1990), this study indicated a significant increase in seroprevalence, 
suggesting that CCHFV might have been introduced or increased its 
circulation in various regions of Greece during recent decades. A com
bination of climatic and environmental changes, along with livestock 
movements leading to increased tick populations, could have contrib
uted to this result (Maltezou et al., 2009). In 2010–2012, a 14.4% 
anti-CCHFV antibody seroprevalence in Thesprotia (a regional unit in 
northwestern Greece) was measured, the highest seroprevalence re
ported thus far. Thesprotia is well known for livestock (sheep, goats, and 
cattle) breeding. Shrubbery and herbaceous vegetation cover approxi
mately one third of Thesprotia, providing a habitat for ticks and 
contributing to the spread of CCHFV (Papa et al., 2013). An additional 
study in the regional units of Imathia and Pella in 2010–2011 showed 
seroprevalence rates of 1.7% and 2.9%, respectively, mostly among 
farmers (Sidira et al., 2013). A spatial cluster analysis revealed an 
overall seroprevalence in Greece of 3.8% (range, 0–14.4%), with sig
nificant differences in the eastern and western areas of the country and 
showed that the seroprevalence was significantly affected by factors, 
such as elevation, vegetation type, proportion of woodlands and 
shrublands per person, and livestock density (Papa et al., 2016b).

To determine the anti-CCHFV antibody seroprevalence of CCHFV in 
livestock, samples were collected in Central Macedonia (Chalkidiki, 
Imathia, Kilkis, Pella, and Thessaloniki regional units) and Western 
Macedonia (Grevena, Florina, Kastoria, and Kozani regional units) in 
2013. In Central Macedonia, 7% of cattle were seropositive (28 out of 
396; 95% confidence interval [CI],5%–10%); Chalkidiki presented the 
highest seroprevalence(38%; 95% CI, 23%–56%), while in Western 
Macedonia, 2% of cattle tested seropositive (3 out of 142; 95% CI, 1%– 
7%) (Schuster et al., 2017).

Although several human and vertebrate animal seroprevalence 
studies have suggested increased CCHFV activity in Greece, many cases 
with a CCHF-compatible clinical presentation have tested negative. It 
has been hypothesized that a low-virulence orthonairovirus strain might 
cause the IgG-seropositivity (Antoniadis and Casals, 1982; Maltezou 
et al., 2010; Papa et al., 2011c; Papa et al., 2016b).

During a 2012–2014 study, 2000 ticks collected from livestock in 
Greece were tested for CCHFV (Papa et al., 2017a). Of the 1290 tick 
pools (1–5 ticks per pool), 36 (2.8%) contained CCHFV; sequencing 
clustered into two genotypes, V (Europe 1) and VI (Europe 2). Genotype 
VI was recently reclassified as a distinct virus, Aigai virus (AIGV) (Kuhn 
et al., 2021; Papa et al., 2022). All CCHFV-positive ticks were Rhipice
phalus spp. ticks; most genotype V sequences were obtained from Rh. 
sanguineus sensu lato ticks, while sequences of genotype VI were recov
ered from Rh. bursa ticks. Among all collected ticks, the H. marginatum 
population accounted for only 0.5%, and none of them harbored CCHFV. 
In contrast, Rhipicephalus spp. ticks accounted for 94.7%, and genotype 
VI was detected in R. bursa ticks. It is unclear whether Rhipicephalus ticks 
can or do serve as CCHFV vectors, thus further studies are needed to 
determine their role in the maintenance and transmission of CCHFV in 
Greece (Papa et al., 2017a).

Based on evidence, CCHFV is circulating in Greece, though clinical 
cases have not been reported in the numbers expected from prevalence 
data, perhaps due to the circulation of low-virulence virus strains 
(probably AIGV), low H. marginatum population and risk of exposure, 
and/or possibly varied human–environment interactions. Thus, 

increased CCHFV surveillance in humans, vertebrate animals, and ticks 
is highly recommended (Papa et al., 2011c; Sidira et al., 2013; Papa 
et al., 2022).

North Macedonia
CCHFV circulation in North Macedonia is expected because of the 

country's neighbors, i.e., Albania, Bulgaria, Greece, and Kosovo, where 
numerous CCHF cases are reported each year. The history of CCHF in 
North Macedonia goes back to the 1970s, when the first human cases 
were described (Hoogstraal, 1979; Defense Pest Management Informa
tion Analysis Center, 1993). CCHFV strains Ciflik 1, 6, and 11 were 
isolated in 1973 from two H. marginatum ticks and one castor bean tick 
(Ixodes ricinus (Linnaeus, 1758)) near Tetovo, Polog Region (Gligi�c et al., 
1977). Other than that, data were lacking until 2009, when an 
anti-CCHFV antibody seroprevalence of 80% in sheep and 75% in goats 
in the country's southeastern region were determined (Schuster et al., 
2016). In 2011, 80% seroprevalence was found in cattle screened in 
North Macedonia's Northeastern Statistical Region (Mertens et al., 
2015). CCHFV endemicity in North Macedonia is poorly studied. 
Nevertheless, at least 21 reported cases (three fatalities) were 
geographically distributed in the municipalities of Tetovo (1970s), 
Karbinci village (2010 and 2023), Skopje (2023), Veles (2023), Arach
inovo, Kriva Palanka, and Delchevo (2024) (Table 2).

In 1960, North Macedonia (then as part of Yugoslavia) established a 
human surveillance system for reporting suspected cases of “hemor
rhagic fever”. In 2009, this system was refined for reporting suspected 
cases of CCHF, orthohantavirus infection and other hemorrhagic ill
nesses. Since 2011, the Institute of Public Health of the Republic of 
North Macedonia has strengthened its capacity to include detection of 
human CCHF infection via molecular and serological tests (personal 
communication). Recent CCHF cases have prompted national awareness 
and a need to strengthen the surveillance system, including early 
recognition of suspected cases by first-line clinicians and increasing 
awareness among the general population. It is highly recommended that 
human, vertebrate animal, and tick surveillance activities be intensified. 
Furthermore, preventative measures should be implemented or inten
sified to reduce risk of human infection in North Macedonia.

Kosovo
The first possible CCHF cases in Kosovo were reported from Nishor, 

in the District of Prizren, in 1954 (Heneberg et al., 1968; Av�si�c-�Zupanc, 
2007). Since 1989, there have been CCHF outbreaks every 4–5 years 
(Humolli, 2003; Ahmeti and Raka, 2006; Jameson et al., 2012b; Papa 
et al., 2015). CCHF is endemic in Kosovo's central and southwest re
gions, which are at low altitudes with higher temperatures and land 
mostly covered by bushes and farmed vegetation (Sherifi et al., 2014). 
Human seroprevalence of 4.0% (range 0–9.3%) (with the highest sero
prevalence in the municipalities of Klina [9.3%], Rahovec, Gjakov€e 
[9.0%], and Malisheve [7.1%]) was measured in 2012. Consistent with 
these data, vertebrate animal seroprevalence (cows [18.4%], goats 
[20%], and sheep [10%]) was reported in 2014 to be highest Malisheve 
and Rahovec (Fajs et al., 2014). In 2018, another study revealed high 
seroprevalence in vertebrate animals in Malisheve (24.7%) and Vushtrri 
(4.8%) municipalities, where CCHFV was not documented before 
(Zhabari and Xhekaj, 2022).

A continental air mass influences the climate in Kosovo, resulting in 
comparatively cold winters, hot and dry summers, and transitional 
springs and autumns. These circumstances are favorable for Hyalomma 
ticks, and hence it is no surprise that H. marginatum ticks have been 
reported in Kosovo since at least 1967 (Heneberg et al., 1967; Hoog
straal, 1979). During May and June 2012, ixodid ticks from seven spe
cies were collected from eight Kosovo municipalities (endemic and 
non-endemic). H. marginatum ticks were the majority (56.7%), fol
lowed by I. ricinus (30%), and Rh. bursa (10.7%). In the endemic mu
nicipalities, H. marginatum predominated (90.2%); however, in the 
non-endemic regions, it accounted for only 24.3% of the collected ticks. 
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Only 40 (3.6%) out of 1102 ticks tested positive for CCHFV (all 
H. marginatum, R. bursa, and I. ricinus). The municipalities of Malisheve 
and Klina had the highest number of positive ticks (Sherifi et al., 2014). 
In another study, performed 2013–2019, a total of 2875 ticks were 
collected from livestock (cattle, goats, and sheep), and real-time reverse 
transcription polymerase chain reaction (RT-qPCR) tests detected 
CCHFV in 15 R. bursa ticks and four H. marginatum (19 total;0.66%) 
(MBDC2023-Team, 2023).

In Kosovo, over the time period of 1954–2023, at least 339 CCHF 
cases have been documented with a very high case-fatality rate (25.5%) 
(Humolli et al., 2010; MBDC2023-Team, 2023), which might be 
explained by undiagnosed asymptomatic and mild cases confounding 
the case count, a circulating high-virulence CCHFV lineage, and/or ge
netics in the local human population (Fajs et al., 2014). Considering 
these data, Kosovo is a significant CCHFV hotspot and a contender for 
thorough study of virus ecology and potential conduct of vaccine and 
therapeutic trials (Fajs et al., 2014).

Since 1996, a WHO collaborating center in Ljubljana, Slovenia, has 
been supporting CCHFV surveillance in Kosovo (Duh et al., 2006). Also, 
Kosovo has a CCHF national advisory board and national laboratory for 
CCHFV surveillance (Fletcher et al., 2017). As of 2010, the Bernhard 
Nocht Institute of Tropical Medicine in Hamburg, Germany, has sup
ported studies at the National Institute of Public Health in Prishtina 
using RT-qPCR and serology techniques (MBDC2023-Team, 2023) 
(personal communication). In 2013, the Inter-Ministerial Committee, 
led by the Ministry of Health in Kosovo, was established to raise public 
awareness about tick bite prevention, treat farm animals with acaricides 
to reduce tick populations, improve diagnostic capabilities, and 
strengthen biosecurity. Furthermore, under the German Biosecurity 
Programme (2013–2019), Kosovo public institutions implemented an 
action plan for preparedness and surveillance (MBDC2023-Team, 2023) 
(personal communication). Its main activities included the provision of 
equipment and training in biosecurity and biosafety, fieldwork, tick 
monitoring, and laboratory support [presented at the 2023 Medical 
Biodefense Conference (MBDC2023-Team, 2023)]. As an example, the 
municipality of Malisheve implemented a program in 2014 to treat farm 
animals with acaricides and educate the public about tick bite preven
tion and risks related to CCHFV infection (Zhabari and Xhekaj, 2022). 
This program resulted in a significant reduction in CCHFV seropreva
lence (20% in treated vs. 83% in untreated vertebrate animals) in 
Malisheve municipality (Zhabari, 2018). To control and prevent 
CCHFV's spread on a broader scale, health and veterinary institutions 
should establish an integrated surveillance program, including regular 
monitoring of ticks and domestic vertebrate animals for CCHFV infec
tion in endemic and non-endemic areas.

Spain
In 2010, CCHFV was detected in Hyalomma lusitanicum Koch, 1844 

ticks sampled in Province of C�aceres, Spain, marking the first isolation of 
the virus in this country (Estrada-Pe~na et al., 2012). In October 2011, a 
report by the Health Alert and Emergency Coordination Center (CCAES) 
from the Ministry of Health, Social Policy, and Equality of Spain sug
gested the implementation of a multidisciplinary approach to monitor 
and contain CCHFV while indicating that the probability of human 
infection in Spain was low (Su�arez et al., 2011). In August 2016, Spain's 
first CCHF case was reported in Province of �Avila, followed by a noso
comial transmission of the virus to a nurse taking care of the index pa
tient (García, 2016; Negredo et al., 2017). In 2018, a case was confirmed 
in Province of Badajoz, in western Spain (Negredo et al., 2021a). A total 
of 17 CCHF cases have been identified in Spain (2013–2024). Interest
ingly, viruses detected in ticks or causing human infection belong to 
different genotypes (I, III, IV, and V) (Monsalve Arteaga et al., 2021; 
Negredo et al., 2021a; S�anchez-Seco et al., 2022), indicating multiple 
introduction events.

CCHFV circulation in healthy people was first discovered in 
northwestern Spain in a serological investigation using samples from 

516 randomly selected asymptomatic individuals during 2017–2018. 
Approximately one in five positive participants had occupations that 
placed at the risk for CCHFV exposure. Overall, 15.3% of the partici
pants had a history of tick bite(s). In autonomous community Castilla 
and Le�on, anti-CCHFV antibody seroprevalence had a range of 0.58%– 
1.16% (Monsalve Arteaga et al., 2020). In Province of �Avila, vertebrate 
animal seroprevalence was 58% in wildlife and 33% in domestic 
vertebrate animals in 2016. In autonomous communities Andalusia, 
Castile-La Mancha, Castilla and Le�on, and Extremadura, as well as the 
city of Madrid, vertebrate animal seroprevalence was 2%–79% in 
wildlife and 4%–16% in domestic vertebrate animals in 2018. (Sierra 
et al., 2019). Vertebrate animal seroprevalence was 14% in the 
autonomous community of Catalonia (2014–2020) (Espunyes et al., 
2021). In a 2022 wildlife vertebrate animal serology study in the 
Mediterranean forest ecosystem, anti-CCHFV antibody seroprevalence 
was close to 100% despite the absence of CCHF cases in the area (Welch 
et al., 2024). Active multidisciplinary tick surveillance confirmed 
CCHFV presence predominantly in H. lusitanicum ticks in most areas of 
Spain (Gargili et al., 2017; Mora-Rillo et al., 2018; S�anchez-Seco et al., 
2022). The low number of reported CCHF cases suggests a low zoonotic 
risk despite widespread distribution of CCHFV. This discrepancy could 
be due to limited interaction of the human population with wildlife and 
their ticks but ultimately remains to be explained (Moraga-Fern�andez 
et al., 2021).

CCHFV may spread through the geographical movement of estab
lished vectors or introduction of new vectors adapted to cool and dry 
climates (L�opez-V�elez and Molina Moreno, 2005; Gargili et al., 2017). 
Spain's proximity to Africa, potential as a rest stop for migrating birds, 
climate conditions, and livestock trading from non-European endemic 
regions likely contributed to the repeated introduction of CCHFV into 
the country (L�opez-V�elez and Molina Moreno, 2005; England et al., 
2016). CCHF awareness within the healthcare system and among 
frontline practitioners is crucial to improving CCHFV surveillance in 
Spain but remains limited (Negredo et al., 2021a), suggesting that many, 
if not most, CCHFV infections are undiagnosed.

Portugal
CCHF epidemiology and epizoology in Portugal have not been well- 

studied, despite the prevalence of CCHF in neighboring Spain and two 
human seropositivity reports in 1985 in southern Portugal (Filipe et al., 
1985). In 2024, human cases revealed the susceptibility of Portugal to 
CCHF outbreaks and called for establishment of a robust CCHF sur
veillance system. The 2024 index case occurred in a rural area in the 
district of Braganca (central). At the time of admission, the 83-year-old 
patient was diagnosed with Mediterranean spotted fever and discharged 
with antibiotics. However, four days later, symptoms deteriorated, and 
the individual was readmitted to the hospital and IgG against Rickettsia 
was detected; the patient died six days later. Post-mortem serum sam
ples were sent to the reference laboratory of the Portuguese National 
Institute of Health, where CCHFV infection was confirmed with PCR 
(Z�e-Z�e et al., 2024). This case illuminates a considerable threat to public 
health in Portugal posed by CCHFV.

Vertebrate animal seroprevalence investigations revealed positive 
results in domestic and wild animals in Portugal (Mesquita et al., 2022; 
Baz-Flores et al., 2024). In 2014, a nationwide seroprevalence survey of 
sentinel sheep (n = 459) from five regions of Portugal (north, center, 
Lisboa and Vale do Tejo, Alentejo, and Algarve) revealed two positive 
results in Alentejo, the southern region of Portugal, and a 0.4% overall 
seroprevalence (Mesquita et al., 2022). Another study also identified 
seropositive vertebrate animals in the northern and east-central regions 
of Portugal during the period 2006–2022. This cross-sectional study of 
wild boar (Sus scrofa Linnaeus, 1758) populations (each called a 
sounder) in Spain and Portugal tested 5291 serum samples from 90 
sounders using a specific double-antigen ELISA. The results revealed a 
total of 1026 positive samples (from 57 sounders) across Spain and 
Portugal (Baz-Flores et al., 2024). Collectively, the recent CCHF case, 
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positive vertebrate animal serology, and wide distribution of Hyalomma 
ticks highlight the need for surveillance and preventive measures to 
monitor and mitigate this risk in Portugal.

Eastern Europe

In Eastern Europe, Bulgaria has reported the most CCHF cases 
through a well-established surveillance system. Despite evidence of 
CCHFV circulation in Hungary, Republic of Moldova, and Romania, no 
recent human cases have been reported in these countries. Hyalomma 
ticks circulate in Czechia and Romania, but there is no evidence of 
CCHFV endemicity.

Bulgaria
In Eastern Bulgaria, the first likely CCHF outbreak on occurred in 

Razgrad and Kolarovgrad in 1944, possibly after introduction of tick- 
infested horses imported by Soviet forces during World War II 
(Иванов, 1960). Overall, a total of at least 1623 cases have been iden
tified in Bulgaria 1946–2023; most were reported from the southern 
(Plovdiv, Pazardzhik, Haskovo, and Kardzhali) and eastern (Shumen 
and Burgas) regions (Papa et al., 2004).

The first definitive case of CCHF in Bulgaria was recorded in 1951 near 
Stara Zagora (Неклюдов, 1952; Митов, 1953; Дончев и др., 1965; Papa 
et al., 2004), followed by retrospective recognition of at least 10 possible 
cases from three areas during 1946–1952 (Миронов, 1953). CCHFV was 
first isolated in 1968 from the blood of two patients (Vasilenko, 1973; 
Hoogstraal, 1979). The Bulgarian Ministry of Health reported 1105 cases 
during 1953–1974 (case-fatality rate of 17%) including 20 nosocomial 
infections (case-fatality rate of 52%) (Papa et al., 2004). After imple
menting a vaccination program in 1974, CCHF cases dropped to 279 during 
1975–1996 (case-fatality rate of 11.4%) (Papa et al., 2004).

CCHF infection was considered rare in southwestern Bulgaria (Bla
goevgrad Province) until 2008, when a cluster of cases were reported in 
early spring (Christova et al., 2009). Since then, this province has been 
reporting a substantial number of cases (Christova et al., 2013a). 
Recently, nearly all CCHF cases have been reported from five districts 
near the borders with Turkey and Greece: Burgas, Haskovo, Kardzhali, 
Yambol, and Blagoevgrad (Komitova et al., 2020). From 1997 to 2009, 
the incidence of CCHF increased significantly with increasing mean 
temperatures, vegetation density, savannah-type land coverage, and 
habitat fragmentation (Vescio et al., 2012). Most of Bulgaria, however, 
has a favorable ecological environment for CCHFV circulation (Hoog
straal, 1979; Christova et al., 2017b).

A nationwide human population study including 1500 residents 
showed 3.7% anti-CCHFV antibody seropositivity in 20 out of 28 
provinces in Bulgaria (Christova et al., 2017a). A history of tick bites, 
exposure to livestock, age over 40 years, and residing in Haskovo were 
found to be risk factors. In general, measured human seropositivity rates 
are directly related to the number of recorded CCHF cases in the sur
veyed areas.

Vertebrate animal seroprevalence and tick surveillance was per
formed in endemic and non-endemic areas of Bulgaria from 2006 to 
2012. Overall, anti-CCHFV antibody seroprevalence was noted to be 
7.89% (140 out of 1775) for vertebrate animals (Gergova and Kamar
inchev, 2013). CCHFV was found in 1.46% of ticks (9 out of 617), 
belonging to species H. marginatum, Rhipicephalus sanguineus (Latreille, 
1806), and I. ricinus. Vertebrate animal seroprevalence was not signifi
cantly different between endemic and non-endemic districts. In all sur
veyed locations, the virus dispersed mosaically without significant 
variation over the years (Gergova and Kamarinchev, 2013). Even in 
districts without human cases, vertebrate animal seroprevalence had a 
range of 22.5%–55%, suggesting that CCHFV has spread far beyond the 
known endemic areas in Bulgaria and is circulating throughout most of 
the country (Christova et al., 2018). In another tick surveillance study, 
2.01% of sampled ticks in Kardzhali, 4.83% in Haskovo, and 1.46% in 
Stara Zagora tested positive for CCHFV (Gergova et al., 2012). The 

National Center for Infectious and Parasitic Diseases of Bulgaria 
confirmed tick infestation of birds in non-endemic areas; H. marginatum 
ticks were the second most common ticks found on migratory birds 
(Aleksandrova et al., 2021).

Bulgarian CCHFV surveillance is supported by the national reference 
laboratory in Bulgaria (Fletcher et al., 2017). During a CCHF outbreak in 
Gotse Delchev Municipality, Blagoevgrad Province, in 2008, a coordi
nated investigation was conducted by a team of epidemiologists, virolo
gists, veterinarians, and clinicians from local health authorities, Ministry 
of Health, National Center for Infectious and Parasitic Diseases, and Sofia 
Hospital. Public and media attention in Bulgaria played a major role 
during the outbreak, and intense public training was implemented after 
the outbreak to prevent transmission. Numerous local meetings were held 
to educate staff and veterinary authorities. Public tick exposure was 
reduced by massive tick control measures applied to vertebrate animals 
and the environment (Kunchev and Kojouharova, 2008).

As part of preventive measures, an inactivated CCHFV vaccine has 
been used for military personnel, medical staff, and residents of endemic 
areas in Bulgaria since 1974 (Тодоров и др., 2001; Keshtkar-Jahromi 
et al., 2011). This vaccine was developed by the Soviet Union in suckling 
mouse brain cultures in the 1970s (Keshtkar-Jahromi et al., 2011). 
Initially, two doses were given (one on day 0 and one on day 30); a third 
dose was administered one year later, followed by a fourth dose five 
years later (Papa et al., 2004). Since vaccination program implementa
tion, the number of cases has decreased, with no cases reported among 
military personnel who had received the vaccine (Papa et al., 2004; 
Keshtkar-Jahromi et al., 2011; Papa et al., 2011b). This decline might 
not be solely due to vaccination, because other factors (e.g., changes in 
ecology and epidemiology) may have also contributed (Papa et al., 
2011b). The effectiveness of the vaccine remains disputed, and it is not 
licensed for use outside of Bulgaria.

Hungary
A human seroprevalence study conducted during 2008–2017 in 

Hungary revealed a 0.37% anti-CCHFV antibody seropositivity rate (10 
out of 2700) in healthy blood donors, with most positive samples coming 
from Hungary's western and central regions (Magyar et al., 2021). Wild 
rodent screening performed in 2011 and 2013 revealed that 20 out of 
2085 (0.96%) vertebrate animals had antibodies against CCHFV (F€oldes 
et al., 2019). In another study, CCHFV was detected in 12 out of 198 
(6%) sampled European hares (N�emeth et al., 2013). A 2017 investi
gation identified 11 (8 out of 1391 cattle and 3 out of 514 sheep) 
anti-CCHFV antibody-positive livestock of a total of 1905 (0.58%) 
(cattle and sheep). B�acs–Kiskun County was most affected with a sero
positivity of 1.8% (3 out of 72 cattle and 3 out of 262 sheep) 
(De�ezsi-Magyar et al., 2024).

In the 1970s, during a national survey for arbovirus foci in 
Hungary, two isolates of CCHFV were obtained from I. ricinus ticks 
(Moln�ar, 1982). There is limited published information about the 
occurrence and distribution of Hyalomma ticks in Hungary. However, 
H. marginatum nymphs were found engorged on a northern 
white-breasted hedgehog (Erinaceus roumanicus Barrett-Hamilton, 
1900) in a Budapest city park (F€oldv�ari et al., 2011) and on Euro
pean robins (Erithacus rubecula (Linnaeus, 1758)) in Duna-Ipoly Na
tional Park (Hornok et al., 2013). In September 2011, two H. rufipes 
ticks were found on two cows within eight days (Hornok and Horv�ath, 
2012). In another study, in 2021, citizen scientists from all over the 
country submitted 137 specimens and several hundred photos of ixodid 
ticks within seven months. A specimen from a dog and another from a 
cow were morphologically identified as H. marginatum and H. rufipes 
ticks, respectively (F€oldv�ari et al., 2022), indicating that Hyalomma 
ticks are broadly present in the country.

Together, these data indicate that CCHFV is endemic in Hungary, but 
that the circulating virus is not significantly virulent (possibly causing 
only subclinical infections) or that human exposure to CCHFV does not 
occur frequently (N�emeth et al., 2013).
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Large-scale active surveillance is needed in Hungary to identify the 
public health risks associated with CCHFV. It is also recommended that 
genomic studies of the virus be conducted on a national level to 
determine the genetic diversity of CCHFV in the country. Surveillance 
must be conducted in an appropriate and effective manner to gain a 
better understanding of virus ecology, dynamics of transmission, po
tential reservoir hosts, and vectors (F€oldes et al., 2019). A continuous 
tick surveillance program would be beneficial, particularly in regions 
where CCHFV carrier ticks are more likely to be present (Braks et al., 
2011).

Ukraine/Crimea
CCHFV was first identified in Crimea in 1944 (Grashchenkov, 1945; 

Колачев, 1945; Соколов и др., 1945; Чумаков, 1946; Hoogstraal, 1979). 
Morbidity data from 1944 vary across reports, depending on whether 
the focus was solely on military cases or included both military and 
civilian cases (Hoogstraal, 1979). Nevertheless, estimates encompass 
remote rural areas lacking medical facilities, particularly in parts of the 
Kerch Peninsula, with at least 200 cases in 1944 (Чумаков и др., 1974a; 
Hoogstraal, 1979). The 1944 outbreak was attributed to environmental 
disturbances caused by disrupted agricultural activities and the preva
lence of H. marginatum ticks on European hares and cattle (Домрачев, 
1949; Hoogstraal, 1979). Approximately 100 CCHF cases were reported 
in the summer of 1945. The densities of hares, rodents, and 
H. marginatum ticks significantly decreased in 1945 (Гробов, 1946; 
Петрова-Пянтковская, 1947), leading to a decline in CCHF cases. 
Consequently, single and scattered cases were reported in Crimea during 
1946–1969 (Чумаков и др., 1974a). The epizootiological study of the 
natural CCHF focus in Crimea in 1968–1969 revealed 14.8% positive 
agar gel diffusion precipitation test results of cattle and horse sera 
(unknown numbers) collected at breeding farms on the Kerch Peninsula 
(Александров and Кудрявцев, 1970). Later, during 1972–1973, a total of 
33 CCHFV strains were isolated from five tick species from cattle in 11 
areas (in central and eastern Kerch, the area in and around Sevastopol, 
and southern coastal areas) covering most of the Crimean territory 
(Чумаков и др., 1974a). A total of 33 isolates were obtained from 1663 
H. marginatum (28 positives; 57 pools), 33 I. ricinus (2 out of 3), 46 
Haemaphysalis punctata Canestrini and Fanzago, 1878 (1 out of 4), 97 Rh. 
bursa (1 out of 2), and 132 R. sanguineus (1 out of 2) ticks. More recently, 
in 2015, a PCR test on a blood sample from a patient and 506 ixodid ticks 
from six administrative regions of the Crimean federal district (Alushta, 
Bakhchisarai, Belogorsk, Sudak, Yalta, and Simferopol regions) identi
fied a new Crimea genetic subgroup (Vd) of the Europe 1 genotype for 
the first time. The positive ticks belonged to H. marginatum (6 samples) 
and R. bursa (4 samples) species and were collected from horses and 
cattle in the vicinity of the town of Luchistoe in the Alushta region 
(Куличенко и др., 2016).

The presence of CCHFV vectors or reservoirs in Ukraine suggests that 
human cases of febrile illnesses may be caused by CCHFV (Lozynskyi 
et al., 2020). In 1969, at least three CCHF cases were confirmed sero
logically in the Luhansk Oblast in eastern Ukraine (Примаков, 1971; 
Hoogstraal, 1979). One human serology study in the Lviv revealed 1.7% 
positive seroprevalence (Lozynskyi et al., 2020). CCHFV has been 
detected in ticks and small mammals (white-toothed shrews, voles, and 
other mouse-like rodents) in eastern, southern and central Ukraine 
(Cherkasy, Donetsk, Ivano-Frankivsk, Kyiv, Luhansk, and Zaporizhzhia 
Oblasts) (Коваленко и др., 2006). In several oblasts, including Zakar
pattia and Lviv (in the northwest, bordering Poland), CCHFV antigen has 
been detected in Ixodes ticks (Lozynskyi et al., 2020). Other regions of 
Ukraine are also prone to CCHF endemicity and future outbreaks. 
Despite the absence of systematic surveillance studies in Ukraine, his
torical investigations support the notion that CCHFV is widespread.

Considering information about Crimea (located in the south), 
Luhansk Oblast (in the east), and human seropositivity in the northwest, 
it can be hypothesized that CCHFV is widespread in all oblasts of 
Ukraine. There have been no recent CCHF cases, but there is no robust 

surveillance system and hence the absence of cases needs to be seen with 
caution. Robust seroprevalence and tick surveillance is needed to 
identify endemic areas within country. Diagnostic capabilities are 
needed to identify human cases.

Western Europe

France
Most CCHFV investigations in France focused on Corsica, an island in 

the southern part of the country, due to its suitable environment with 
agriculture, hunting, and hiking activities that increase the risk of 
exposure through human interaction with livestock and wildlife (Gre
ch-Angelini et al., 2016b). Additionally, this area lies along a migratory 
bird route that creates a link between Africa and Europe by which 
infected ticks are transported (Hoffman et al., 2018). In 2014–2016, a 
seroprevalence study in cattle, goats, and sheep revealed a 9.1% 
anti-CCHFV antibody seropositivity rate (Grech-Angelini et al., 2020). 
Another study, conducted in 2022–2023, revealed 0.1% and 1% sero
positivity in general and high-risk human populations, respectively. 
Among vertebrate animals (wild boar, roe deer, red deer, mouflon, and 
cattle), only cattle tested positive [No ticks tested positive for CCHFV 
(Welch et al., 2024)]). Furthermore, CCHFV circulation was detected in 
vertebrate animals in mainland France (Bernard et al., 2025). A seros
urvey of 8609 cattle (2018–2022) and 2182 wildlife (wild boar, mou
flons, red deer, European roes, red foxes) (2008–2022) using ELISA and 
pseudo-plaque reduction neutralization (PPRN) in south-eastern France, 
spanning areas from Spain to Italy, with confirmed or potential 
H. marginatum presence, revealed seropositivity in both cattle (2.04%) 
and wildlife (2.25%). The highest cattle seroprevalence rates were found 
in the departments of Alpes-Maritimes (7.18%) and Pyr�en�ees-Orientales 
(9.09%). Among wildlife, positive samples were detected in wild boar (n 
= 14), red deer (n = 18), roe deer (n = 13), and mouflon (n = 1). 
Notably, most positive wildlife (including wild boar, roe deer, and red 
deer) were hunted in Hautes-Pr�en�ees (Bernard et al., 2025).

H. marginatum ticks in France were long thought to be limited to 
Corsica but were recently confirmed on the mainland (Grech-Angelini 
et al., 2016b; Vial et al., 2016). In 2022, an average of 30 ticks per 
location were collected from horses in four Mediterranean departments 
on the French mainland near Spain and, in 2023, ticks were collected 
from cattle in Pyr�en�ees-Orientales. An RT-qPCR test was used to identify 
the tick species and detect the presence of CCHFV. In 2022, a total of 
997 H. marginatum ticks were identified; 13 (1.3%) tested positive for 
CCHFV. In 2023, a total of 1001 H. marginatum ticks were identified; 142 
(14.2%) tested positive for CCHFV (Bernard et al., 2024). In 2022 and 
2023, CCHFV was detected in ticks collected from cattle in the southeast 
and central-western areas of Corsica (Kiwan et al., 2024).

The French Agency for Food, Environmental and Occupational 
Health & Safety (ANSES) called for nationwide surveillance of Hya
lomma ticks as part of vector control measures. This scheme prioritizes 
at-risk geographical areas, early detection of Hyalomma ticks, and early 
detection of CCHFV in ticks, enabling risk prevention and management 
measures. In addition, healthcare professionals on the frontline of 
identifying indigenous human cases are being educated about CCHF 
(The French Agency for Food, 2023). Also, the program emphasizes the 
importance of research programs to improve understanding of Hya
lomma tick epidemiology and spatial-temporal dynamics (The French 
Agency for Food, 2023). As part of the plan to control tick-borne dis
eases, the citizens making an invaluable contribution (CiTIQUE) pro
gram was created to conduct surveillance, which could be extended to 
include Hyalomma ticks. In this program, users record tick bites via a 
software application, can send ticks to a laboratory for further analysis, 
and populate a database that informs users about potential viral or 
bacterial infections (CiTIQUE, 2024).

In light of the fact that CCHFV is clearly present across France 
(Fanelli et al., 2023; Bernard et al., 2024; Bernard et al., 2025), the 
absence of CCHF cases remains puzzling. Consequently, more 
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investigations are needed in ticks and vertebrate animals, including 
humans, to clarify CCHFV circulation and biological properties, such as 
virulence.

OTHER COUNTRIES

No other European countries reported autochthonous CCHF cases, 
and data on CCHFV for other countries are limited. However, there is 
some evidence of CCHFV circulation in Bosnia and Herzegovina, Italy, 
Montenegro, Republic of Moldova, Romania, and Slovenia (Table 2).

A total of 16 European countries have documented presence of 
Hyalomma ticks without CCHFV circulation (Austria, Belgium, Czechia, 
Finland, Germany, Luxembourg, Malta, Netherlands, Norway, Poland, 
San Marino, Serbia, Slovakia, Sweden, Switzerland, and United 
Kingdom of Great Britain and Northern Ireland). The environments of 
these countries are favorable for Hyalomma ticks and hence for CCHFV 
introduction or maintenance. Thus, accurate surveillance is needed to 
monitor tick populations.

There are 18 European countries that appear not to have studied 
distribution of Hyalomma ticks and/or circulation of CCHFV; the 
establishment of a systematic approach to studying the CCHF risk is 
strongly recommended for these countries.

DISCUSSION

This study is the fourth of our global CCHF mapping publication 
series (Blair et al., 2019; Temur et al., 2021; Fereidouni et al., 2023). In 
comparison to Asia and Africa, where CCHFV is a rather well-known 
endemic pathogen, it is only considered as an emerging and “exotic” 
pathogen in Europe. We have identified at least 2746 CCHF reported 
cases from 1944 through September of 2024 in Europe (Table 1). His
torically, most cases were reported in southern and eastern Europe, but 
CCHFV has apparently emerged in additional countries (Bosnia and 
Herzegovina, France, Italy, Portugal, Romania, Slovenia, and Spain) 
within the last decade. In all three examined regions of Europe (eastern, 
southern, and western), evidence of CCHFV circulation either by 
serology or virus isolation was found years before the first CCHF case 
was reported. Southern France escalated to a high risk level after CCHFV 
was isolated from ticks in April 2023, and vertebrate animal and human 
serology identified the virus in 2014. Consequently, the French public 
health system implemented measures to identify additional human in
fections. CCHFV endemicity in Portugal is not well studied. However, 
the potential for the virus to spread in Portugal has been demonstrated 
by a recent fatal autochthonous CCHF human case (Z�e-Z�e et al., 2024) as 
well as positive serology in vertebrate animal samples and the presence 
of competent tick vectors (Table 2). Many other countries in Europe 
(level 3) have been identified as at risk due to evidence of CCHFV cir
culation in absence of recent CCHF cases. Some countries (e.g., Croatia 
and Republic of Moldova) have records of CCHF cases decades ago but 
none since, and serological evidence of CCHFV circulation in 
Montenegro dates (only) to the 1970s (Table 2). It is unclear whether 
this lack of detection in recent decades is due to lack of diagnostic 
and/or surveillance capabilities or whether the virus has truly dis
appeared from these areas.

Several factors could have contributed to the spread of CCHFV in 
Europe. Suitable habitat expansion, likely due to climate change, for tick 
vectors, particularly Hyalomma ticks, is a major factor for increased 
CCHFV distribution (Gale et al., 2012; Hekimoglu et al., 2023). Hya
lomma ticks have the potential to transmit CCHFV transstadially and 
transovarially to future tick generations in the area, thereby contrib
uting to “silent” persistence of CCHFV in nature in the absence of suit
able host and habitat and eventually leading to local reemergence or 
emergence in new areas. Additionally, movement of infected mammals 
(domestic and wild) and migratory birds contributes to the spread of 
ticks and virus (Spengler et al., 2016). The pivotal role of tick-infested 
migratory birds in importing CCHFV from Africa has been shown in 

Italy (De Liberato et al., 2018; Mancuso et al., 2022) and is a likely 
explanation for recent CCHFV discoveries in France and Spain. A niche 
modelling approach using occurrence data from the Global Biodiversity 
Information Facility (GBIF) to assess the ecological suitability of 
H. marginatum across Europe predicted a broad potential distribution 
spanning Western, Southern, Central, and Eastern Europe, extending as 
far north as the southern parts of Scandinavia, including Central Euro
pean countries where these ticks are currently not thought to be native 
(Celina et al., 2023).

CCHF is also considered a threat to non-endemic and low-risk Eu
ropean countries via imported cases and is exacerbated due to ease of 
travel among countries within the Schengen Area. For instance, Ger
many reported two nosocomial CCHFV infections in 2009 due to an 
imported CCHF case (Conger et al., 2015), and, in 2012, 2014, and 2022, 
CCHF cases were imported into the United Kingdom from Afghanistan, 
Bulgaria, and Central Asia, respectively (Barr et al., 2013; Public Health 
England, 2014; UK Health Security Agency, 2022). The examples of 
imported cases highlight importance of healthcare education and diag
nostic capacities even in non-endemic countries due to CCHFV's po
tential for human-to-human and nosocomial spread.

We applied the CCHF risk level classification we had established 
previously (Blair et al., 2019; Temur et al., 2021; Fereidouni et al., 2023) 
to (non-Russian) Europe (Table 3, Fig. 1). Accordingly:

1. Albania, Bulgaria, Greece, Kosovo, and Spain are considered level 1 
due to CCHF cases and established diagnostic capabilities that enable 
rapid response during CCHF outbreaks. Albania, Bulgaria, and 
Kosovo have the highest number of cases but also have established 
surveillance infrastructures, which could enable the establishment of 
a network in the region. It would be beneficial for these countries and 
regions to collaborate to improve their surveillance systems by 
establishing a diagnostic network and defining CCHF hotspots in 
eastern and southern Europe. Active surveillance for CCHFV must 
include tick fieldwork for improved understanding of tick distribu
tion dynamics and serological testing of humans and vertebrate an
imals. In addition, improvement of health systems, education of 
communities about CCHF, and development of protective measures 
in high-risk areas should be priorities;

2. North Macedonia, Portugal, and Ukraine/Crimea are considered 
level 2, having reported cases intermittently, with evidence sup
porting CCHFV circulation. The Institute of Public Health in Skopje 
(North Macedonia) developed an action plan for improved surveil
lance of CCHF using a One Health approach in 2024. It is expected 
that the number of cases will gradually increase within the next 
couple of years. Support from international organizations, and close 
collaborations with neighboring countries and WHO Collaborating 
Centers is urgently needed to enhance data sharing and establish a 
diagnostic network for further improvement of CCHF surveillance. 
Portugal is also considered level 2 due to the recent fatal human case. 
Further investigation is highly recommended to determine the risks 
and future potential outbreaks in Portugal. Ukraine/Crimea are 
classified level 2 due to the 2013 and 2015 human cases in Crimea as 
well as CCHFV circulation in different regions. Further investigations 
under a robust surveillance system umbrella are highly 

Table 3 
Evidence-based classification of European countries/regions.

Level 1 Albania, Bulgaria, Greece, Kosovo, Spain

Level 2 North Macedonia, Portugal, Ukraine/Crimea
Level 3 Bosnia and Herzegovina, Croatia, France, Hungary, Italy, Montenegro, 

Republic of Moldova, Romania, and Slovenia
Level 4 Austria, Belgium, Czechia, Finland, Germany, Luxembourg, Malta, 

Netherlands, Norway, Poland, San Marino, Serbia, Slovakia, Sweden, 
Switzerland, and United Kingdom of Great Britain and Northern Ireland

Level 5 Andorra, Belarus, Denmark, Estonia, Faroe Islands, Gibraltar, Guernsey, 
Holy See, Iceland, Ireland, Isle of Man, Jersey, Latvia, Liechtenstein, 
Lithuania, Monaco, Svalbard and Jan Mayen islands, and Åland islands
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recommended to determine human, vertebrate animal, and tick 
infection and implement preventive measures in high-risk areas in 
Ukraine/Crimea;

3. Bosnia and Herzegovina, Croatia, France, Hungary, Italy, 
Montenegro, Republic of Moldova, Romania, and Slovenia are 
considered level 3, i.e., to be at risk of experiencing CCHF cases 
emergence due ongoing CCHFV circulation. These countries would 
benefit from the establishment of robust surveillance systems to 
monitor and investigate human infections, as well as perform sys
tematic studies to determine the epizootiology of CCHFV and man
agement of likely future CCHF outbreaks;

4. Austria, Belgium, Czechia, Finland, Germany, Luxembourg, Malta, 
Netherlands, Norway, Poland, San Marino, Serbia, Slovakia, Sweden, 
Switzerland, and United Kingdom of Great Britain and Northern 
Ireland are considered level 4 due to presence of Hyalomma ticks in 
absence of CCHFV circulation. It would be beneficial for these 
countries to conduct tick surveillance studies to validate the non
endemicity of CCHFV; and

5. Andorra, Belarus, Denmark, Estonia, Faroe Islands, Gibraltar, 
Guernsey, Holy See, Iceland, Ireland, Isle of Man, Jersey, Latvia, 

Liechtenstein, Lithuania, Monaco, Svalbard and Jan Mayen Islands, 
and Åland Islands are considered level 5 because of absence of data 
regarding CCHFV and because most of these countries are located in 
northern Europe, which has a cold and humid climate that is not 
considered a suitable habitat for Hyalomma ticks.

Our study has some limitations. First, we searched for articles that 
had been indexed in public databases. Therefore, there is a possibility 
that we missed data, such as those published exclusively in (potentially 
not publicly available) government reports or articles that are not 
indexed in the databases we used or those that were not retrieved using 
the selected keywords. Second, weights were assigned equally to all 
studies in each category (isolation of virus, human and other vertebrate 
animal serological testing). However, there is considerable variation 
among and within countries in the applied methods and accuracy of 
reported data, resulting from different diagnostic standards. Third, 
variations in surveillance intensity over time and across species can 
result in inconsistent CCHFV detection. Such inconsistencies may delay 
responses to emerging threats, overlook subclinical human cases, and 
heighten the risk of unnoticed outbreaks. Finally, artificial geographic 

Fig. 1. An approach based on One Health to understand CCHF burden in Europe. The circulation of CCHFV is confirmed in countries of lower levels (1 and 2), but 
further investigation and increased surveillance are recommended for countries of higher levels (3, 4, and 5). CCHFV distribution within a country is unlikely to be 
accurately reflected by its boundaries. However, given that CCHFV activity is a priority, even a single area of focus within a country requires the involvement of the 
entire nation (Country boundaries are not guaranteed to represent the geographical area at risk and they are not necessarily endorsed by the authors.). CCHF, 
Crimean-Congo hemorrhagic fever; CCHFV, Crimean-Congo hemorrhagic fever virus.
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boundaries have no impact on ecology or transmission of CCHFV; 
however, there may be significant differences among adjacent ecological 
niches and ecotypes. It is possible that CCHFV may be considered 
endemic in two countries, one with a uniform distribution of the virus 
and another with only one hotspot. Our precautionary assumption was 
that countries neighboring CCHFV-endemic countries would be endemic 
as well, but perhaps that is not the case. As a next step, our current risk 
assessment study could be fine-tuned via extensive ecological niche 
modelling, integrating diverse spatial data (e.g., climate, environment, 
tick, animal and human population) in collaboration with other agencies 
to design a comprehensive predictive niche model.

CONCLUSIONS

CCHF is an emerging public health concern in Europe with the po
tential to cause severe outbreaks in previously unaffected areas. Un
derstanding the epidemiological and epizootiological trends and 
patterns of CCHFV and the factors contributing to its spread is essential 
in developing effective prevention, response, and containment strate
gies. High-risk countries should be prioritized for expanding diagnostic 
capabilities and surveillance tools. Collaborative efforts and establishing 
a CCHFV community network in Europe will be of paramount impor
tance for establishment of improved surveillance systems and public 
awareness campaigns that are crucial to get ahead of, and possibly 
prevent, future catastrophes.

ACKNOWLEDGEMENTS

We thank Anya Crane (Integrated Research Facility at Fort Detrick, 
Division of Clinical Research, National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, Frederick, MD, USA) for critically 
editing the manuscript.

This work was supported in part through a Laulima Government 
Solutions, LLC, prime contract with the U.S. National Institute of Allergy 
and Infectious Diseases (Contract No. HHSN272201800013C). J.H.K. 
performed this work as an employee of Tunnell Government Services 
(TGS), a subcontractor of Laulima Government Solutions, LLC, under 
Contract No. HHSN272201800013C.

The views and conclusions contained in this document are those of 
the authors and should not be interpreted as necessarily representing the 
official policies, either expressed or implied, of the U.S. Department of 
Health and Human Services, the U.S. Department of Defense, and U.S. 
Department of the Army, or of the institutions and companies affiliated 
with the authors, nor does mention of trade names, commercial prod
ucts, or organizations imply endorsement by the U.S. Government.

REFERENCES

Ahmeti, S., Raka, L., 2006. Crimean-congo haemorrhagic fever in Kosova : a fatal case 
report. Virol. J. 3, 85.

Ahmeti, S., Ajazaj-Berisha, L., Halili, B., Shala, A., 2014. Acute arthritis in Crimean- 
Congo hemorrhagic fever. J. Global Infect. Dis. 6, 79–81.

Ahmeti, S., Berisha, L., Halili, B., Ahmeti, F., von Possel, R., Thom�e-Bolduan, C., 
Michel, A., Priesnitz, S., Reisinger, E.C., Günther, S., Krüger, A., Sherifi, K., 
Jakupi, X., Hemmer, C.J., Emmerich, P., 2019. Crimean-Congo hemorrhagic fever, 
Kosovo, 2013–2016. Emerg. Infect. Dis. 25, 321–324.

Ajazaj-Berisha, L., Ahmeti, S., Namani, S., Qehaja-Buçaj, E., Halili, B., 2014. Epidemit€e 
familjare t€e etheve hemorragjike Krime Kongo n€e Kosov€e. Medicus 19, 344–349.

Ajazaj-Berisha, L., Halili, B., Ndrejaj, V., Sherifi, K., Jakupi, X., Priesnitz, S., Hemmer, C. 
J., Ahmeti, S., Emmerich, P., 2025. Crimean-Congo hemorrhagic fever mimicking 
HELLP syndrome in a pregnant woman and her infant in Kosovo: a case report. 
Viruses 17, 178.

Akimov, I.A., Nebogatkin, I.V., 2011. Distribution of the ixodid tick Hyalomma 
marginatum (Ixodoidea, Ixodidae) in Ukraine. Vestn. Zool. 45, 371–374.

Aleksandrova, N.I., Christova, I., Dimitrov, D., Marinov, M.P., Panayotova, E., 
Trifonova, I., Taseva, E., Gladnishka, T., Kamenov, G., Ilieva, M., 2021. Records of 
ixodid ticks on wild birds in Bulgaria. Probl. Infect. Parasit. Dis. 49, 35–39.

�Alvarez, A., 2024. Se Confirma El Primer Caso del A~no De Fiebre Hemorr�agica De Crimea- 
Congo En Salamanca. https://www.salamanca24horas.com/local/se-confirma-primer 
-caso-fiebre-hemorragica-crimea-congo-en-salamanca_15112100_102.html.

Antoniadis, A., Casals, J., 1982. Serological evidence of human infection with Congo- 
Crimean hemorrhagic fever virus in Greece. Am. J. Trop. Med. Hyg. 31, 1066–1067.

Antoniadis, A., Alexiou-Daniel, S., Malissiovas, N., Doutsos, J., Polyzoni, T., LeDuc, J.W., 
Peters, C.J., Saviolakis, G., 1990. Seroepidemiological survey for antibodies to 
arboviruses in Greece. In: Calisher, C.H. (Ed.), Hemorrhagic Fever with Renal 
Syndrome, Tick-and Mosquito-Borne Viruses. Archives of Virology Supplementa, 1. 
Springer-Verlag, Vienna, Austria, pp. 277–285.

Av�si�c-�Zupanac, T., Petrovec, M., Jelov�sek, M., Strle, F., 1995. Medicinsko pomembni 
arbovirusi v Sloveniji. Zdr. Vestn. 64 (Suppl III), 15–19.

Av�si�c-�Zupanc, T., 2007. Epidemiology of Crimean-Congo hemorrhagic fever in the 
Balkans. In: Ergonul, O., Whitehouse, C.A. (Eds.), Crimean-Congo Hemorrhagic 
Fever: a Global Perspective. Springer, Dordrecht, Netherlands, pp. 75–88.

Avsic-Zupanc, T., Jelovsek, M., Strle, F., Rossi, C.A., Leduc, J.W., 1992. Prevalence of 
arbovirus antibodies in sera of Slovenian woodworkers. Am. J. Trop. Med. Hyg. 47 
(Suppl 4), 138.

Avsic-Zupanc, T., Ahmeti, S., Petrovec, M., Rossi, C.A., 1999. Retrospective analysis of an 
outbreak of Crimean-Congo hemorrhagic fever in the Kosovo during 1991-1992. Am. 
J. Trop. Med. Hyg. 61 (Suppl 3), 318–319.

Av�si�c-�Zupanc, T., Petrovec, M., Duh, D., Dedushaj, I., Ahmeti, S., 2002. Abstracts of the 
12th International Congress of Virology "The World of Microbes". Joint meeting of 
the three divisions of International Union of Microbiological Societies, Paris, France. 
July 27 – August 1. 

Bah, M.T., Grosbois, V., Stachurski, F., Mu~noz, F., Duhayon, M., Rakotoarivony, I., 
Appelgren, A., Calloix, C., Noguera, L., Mouillaud, T., Andary, C., Lancelot, R., 
Huber, K., Garros, C., Leblond, A., Vial, L., 2022. The Crimean-Congo haemorrhagic 
fever tick vector Hyalomma marginatum in the south of France: modelling its 
distribution and determination of factors influencing its establishment in a newly 
invaded area. Transbound. Emerg. Dis. 69, e2351–e2365.

Barr, D.A., Aitken, C., Bell, D.J., Brown, C.S., Cropley, I., Dawood, N., Hopkins, S., 
Jacobs, M., Jeffs, B., MacConnachie, A., Mulvaney, D.W., Nicol, E., Fox, R., 2013. First 
confirmed case of Crimean-Congo haemorrhagic fever in the UK. Lancet 382, 1458.

Barthel, R., Mohareb, E., Younan, R., Gladnishka, T., Kalvatchev, N., Moemen, A., Mansour, S. 
S., Rossi, C., Schoepp, R., Christova, I., 2014. Seroprevalance of Crimean-Congo 
haemorrhagic fever in Bulgarian livestock. Biotechnol. Biotechnol. Equip. 28, 540–542.

Bartolini, B., Gruber, C.E.M., Koopmans, M., Av�si�c, T., Bino, S., Christova, I., Grunow, R., 
Hewson, R., Korukluoglu, G., Lemos, C.M., Mirazimi, A., Papa, A., Sanchez-Seco, M. 
P., Sauer, A.V., Zeller, H., Nisii, C., Capobianchi, M.R., Ippolito, G., Reusken, C.B., Di 
Caro, A., 2019. Laboratory management of Crimean-Congo haemorrhagic fever virus 
infections: perspectives from two European networks. Euro Surveill. 24, 1800093.

Battisti, E., Urach, K., Hod�zi�c, A., Fusani, L., Hufnagl, P., Felsberger, G., Ferroglio, E., 
Duscher, G.G., 2020. Zoonotic pathogens in ticks from migratory birds, Italy. Emerg. 
Infect. Dis. 26, 2986–2988.

Baz-Flores, S., Herraiz, C., Peralbo-Moreno, A., Barral, M., Arnal, M.C., Balseiro, A., 
Cano-Terriza, D., Castro-Scholten, S., Cevidanes, A., Conde-Lizarralde, A., Cuadrado- 
Matías, R., Escribano, F., de Luco, D.F., Fidalgo, L.E., Hermoso-de Mendoza, J., 
Fandos, P., G�omez-Guillam�on, F., Granados, J.E., Jim�enez-Martín, D., L�opez- 
Olvera, J.R., Martín, I., Martínez, R., Mentaberre, G., García-Bocanegra, I., Ruiz- 
Fons, F., 2024. Mapping the risk of exposure to Crimean-Congo haemorrhagic fever 
virus in the Iberian Peninsula using Eurasian wild boar (Sus scrofa) as a model. Ticks 
Tick Borne Dis 15, 102281.

Ba _zan�ow, B.A., Paco�n, J., Gadzala, Ł., Frącka, A., Welz, M., Paweska, J., 2017. Vector 
and serologic survey for Crimean-Congo hemorrhagic fever virus in Poland. Vector 
Borne Zoonotic Dis. 17, 510–513.

Belij-Rammerstorfer, S., Limon, G., Maze, E.A., Hannant, K., Hughes, E., Tchakarova, S. 
R., Alexandrov, T., Mmbaga, B.T., Willett, B., Booth, G., Lyons, N.A., Baker, N., 
Thomas, K.M., Wright, D., Saunders, J., Browning, C., Wilsden, G., Carroll, M., 
Hewson, R., Charleston, B., Lambe, T., Ludi, A.B., 2022. Development of anti- 
crimean-congo hemorrhagic fever virus Gc and NP-specific ELISA for detection of 
antibodies in domestic animal sera. Front. Vet. Sci. 9, 913046.

Bernard, C., Holzmuller, P., Bah, M.T., Bastien, M., Combes, B., Jori, F., Grosbois, V., 
Vial, L., 2022. Systematic review on Crimean-Congo hemorrhagic fever enzootic 
cycle and factors favoring virus transmission: special focus on France, an apparently 
free-disease area in Europe. Front. Vet. Sci. 9, 932304.

Bernard, C., Joly Kukla, C., Rakotoarivony, I., Duhayon, M., Stachurski, F., Huber, K., 
Giupponi, C., Zortman, I., Holzmuller, P., Pollet, T., Jeanneau, M., Mercey, A., 
Vachiery, N., Lefrancois, T., Garros, C., Michaud, V., Comtet, L., Despois, L., 
Pourquier, P., Picard, C., Journeaux, A., Thomas, D., Godard, S., Moissonnier, E., 
Mely, S., Sega, M., Pannetier, D., Baize, S., Vial, L., 2024. Detection of Crimean- 
Congo haemorrhagic fever virus in Hyalomma marginatum ticks, southern France, 
May 2022 and April 2023. Euro Surveill. 29, 2400023.

Bernard, C., Apolloni, A., Grosbois, V., Peyraud, A., Saengram, P., Jori, F., Faure, E., 
Keck, N., Pin, R., Ferraris, O., Comtet, L., Combes, B., Bastien, M., Chauvin, V., 
Guerrini, L., Holzmuller, P., Vial, L., 2025. First detection of Crimean Congo 
Hemorrhagic Fever antibodies in cattle and wild fauna of southern continental 
France: investigation of explicative factors. bioRxiv: 2025.2002.2006.636810.

Biberaj, P., 2015. Ethet hemorragjike t€e Kongo-Krimes€e n€e Shqip€eri 2005 – 2010. 
Disertacion (Infektologji). Tiran€e, Shqip€eria: Botimet Jozef.

Blair, P.W., Kuhn, J.H., Pecor, D.B., Apanaskevich, D.A., Kortepeter, M.G., Cardile, A.P., 
Polanco Ramos, A., Keshtkar-Jahromi, M., 2019. An emerging biothreat: Crimean- 
Congo hemorrhagic fever virus in Southern and Western Asia. Am. J. Trop. Med. 
Hyg. 100, 16–23.

Boshevska, G., Emmerich, P., von Possel, R., Jancheska, E., Buzharova, T., Kochinski, D., 
T�oth, G.E., Cadar, D., Osmani, D., 2024. Genomic characterization of Orthonairovirus 
haemorrhagiae (Crimean-Congo hemorrhagic fever virus) outbreak in North 
Macedonia. Microbiol Resour Announc 13, e0074924.

M. Fereidouni et al. Virologica Sinica 41 (2026) 493–512

506 

http://refhub.elsevier.com/S1995-820X(25)00173-7/sref1
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref1
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref2
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref2
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref3
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref3
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref3
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref3
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref4
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref4
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref5
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref5
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref5
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref5
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref6
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref6
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref7
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref7
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref7
https://www.salamanca24horas.com/local/se-confirma-primer-caso-fiebre-hemorragica-crimea-congo-en-salamanca_15112100_102.html
https://www.salamanca24horas.com/local/se-confirma-primer-caso-fiebre-hemorragica-crimea-congo-en-salamanca_15112100_102.html
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref9
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref9
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref10
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref10
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref10
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref10
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref10
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref11
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref11
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref12
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref12
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref12
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref13
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref13
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref13
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref14
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref14
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref14
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref15
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref15
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref15
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref15
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref16
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref16
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref16
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref16
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref16
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref16
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref17
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref17
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref17
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref18
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref18
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref18
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref19
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref19
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref19
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref19
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref19
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref20
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref20
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref20
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref21
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref21
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref21
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref21
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref21
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref21
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref21
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref21
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref22
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref22
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref22
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref23
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref23
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref23
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref23
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref23
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref23
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref24
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref24
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref24
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref24
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref25
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref25
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref25
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref25
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref25
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref25
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref25
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref26
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref26
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref26
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref26
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref26
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref27
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref27
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref28
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref28
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref28
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref28
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref29
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref29
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref29
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref29


Boutin, J.-P., Morand, C., Desram�e, J., Corbeille, R., 2002. R�ealisation d’une zone 
d’isolement des malades f�ebriles dans un groupe m�edico-chirurgical en op�eration 
ext�erieure (Kosovo – 2001). Méd. Armées 30, 151–154.

Braks, M., van der Giessen, J., Kretzschmar, M., van Pelt, W., Scholte, E.-J., Reusken, C., 
Zeller, H., van Bortel, W., Sprong, H., 2011. Towards an integrated approach in 
surveillance of vector-borne diseases in Europe. Parasites Vectors 4, 192.

Bratuleanu, B., Anita, A., Temmam, S., Dascalu, A., Crivei, L., Cozma, A., Pourquier, P., 
Savuta, G., Eloit, M., Anita, D., 2022. Seroprevalence of Crimean-Congo hemorrhagic 
fever among small ruminants from southern Romania. Vector Borne Zoonotic Dis. 
22, 397–401.

Cajimat, M.N.B., Rodriguez, S.E., Schuster, I.U.E., Swetnam, D.M., Ksiazek, T.G., 
Habela, M.A., Negredo, A.I., Estrada-Pe~na, A., Barrett, A.D.T., Bente, D.A., 2017. 
Genomic characterization of Crimean-Congo hemorrhagic fever virus in Hyalomma 
tick from Spain. Vector Borne Zoonotic Dis. 17, 714–719, 2014. 

Capek, M., Literak, I., Kocianova, E., Sychra, O., Najer, T., Trnka, A., Kverek, P., 2014. 
Ticks of the Hyalomma marginatum complex transported by migratory birds into 
central Europe. Ticks Tick Borne Dis. 5, 489–493.

Carrera-Faja, L., Cardells, J., Pailler-García, L., Lizana, V., Alfaro-Deval, G., Espunyes, J., 
Napp, S., Cabez�on, O., 2022. Evidence of prolonged Crimean-Congo hemorrhagic 
fever virus endemicity by retrospective serosurvey, eastern Spain. Emerg. Infect. Dis. 
28, 1031–1034.

Castillo-Contreras, R., Magen, L., Birtles, R., Varela-Castro, L., Hall, J.L., Conejero, C., 
Aguilar, X.F., Colom-Cadena, A., Lavín, S., Mentaberre, G., L�opez-Olvera, J.R., 2022. 
Ticks on wild boar in the metropolitan area of Barcelona (Spain) are infected with 
spotted fever group rickettsiae. Transbound. Emerg. Dis. 69, e82–e95.

Ceianu, C.S., Panculescu-Gatej, R.I., Coudrier, D., Bouloy, M., 2012. First serologic 
evidence for the circulation of Crimean-Congo hemorrhagic fever virus in Romania. 
Vector Borne Zoonotic Dis. 12, 718–721.

Celina, S.S., �Cerný, J., Samy, A.M., 2023. Mapping the potential distribution of the 
principal vector of Crimean-Congo haemorrhagic fever virus Hyalomma marginatum 
in the old world. PLoS Neglected Trop. Dis. 17, e0010855.

Chinikar, S., Ghiasi, S.M., Moradi, M., Goya, M.M., Shirzadi, M.R., Zeinali, M., 
Meshkat, M., Bouloy, M., 2010. Geographical distribution and surveillance of 
Crimean-Congo hemorrhagic fever in Iran. Vector Borne Zoonotic Dis. 10, 705–708.

Chitimia-Dobler, L., Nava, S., Bestehorn, M., Dobler, G., W€olfel, S., 2016. First detection 
of Hyalomma rufipes in Germany. Ticks Tick Borne Dis. 7, 1135–1138.

Chitimia-Dobler, L., Schaper, S., Rieß, R., Bitterwolf, K., Frangoulidis, D., Bestehorn, M., 
Springer, A., Oehme, R., Drehmann, M., Lindau, A., Mackenstedt, U., Strube, C., 
Dobler, G., 2019. Imported Hyalomma ticks in Germany in 2018. Parasites Vectors 
12, 134.

Christova, I., Di Caro, A., Papa, A., Castilletti, C., Andonova, L., Kalvatchev, N., 
Papadimitriou, E., Carletti, F., Mohareb, E., Capobianchi, M.R., Ippolito, G., 
Rezza, G., 2009. Crimean-Congo hemorrhagic fever, southwestern Bulgaria. Emerg. 
Infect. Dis. 15, 983–985.

Christova, I., Tasseva, E., Nacheva, J., Kovacheva, T., Trifonova, I., Gladnishka, T., 
Ivanova, V., 2010. Antibody response follow-up after vaccination of humans with 
Bulgarian Crimean Congo haemorrhagic fever virus vaccine. C. R. Acad. Bulg. Sci. 
63, 1815–1822.

Christova, I., Gladnishka, T., Taseva, E., Kalvatchev, N., Tsergouli, K., Papa, A., 2013a. 
Seroprevalence of Crimean-Congo hemorrhagic fever virus, Bulgaria. Emerg. Infect. 
Dis. 19, 177–179.

Christova, I., Younan, R., Taseva, E., Gladnishka, T., Trifonova, I., Ivanova, V., Spik, K., 
Schmaljohn, C., Mohareb, E., 2013b. Hemorrhagic fever with renal syndrome and 
Crimean-Congo hemorrhagic fever as causes of acute undifferentiated febrile illness 
in Bulgaria. Vector Borne Zoonotic Dis. 13, 188–192.

Christova, I., Panayotova, E., Trifonova, I., Taseva, E., Hristova, T., Ivanova, V., 2017a. 
Country-wide seroprevalence studies on Crimean-Congo hemorrhagic fever and 
hantavirus infections in general population of Bulgaria. J. Med. Virol. 89, 
1720–1725.

Christova, I.S., Trifonova, I.P., Panayotova, E.Z., Taseva, E.I., Ivanova, V.N., 
Gladnishka, T.K., 2017b. Viral zoonoses in humans (zooanthroponoses) with similar 
clinical manifestation. Acta Zool. Bulg. 69 (Suppl 8), 227–230.

Christova, I., Panayotova, E., Groschup, M.H., Trifonova, I., Tchakarova, S., Sas, M.A., 
2018. High seroprevalence for Crimean-Congo haemorrhagic fever virus in 
ruminants in the absence of reported human cases in many regions of Bulgaria. Exp. 
Appl. Acarol. 75, 227–234.

CiTIQUE, 2024. Citique | Des Citoyens Et Des Tiques. https://www.citique.fr/.
Conger, N.G., Paolino, K.M., Osborn, E.C., Rusnak, J.M., Günther, S., Pool, J., Rollin, P. 

E., Allan, P.F., Schmidt-Chanasit, J., Rieger, T., Kortepeter, M.G., 2015. Health care 
response to CCHF in US soldier and nosocomial transmission to health care 
providers, Germany, 2009. Emerg. Infect. Dis. 21, 23–31.

Cuadrado-Matías, R., Baz-Flores, S., Peralbo-Moreno, A., Herrero-García, G., Risalde, M. 
A., Barroso, P., Jim�enez-Ruiz, S., Ruiz-Rodriguez, C., Ruiz-Fons, F., 2022a. 
Determinants of Crimean-Congo haemorrhagic fever virus exposure dynamics in 
Mediterranean environments. Transbound. Emerg. Dis. 69, 3571–3581.

Cuadrado-Matías, R., Cardoso, B., Sas, M.A., García-Bocanegra, I., Schuster, I., Gonz�alez- 
Barrio, D., Reiche, S., Mertens, M., Cano-Terriza, D., Casades-Marti, L., Jim�enez- 
Ruiz, S., Martínez-Guijosa, J., Fierro, Y., G�omez-Guillam�on, F., Gort�azar, C., 
Acevedo, P., Groschup, M.H., Ruiz-Fons, F., 2022b. Red deer reveal spatial risks of 
Crimean-Congo haemorrhagic fever virus infection. Transbound. Emerg. Dis. 69, 
e630–e645.

Cuadrado-Matías, R., Casades-Martí, L., Peralbo-Moreno, A., Baz-Flores, S., García- 
Manzanilla, E., Ruiz-Fons, F., 2024. Testing the efficiency of capture methods for 
questing Hyalomma lusitanicum (Acari: ixodidae), a vector of Crimean-Congo 
hemorrhagic fever virus. J. Med. Entomol. 61, 152–165.

De Liberato, C., Frontoso, R., Magliano, A., Montemaggiori, A., Autorino, G.L., Sala, M., 
Bosworth, A., Scicluna, M.T., 2018. Monitoring for the possible introduction of 
Crimean-Congo haemorrhagic fever virus in Italy based on tick sampling on 
migratory birds and serological survey of sheep flocks. Prev. Vet. Med. 149, 47–52.

De�ezsi-Magyar, N., D�enes, B., Nov�ak, B., Zsidei, G., D�eri, D., Henczk�o, J., P�alyi, B., Kis, Z., 
2024. First broad-range serological survey of Crimean-Congo hemorrhagic fever 
among Hungarian livestock. Viruses 16, 875.

Defense Pest Management Information Analysis Center, 1993. Disease Vector Ecology 
Profile, second ed. Yugoslav Republics, Washington, DC, USA. https://apps.dtic.mi 
l/sti/pdfs/ADA634225.pdf 

Dreshaj, S., Ahmeti, S., Ramadani, N., Dreshaj, G., Humolli, I., Dedushaj, I., 2016. 
Current situation of Crimean-Congo hemorrhagic fever in Southeastern Europe and 
neighboring countries: a public health risk for the European Union? Trav. Med. 
Infect. Dis. 14, 81–91.

Drosten, C., Minnak, D., Emmerich, P., Schmitz, H., Reinicke, T., 2002. Crimean-Congo 
hemorrhagic fever in Kosovo. J. Clin. Microbiol. 40, 1122–1123.

Duh, D., Saksida, A., Petrovec, M., Dedushaj, I., Av�si�c-�Zupanc, T., 2006. Novel one-step 
real-time RT-PCR assay for rapid and specific diagnosis of Crimean-Congo 
hemorrhagic fever encountered in the Balkans. J. Virol. Methods 133, 175–179.

Duscher, G.G., Hod�zi�c, A., Hufnagl, P., Wille-Piazzai, W., Sch€otta, A.M., Markowicz, M.A., 
Estrada-Pe~na, A., Stanek, G., Allerberger, F., 2018. Adult Hyalomma marginatum tick 
positive for Rickettsia aeschlimannii in Austria, October 2018. Euro Surveill. 23, 1800595.

Duscher, G.G., Kienberger, S., Haslinger, K., Holzer, B., Zimpernik, I., Fuchs, R., 
Schwarz, M., Hufnagl, P., Schiefer, P., Schmoll, F., 2022. Hyalomma spp. in 
Austria—The tick, the climate, the diseases and the risk for humans and animals. 
Microorganisms 10, 1761.

Eltari, E., Zeka, S., Gina, A., Sharofi, F., Stamo, K., 1987. T€e dh€ena epidemiologjike mbi 
disa vatra me ethe hemorragjike n€e vendin ton€e. Rev Mjek (1), 5–9.

Eltari, E., Gina, A., Bitri, T., Sharofi, F., 1993. Some data on Arboviruses, especially tick- 
borne encephalitis. Albania. G Mal Infett Parassit 45, 404–411.

Emmerich, P., von Possel, R., Deschermeier, C., Ahmeti, S., Berisha, L., Halili, B., 
Jakupi, X., Sherifi, K., Messing, C., Borchardt-Loh€olter, V., 2021. Comparison of 
diagnostic performances of ten different immunoassays detecting anti-CCHFV IgM 
and IgG antibodies from acute to subsided phases of Crimean-Congo hemorrhagic 
fever. PLoS Neglected Trop. Dis. 15, e0009280.

England, M.E., Phipps, P., Medlock, J.M., Atkinson, P.M., Atkinson, B., Hewson, R., 
Gale, P., 2016. Hyalomma ticks on northward migrating birds in southern Spain: 
implications for the risk of entry of Crimean-Congo haemorrhagic fever virus to 
Great Britain. J. Vector Ecol. 41, 128–134.

Espunyes, J., Cabez�on, O., Pailler-García, L., Dias-Alves, A., Lobato-Bail�on, L., Marco, I., 
Ribas, M.P., Encinosa-Guzm�an, P.E., Valldeperes, M., Napp, S., 2021. Hotspot of 
Crimean-Congo hemorrhagic fever virus seropositivity in wildlife, northeastern 
Spain. Emerg. Infect. Dis. 27, 2480–2484.

Estrada-Pe~na, A., Palomar, A.M., Santib�a~nez, P., S�anchez, N., Habela, M.A., Portillo, A., 
Romero, L., Oteo, J.A., 2012. Crimean-Congo hemorrhagic fever virus in ticks, 
Southwestern Europe, 2010. Emerg. Infect. Dis. 18, 179–180.

European Centre for Disease Prevention and Control, 2021a. Hyalomma marginatum - 
Current Known Distribution: March 2021. https://www.ecdc.europa.eu/en/publicat 
ions-data/hyalomma-marginatum-current-known-distribution-march-2021.

European Centre for Disease Prevention and Control, 2021b. Surveillance Atlas of 
Infectious Diseases. https://www.ecdc.europa.eu/en/crimean-congo-haemorrhagic 
-fever/surveillance/cases-eu-since-2013.

European Centre for Disease Prevention and Control, 2023a. Cases of Crimean–Congo 
Haemorrhagic Fever in the EU/EEA, 2013–present. https://www.ecdc.europa.eu/ 
en/crimean-congo-haemorrhagic-fever/surveillance/cases-eu-since-2013.

European Centre for Disease Prevention and Control, 2023b. Hyalomma marginatum - 
Current Known Distribution: March 2023. https://www.ecdc.europa.eu/en/publicat 
ions-data/hyalomma-marginatum-current-known-distribution-march-2023.

European Centre for Disease Prevention and Control, 2023c. Tick Maps. https://www.ec 
dc.europa.eu/en/disease-vectors/surveillance-and-disease-data/tick-maps.

Fajs, L., Humolli, I., Saksida, A., Knap, N., Jelov�sek, M., Korva, M., Dedushaj, I., Av�si�c- 
�Zupanc, T., 2014. Prevalence of Crimean-Congo hemorrhagic fever virus in healthy 
population, livestock and ticks in Kosovo. PLoS One 9, e110982.

Fanelli, A., Buonavoglia, D., Lanave, G., Monaco, F., Quaranta, V., Catanzariti, R., Ruiz- 
Fons, F., Buonavoglia, C., 2022. First serological evidence of Crimean-Congo 
haemorrhagic fever virus in transhumant bovines in Italy. Transbound. Emerg. Dis. 
69, 4022–4027.

Fanelli, A., Schnitzler, J.C., De Nardi, M., Donachie, A., Capua, I., Lanave, G., 
Buonavoglia, D., Caceres-Soto, P., Tizzani, P., 2023. Epidemic intelligence data of 
Crimean-Congo haemorrhagic fever, European Region, 2012 to 2022: a new 
opportunity for risk mapping of neglected diseases. Euro Surveill. 28, 2200542.

Fereidouni, M., Apanaskevich, D.A., Pecor, D.B., Pshenichnaya, N.Y., Abuova, G.N., 
Tishkova, F.H., Bumburidi, Y., Zeng, X., Kuhn, J.H., Keshtkar-Jahromi, M., 2023. 
Crimean-Congo hemorrhagic fever virus in Central, Eastern, and South-eastern Asia. 
Virol. Sin. 38, 171–183.

Fern�andez de Mera, I.G., Chaligiannis, I., Hern�andez-Jarguín, A., Villar, M., Mateos- 
Hern�andez, L., Papa, A., Sotiraki, S., Ruiz-Fons, F., Cabezas-Cruz, A.,C.G., de la 
Fuente, J., 2017. Combination of RT-PCR and proteomics for the identification of 
Crimean-Congo hemorrhagic fever virus in ticks. Heliyon 3, e00353.

Filipe, A.R., Calisher, C.H., Lazuick, J., 1985. Antibodies to Congo-Crimean 
haemorrhagic fever, Dhori, Thogoto and Bhanja viruses in southern Portugal. Acta 
Virol. 29, 324–328.

Fletcher, T.E., Gulzhan, A., Ahmeti, S., Al-Abri, S.S., Asik, Z., Atilla, A., Beeching, N.J., 
Bilek, H., Bozkurt, I., Christova, I., Duygu, F., Esen, S., Khanna, A., Kader, C., 
Mardani, M., Mahmood, F., Mamuchishvili, N., Pshenichnaya, N., Sunbul, M., 

M. Fereidouni et al. Virologica Sinica 41 (2026) 493–512

507 

http://refhub.elsevier.com/S1995-820X(25)00173-7/sref30
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref30
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref30
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref31
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref31
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref31
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref32
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref32
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref32
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref32
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref33
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref33
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref33
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref33
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref34
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref34
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref34
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref35
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref35
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref35
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref35
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref36
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref36
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref36
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref36
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref37
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref37
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref37
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref38
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref38
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref38
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref39
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref39
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref39
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref40
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref40
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref41
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref41
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref41
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref41
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref42
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref42
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref42
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref42
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref43
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref43
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref43
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref43
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref44
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref44
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref44
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref45
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref45
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref45
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref45
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref46
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref46
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref46
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref46
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref47
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref47
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref47
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref48
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref48
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref48
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref48
https://www.citique.fr/
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref50
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref50
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref50
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref50
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref51
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref51
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref51
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref51
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref52
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref52
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref52
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref52
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref52
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref52
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref53
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref53
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref53
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref53
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref54
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref54
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref54
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref54
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref55
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref55
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref55
https://apps.dtic.mil/sti/pdfs/ADA634225.pdf
https://apps.dtic.mil/sti/pdfs/ADA634225.pdf
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref57
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref57
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref57
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref57
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref58
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref58
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref59
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref59
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref59
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref60
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref60
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref60
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref61
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref61
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref61
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref61
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref62
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref62
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref63
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref63
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref64
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref64
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref64
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref64
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref64
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref65
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref65
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref65
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref65
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref66
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref66
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref66
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref66
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref67
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref67
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref67
https://www.ecdc.europa.eu/en/publications-data/hyalomma-marginatum-current-known-distribution-march-2021
https://www.ecdc.europa.eu/en/publications-data/hyalomma-marginatum-current-known-distribution-march-2021
https://www.ecdc.europa.eu/en/crimean-congo-haemorrhagic-fever/surveillance/cases-eu-since-2013
https://www.ecdc.europa.eu/en/crimean-congo-haemorrhagic-fever/surveillance/cases-eu-since-2013
https://www.ecdc.europa.eu/en/crimean-congo-haemorrhagic-fever/surveillance/cases-eu-since-2013
https://www.ecdc.europa.eu/en/crimean-congo-haemorrhagic-fever/surveillance/cases-eu-since-2013
https://www.ecdc.europa.eu/en/publications-data/hyalomma-marginatum-current-known-distribution-march-2023
https://www.ecdc.europa.eu/en/publications-data/hyalomma-marginatum-current-known-distribution-march-2023
https://www.ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/tick-maps
https://www.ecdc.europa.eu/en/disease-vectors/surveillance-and-disease-data/tick-maps
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref73
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref73
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref73
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref74
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref74
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref74
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref74
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref75
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref75
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref75
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref75
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref76
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref76
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref76
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref76
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref77
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref77
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref77
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref77
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref78
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref78
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref78
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref79
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref79
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref79


Yalcin, T.Y., Leblebicioglu, H., 2017. Infection prevention and control practice for 
Crimean-Congo hemorrhagic fever-A multi-center cross-sectional survey in Eurasia. 
PLoS One 12, e0182315.

F€oldes, F., Madai, M., N�emeth, V., Zana, B., Papp, H., Kemenesi, G., Bock-Marquette, I., 
Horv�ath, G., Herczeg, R., Jakab, F., 2019. Serologic survey of the Crimean-Congo 
haemorrhagic fever virus infection among wild rodents in Hungary. Ticks Tick Borne 
Dis. 10, 101258.

F€oldv�ari, G., Rig�o, K., Jablonszky, M., Bir�o, N., Majoros, G., Moln�ar, V., T�oth, M., 2011. 
Ticks and the city: ectoparasites of the Northern white-breasted hedgehog (Erinaceus 
roumanicus) in an urban park. Ticks Tick Borne Dis 2, 231–234.

F€oldv�ari, G., Szab�o, E., T�oth, G.E., Lanszki, Z., Zana, B., Varga, Z., Kemenesi, G., 2022. 
Emergence of Hyalomma marginatum and Hyalomma rufipes adults revealed by citizen 
science tick monitoring in Hungary. Transbound. Emerg. Dis. 69, e2240–e2248.

F€oldv�ari, G., Tauber, Z., T�oth, G.E., Cadar, D., Bialonski, A., Horv�ath, B., Szab�o, �E., 
Lanszki, Z., Zana, B., Varga, Z., F€oldes, F., Kemenesi, G., 2024. Genomic 
characterization of Volzhskoe tick virus (Bunyaviricetes) from a Hyalomma 
marginatum tick, Hungary. Sci. Rep. 14, 18945.

Freitas, N., Legros, V., Cosset, F.-L., 2022. Crimean-Congo hemorrhagic fever: a growing 
threat to Europe. C. R. Biol. 345, 17–36.

Gale, P., Estrada-Pe~na, A., Martinez, M., Ulrich, R.G., Wilson, A., Capelli, G., Phipps, P., 
de la Torre, A., Mu~noz, M.J., Dottori, M., Mioulet, V., Fooks, A.R., 2010. The 
feasibility of developing a risk assessment for the impact of climate change on the 
emergence of Crimean-Congo haemorrhagic fever in livestock in Europe: a review. 
J. Appl. Microbiol. 108, 1859–1870.

Gale, P., Stephenson, B., Brouwer, A., Martinez, M., de la Torre, A., Bosch, J., Foley- 
Fisher, M., Bonilauri, P., Lindstr€om, A., Ulrich, R.G., de Vos, C.J., Scremin, M., 
Liu, Z., Kelly, L., Mu~noz, M.J., 2012. Impact of climate change on risk of incursion of 
Crimean-Congo haemorrhagic fever virus in livestock in Europe through migratory 
birds. J. Appl. Microbiol. 112, 246–257.

García, Rada A., 2016. First outbreak of Crimean-Congo haemorrhagic fever in western 
Europe kills one man in Spain. BMJ 354, i4891.

Gargili, A., Estrada-Pe~na, A., Spengler, J.R., Lukashev, A., Nuttall, P.A., Bente, D.A., 
2017. The role of ticks in the maintenance and transmission of Crimean-Congo 
hemorrhagic fever virus: a review of published field and laboratory studies. Antivir. 
Res. 144, 93–119.

Gergova, I., Kamarinchev, B., 2013. Comparison of the prevalence of Crimean-Congo 
hemorrhagic fever virus in endemic and non-endemic Bulgarian locations. J. Vector 
Borne Dis. 50, 265–270.

Gergova, I., Kamarinchev, B., 2014. Seroprevalence of Crimean-Congo hemorrhagic 
fever in southeastern Bulgaria. Jpn. J. Infect. Dis. 67, 397–398.

Gergova, I., Kunchev, M., Kamarinchev, B., 2012. Crimean-Congo hemorrhagic fever 
virus-tick survey in endemic areas in Bulgaria. J. Med. Virol. 84, 608–614.

Gligi�c, A., Stamatovi�c, ǈ, Stojanovi�c, R., Obradovi�c, M., Boskovi�c, R., 1977. Prva izolacija 
virusa krimske hemoragi�cne groznice u Jugoslaviji. Vojnosanit. Pregl. 34, 318–321.

Goletic, T., Satrovic, L., Softic, A., Omeragic, J., Goletic, S., Soldo, D.K., Spahic, A.K., 
Zuko, A., Satrovic, E., Alic, A., 2022. Serologic and molecular evidence for 
circulation of Crimean-Congo hemorrhagic fever virus in ticks and cattle in Bosnia 
and Herzegovina. Ticks Tick Borne Dis 13, 102004.

Grandi, G., Chitimia-Dobler, L., Choklikitumnuey, P., Strube, C., Springer, A., Albihn, A., 
Jaenson, T.G.T., Omazic, A., 2020. First records of adult Hyalomma marginatum and 
H. rufipes ticks (Acari: Ixodidae) in Sweden. Ticks Tick Borne Dis 11, 101403.

Grashchenkov, N.I., 1945. Investigations of Etiology, Pathogenesis, and Clinical 
Symptomatology of Crimean Hemorrhagic Fever. Reports on the 1944 Scientific 
Investigations of the Institute, of Neurology, pp. 100–107. NAMRU–103 translation 
T1189. 

Grech-Angelini, S., Stachurski, F., Lancelot, R., Boissier, J., Allienne, J.-F., Gharbi, M., 
Uilenberg, G., 2016a. First report of the tick Hyalomma scupense (natural vector of 
bovine tropical theileriosis) on the French Mediterranean island of Corsica. Vet. 
Parasitol. 216, 33–37.

Grech-Angelini, S., Stachurski, F., Lancelot, R., Boissier, J., Allienne, J.-F., Marco, S., 
Maestrini, O., Uilenberg, G., 2016b. Ticks (Acari: Ixodidae) infesting cattle and some 
other domestic and wild hosts on the French Mediterranean island of Corsica. 
Parasites Vectors 9, 582.

Grech-Angelini, S., Lancelot, R., Ferraris, O., Peyrefitte, C.N., Vachiery, N., P�edarrieu, A., 
Peyraud, A., Rodrigues, V., Bastron, D., Libeau, G., Fernandez, B., Holzmuller, P., 
Servan de Almeida, R., Michaud, V., Tordo, N., Comtet, L., M�etras, R., 
Casabianca, F., Vial, L., 2020. Crimean-Congo hemorrhagic fever virus antibodies 
among livestock on Corsica, France, 2014-2016. Emerg. Infect. Dis. 26, 1041–1044.

Hansford, K.M., Carter, D., Gillingham, E.L., Hernandez-Triana, L.M., Chamberlain, J., 
Cull, B., McGinley, L., Paul Phipps, L., Medlock, J.M., 2019. Hyalomma rufipes on an 
untraveled horse: is this the first evidence of Hyalomma nymphs successfully 
moulting in the United Kingdom? Ticks Tick Borne Dis 10, 704–708.

Harxhi, A., Pilaca, A., Delia, Z., Pano, K., Rezza, G., 2005. Crimean-Congo hemorrhagic 
fever: a case of nosocomial transmission. Infection 33, 295–296.

Hekimoglu, O., Elverici, C., Kuyucu, A.C., 2023. Predicting climate-driven distribution 
shifts in Hyalomma marginatum (Ixodidae). Parasitology 150, 883–893.

Heneberg, N., Heneberg, Đ., Milo�sevi�c, J., Dimitrijevi�c, V., 1967. Rasprostraǌenost 
krpeǉa u Autonomnoj pokrajini Kosovo i Metohija. Poseban osvrt na Hyalomma 
plumbeum plumbeum Panzer—Rezervoara i vektora Krimske hemoragi�cne groznice 
�coveka. Zb. Vojnomed. Akad. (Yugosl.) (30), 30–36.

Heneberg, Đ., Heneberg, N., Celina, D., Filipovi�c, D., Markovi�c, �Z., �Zubi, ǅ, �Zivkovic, B., 
Simi�c, M., Zoǌi�c, S., Panteli�c, M., 1968. Krimska hemoragi�cna groznica u 
Jugoslaviji. Vojnosanit. Pregl. 25, 181–184.

Hoffman, T., Lindeborg, M., Barboutis, C., Erciyas-Yavuz, K., Evander, M., Fransson, T., 
Figuerola, J., Jaenson, T.G.T., Kiat, Y., Lindgren, P.-E., Lundkvist, Å., Mohamed, N., 
Moutailler, S., Nystr€om, F., Olsen, B., Salaneck, E., 2018. Alkhurma hemorrhagic 

fever virus RNA in Hyalomma rufipes ticks infesting migratory birds, Europe and Asia 
Minor. Emerg. Infect. Dis. 24, 879–882.

Hoffman, T., Carra, L.G., €Ohagen, P., Fransson, T., Barboutis, C., Piacentini, D., 
Figuerola, J., Kiat, Y., Onrubia, A., Jaenson, T.G.T., Nilsson, K., Lundkvist, Å., 
Olsen, B., 2021. Association between guilds of birds in the African-Western 
palaearctic region and the tick species Hyalomma rufipes, one of the main vectors of 
Crimean-Congo hemorrhagic fever virus. One Health 13, 100349.

Hoogstraal, H., 1979. The epidemiology of tick-borne Crimean-Congo hemorrhagic fever 
in Asia, Europe, and Africa. J. Med. Entomol. 15, 307–417.

Hornok, S., Horv�ath, G., 2012. First report of adult Hyalomma marginatum rufipes (vector 
of Crimean-Congo haemorrhagic fever virus) on cattle under a continental climate in 
Hungary. Parasites Vectors 5, 170.

Hornok, S., Cs€org}o, T., de la Fuente, J., Gyuranecz, M., Privigyei, C., Meli, M.L., 
Kreizinger, Z., G€onczi, E., Fern�andez de Mera, I.G., Hofmann-Lehmann, R., 2013. 
Synanthropic birds associated with high prevalence of tick-borne rickettsiae and 
with the first detection of Rickettsia aeschlimannii in Hungary. Vector Borne Zoonotic 
Dis. 13, 77–83.

Horv�ath, S., 1974. Krími haemorrhagi�as l�az (KHL) elleni antitestek el}ofordul�asa 
Magyarorsz�agon. Orv. Hetil. 115, 1214.

Horv�ath, L.B., 1976. Precipitating antibodies to Crimean haemorrhagic fever virus in 
human sera collected in Hungary. Acta Microbiol. Acad. Sci. Hungar. 23, 331–335.

Hua, B.L., Scholte, F.E.M., Ohlendorf, V., Kopp, A., Marklewitz, M., Drosten, C., 
Nichol, S.T., Spiropoulou, C., Junglen, S., Bergeron, �E., 2020. A single mutation in 
Crimean-Congo hemorrhagic fever virus discovered in ticks impairs infectivity in 
human cells. eLife 9, e50999.

Hub�alek, Z., Rudolf, I., 2012. Tick-borne viruses in Europe. Parasitol. Res. 111, 9–36.
Hub�alek, Z., Sedl�a�cek, P., Estrada-Pe~na, A., Vojtí�sek, J., Rudolf, I., 2020. First record of 

Hyalomma rufipes in the Czech Republic, with a review of relevant cases in other 
parts of Europe. Ticks Tick Borne Dis 11, 101421.

Humolli, I., 2003. Karakteristikat epidemiologjike, serologjike dhe p€ercaktimi i zonave 
endemike p€er Ethen Hemorragjike Krime-Kongo n€e Kosov€e. Disertacion. Universiteti 
i Prishtin€es. Fakulteti i Mjek€esis€e Prishtin€e.

Humolli, I., Dedushaj, I., Avsic Zupanac, T., Muçaj, S., 2010. Epidemiological, serological 
and herd immunity of Crimean-Congo haemorrhagic fever in Kosovo. Med. Arh. 64, 
91–93.

International Society for Infectious Diseases, 2008. Crimean-Congo hem. fever - Greece 
(05): (NE). ProMED archive number 20080823 2631.

International Society for Infectious Diseases, 2011. Crimean-Congo hemorrhagic fever - 
Spain: (EX) infected ticks. ProMED archive number 20111028 3209.

International Society for Infectious Diseases, 2016a. Crimean-Congo hem. fever - Spain 
(04): contact HCW discharged. ProMED archive number: 20160922, 4508260.

International Society for Infectious Diseases, 2016b. Crimean-Congo hem. fever - Spain: 
(CL) autochthonous. 1st rep. ProMED archive number: 20160901, 4458484.

International Society for Infectious Diseases, 2017a. Crimean-Congo hem. fever - Spain 
(02): (CL) emergence. ProMED archive number: 20170717, 5182918.

International Society for Infectious Diseases, 2017b. Crimean-Congo hem. fever - Spain: 
(EX) detection in ticks. ProMED archive number: 20170425, 4989436.

International Society for Infectious Diseases, 2018. Crimean-Congo hem. fever - Spain: 
(CL) fatal. ProMED archive number: 20180811, 5957008.

International Society for Infectious Diseases, 2020a. Crimean-Congo hem. fever - Europe 
(03): spain (CL). ProMED archive number: 20200823, 7684392.

International Society for Infectious Diseases, 2020b. Crimean-Congo hem. fever - Europe: 
turkey, Spain. ProMED archive number: 20200617, 7466015.

International Society for Infectious Diseases, 2021. Crimean-Congo hem. fever - Europe: 
spain (CL). ProMED archive number: 20210504, 8342712.

International Society for Infectious Diseases, 2022. Crimean-Congo hem. fever - Europe 
(05): spain. ProMED archive number: 20220814, 8704955.

Jaenson, T.G., T€alleklint, L., Lundqvist, L., Olsen, B., Chirico, J., Mejlon, H., 1994. 
Geographical distribution, host associations, and vector roles of ticks (Acari: 
Ixodidae, Argasidae) in Sweden. J. Med. Entomol. 31, 240–256.

Jakimovski, D., Grozdanovski, K., Rangelov, G., Pavleva, V., Banovi�c, P., Cabezas- 
Cruz, A., Spasovska, K., 2023. Cases of Crimean-Congo haemorrhagic fever in North 
Macedonia, July to August 2023. Euro Surveill. 28, 2300409.

Jakimovski, D., Banovi�c, P., Spasovska, K., Rangelov, G., Cvetanovska, M., Cana, F., 
Simin, V., Bogdan, I., Mijatovi�c, D., Cvetkovikj, A., Djadjovski, I., Christova, I., 
Meletis, E., Kostoulas, P., Zana, B., Lanszki, Z., G€orf€ol, T., Tauber, Z., Kemenesi, G., 
2025. One health investigation following a cluster of Crimean-Congo haemorrhagic 
fever, North Macedonia, July to November 2023. Euro Surveill. 30, 2400286.

Jameson, L.J., Morgan, P.J., Medlock, J.M., Watola, G., Vaux, A.G.C., 2012a. Importation 
of Hyalomma marginatum, vector of Crimean-Congo haemorrhagic fever virus, into 
the United Kingdom by migratory birds. Ticks Tick Borne Dis 3, 95–99.

Jameson, L.J., Ramadani, N., Medlock, J.M., 2012b. Possible drivers of Crimean-Congo 
hemorrhagic fever virus transmission in Kosova. Vector Borne Zoonotic Dis. 12, 
753–757.

Kadriaj, P., Dhimolea-Kota, M., Velo, E., Mersini, K., Simaku, A., Berxholi, K., Bino, S., 
2018a. Seroepidemiology of CCHF in domestic animals in endemic areas in Albania. 
Acad. J. Interdiscip. Stud. 7, 25.

Kadriaj, P., Velo, E., Kujtim, M., Berxholi, K., Bino, S., 2018b. Monitoring of Congo- 
Crimean haemorrhagic fever vectors during 2010-2013 in Albania. Albanian J. 
Agric. Sci., Special edition 252–256.

Kalvatchev, N., Christova, I., 2012. Current state of Crimean-Congo hemorrhagic fever in 
Bulgaria. Biotechnol. Biotechnol. Equip. 26, 3079–3085.

Kamarinchev, B., Kovacheva, T., Christova, T., Georgieva, G., Zlatanova, V., 1991. 
Studies on mosquitoes and ticks as carriers of alpha-, flavi- and bunyaviruses. In: 
Dusb�abek, F., Bukva, V. (Eds.), Modern Acarology, Vol. II: Proceedings of the VIII 
International Congress of Acarology Held in �Cesk�e Bud�ejovice, Czechoslovakia, 6-11 

M. Fereidouni et al. Virologica Sinica 41 (2026) 493–512

508 

http://refhub.elsevier.com/S1995-820X(25)00173-7/sref79
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref79
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref79
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref80
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref80
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref80
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref80
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref81
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref81
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref81
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref82
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref82
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref82
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref83
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref83
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref83
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref83
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref84
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref84
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref85
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref85
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref85
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref85
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref85
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref86
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref86
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref86
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref86
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref86
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref87
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref87
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref88
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref88
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref88
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref88
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref89
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref89
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref89
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref90
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref90
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref91
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref91
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref92
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref92
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref93
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref93
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref93
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref93
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref94
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref94
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref94
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref95
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref95
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref95
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref95
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref96
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref96
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref96
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref96
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref97
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref97
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref97
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref97
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref98
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref98
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref98
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref98
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref98
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref99
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref99
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref99
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref99
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref100
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref100
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref101
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref101
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref102
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref102
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref102
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref102
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref103
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref103
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref103
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref104
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref104
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref104
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref104
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref104
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref105
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref105
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref105
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref105
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref105
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref106
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref106
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref107
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref107
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref107
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref108
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref108
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref108
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref108
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref108
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref109
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref109
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref110
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref110
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref111
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref111
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref111
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref111
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref112
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref113
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref113
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref113
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref114
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref114
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref114
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref115
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref115
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref115
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref116
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref116
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref117
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref117
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref118
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref118
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref119
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref119
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref120
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref120
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref121
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref121
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref122
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref122
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref123
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref123
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref124
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref124
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref125
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref125
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref126
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref126
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref127
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref127
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref127
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref128
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref128
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref128
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref129
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref129
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref129
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref129
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref129
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref130
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref130
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref130
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref131
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref131
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref131
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref132
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref132
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref132
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref133
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref133
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref133
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref134
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref134
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref135
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref135
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref135
http://refhub.elsevier.com/S1995-820X(25)00173-7/sref135


August 1990. SPB Academic Publishing, Academia, Czechoslovak Academy of 
Sciences, The Hague, Netherlands, pp. 89–92.

Kampen, H., Poltz, W., Hartelt, K., W€olfel, R., Faulde, M., 2007. Detection of a questing 
Hyalomma marginatum marginatum adult female (Acari, Ixodidae) in southern 
Germany. Exp. Appl. Acarol. 43, 227–231.

Keshtkar-Jahromi, M., Kuhn, J.H., Christova, I., Bradfute, S.B., Jahrling, P.B., Bavari, S., 
2011. Crimean-Congo hemorrhagic fever: current and future prospects of vaccines 
and therapies. Antivir. Res. 90, 85–92.

Keshtkar-Jahromi, M., Sajadi, M.M., Ansari, H., Mardani, M., Holakouie-Naieni, K., 
2013. Crimean-Congo hemorrhagic fever in Iran. Antivir. Res. 100, 20–28.

Kevorkyan, A.K., Raycheva, R.D., Komitova RTK, A.I., 2022. Epidemiological forecasting 
of Crimean-Congo haemorrhagic fever in Bulgaria using the ARIMA modelling 
methods. Acta. Zool. Bulg., Suppl 15, 249–255.

Kiwan, P., Masse, S., Piorkowski, G., Ayhan, N., Gasparine, M., Vial, L., Charrel, R.N., de 
Lamballerie, X., Falchi, A., 2024. Crimean-Congo hemorrhagic fever virus in ticks 
collected from cattle, Corsica, France, 2023. Emerg. Infect. Dis. 30, 1036–1039.

Komitova, R., Boykinova, O., Kevorkyan, A., Rangelova, V., Christova, I., 2020. Crimean- 
Congo hemorrhagic fever without bleeding. Arch. Balk. Med. Union 55, 691–695.

Korva, M., Rus, K.R., Pavleti�c, M., Saksida, A., Knap, N., Jelov�sek, M., Smrdel, K.S., 
Jakupi, X., Humolli, I., Dedushaj, J., Petrovec, M., Av�si�c-�Zupanc, T., 2019. 
Characterization of biomarker levels in Crimean-Congo hemorrhagic fever and 
hantavirus fever with renal syndrome. Viruses 11, 686.

Krasniqi, M., Bino, S., 2016a. Characteristics of patients with Crimean-Congo 
hemorrhagic fever in Albania. Eur J Biomed. Life Sci. (2), 29–31.

Krasniqi, M., Bino, S., 2016b. Clinical and laboratory findings of Crimean-Congo 
hemorrhagic fever in Albania in 2013-2015. Int. J. Health Sci. 4, 31–34.

Kr�cmar, S., 2012. Hard ticks (Acari, Ixodidae) of Croatia. ZooKeys 234, 19–57.
Kr�cmar, S., Klobu�car, A., Vucelja, M., Boljfeti�c, M., Ku�cini�c, M., Madi�c, J., Cvek, M., 

Bruvo Mađari�c, B., 2022. DNA barcoding of hard ticks (Ixodidae), notes on 
distribution of vector species and new faunal record for Croatia. Ticks Tick Borne Dis 
13, 101920.

Kuhn, J.H., Adkins, S., Agwanda, B.R., Al, Kubrusli R., Alkhovsky, S.V., Amarasinghe, G. 
K., Tatjana, A.�Z., Ayll�on, M.A., Bahl, J., Balkema-Buschmann, A., Ballinger, M.J., 
Basler, C.F., Bavari, S., Beer, M., Bejerman, N., Bennett, A.J., Bente, D.A., 
Bergeron, �E., Bird, B.H., Blair, C.D., Blasdell, K.R., Blystad, D.-R., Bojko, J., Borth, W. 
B., Bradfute, S., Breyta, R., Briese, T., Brown, P.A., Brown, J.K., Buchholz, U.J., 
Buchmeier, M.J., Bukreyev, A., Burt, F., Büttner, C., Calisher, C.H., Cao, M., Casas, I., 
Chandran, K., Charrel, R.N., Cheng, Q., Chiaki, Y., Chiapello, M., Choi, I.-R., 
Ciuffo, M., Clegg, J.C.S., Crozier, I., Dal B�o, E., de la Torre, J.C., de Lamballerie, X., 
de Swart, R.L., Debat, H., Dheilly, N.M., Di Cicco, E., Di Paola, N., Di Serio, F., 
Dietzgen, R.G., Digiaro, M., Dolnik, O., Drebot, M.A., Drexler, J.F., Dundon, W.G., 
Duprex, W.P., Dürrwald, R., Dye, J.M., Easton, A.J., Ebihara, H., Elbeaino, T., 
Ergünay, K., Ferguson, H.W., Fooks, A.R., Forgia, M., Formenty, P.B.H., Fr�anov�a, J., 
Freitas-Astúa, J., Fu, J., Fürl, S., Gago-Zachert, S., G�ao, G.F., García, M.L., García- 
Sastre, A., Garrison, A.R., Gaskin, T., Gonzalez, J.-P.J., Griffiths, A., Goldberg, T.L., 
Groschup, M.H., Günther, S., Hall, R.A., Hammond, J., Han, T., Hepojoki, J., 
Hewson, R., Hong, J., Hong, N., Hongo, S., Horie, M., Hu, J.S., Hu, T., Hughes, H.R., 
Hüttner, F., Hyndman, T.H., Ilyas, M., Jalkanen, R., Ji�ang, D., Jonson, G.B., 
Junglen, S., Kadono, F., Kaukinen, K.H., Kawate, M., Klempa, B., Klingstr€om, J., 
Kobinger, G., Koloniuk, I., Kond�o, H., Koonin, E.V., Krupovic, M., Kubota, K., 
Kurath, G., Laenen, L., Lambert, A.J., Langevin, S.L., Lee, B., Lefkowitz, E.J., 
Leroy, E.M., Li, S., Li, L., Lǐ, J., Liu, H., Lukashevich, I.S., Maes, P., de Souza, W.M., 
Marklewitz, M., Marshall, S.H., Marzano, S.-Y.L., Massart, S., McCauley, J.W., 
Melzer, M., Mielke-Ehret, N., Miller, K.M., Ming, T.J., Mirazimi, A., Mordecai, G.J., 
Mühlbach, H.-P., Mühlberger, E., Naidu, R., Natsuaki, T., Navarro, J.A., Netesov, S. 
V., Neumann, G., Nowotny, N., Nunes, M.R.T., Olmedo-Velarde, A., Palacios, G., 
Pall�as, V., P�alyi, B., Papa, A., Paraskevopoulou, S., Park, A.C., Parrish, C.R., 
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