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ABSTRACT

Crimean-Congo hemorrhagic fever (CCHF) virus infection is a tick-borne zoonotic disease that is endemic in a
large region of the world and is a potentially fatal disease, especially threatening human health. One of the main
indicators that the disease is endemic in a region is the presence of antibodies specific to CCHFV in animal
populations. Many animal species may carry CCHFV asymptomatically and hence patticipate to the disease's
transmission cycle. Serological studies have shown that equids are important to the survival of CCHFV in nature.
Nevertheless, need for more studies on this subject in Tirkiye. For this study, blood samples were taken from 11
horses and 86 donkeys of different sex and variable ages in the provinces of Afyonkarahisar and Burdur. The
presence of CCHFV-specific antibodies in the blood serum of these animals, which are held by the breeders for a
variety of purposes, was studied. The double-antigen ELISA test method, which is a fast and reliable method, was
used for the detection of specific antibodies. As a result, a total of 51.54% (50/97) seropositivity was detected.
Findings indicate that equidae may play an important role as a reservoir in the epidemiology of CCHFV.
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Tek Tirnakli Hayvanlarda Kirim Kongo Kanamali Atesi Virusu’na Spesifik Antikorlarin Tespiti
oz

Kirim Kongo kanamalr atesi (KKKA) virus enfeksiyonu, diinyanin genis bir bolgesinde endemik olan ve 6zellikle
insan sagligini tehdit eden, potansiyel olarak 6limctl bir hastalik olan kene kaynakli zoonotik bir hastaliktir.
Hastaligin bir bolgede endemik oldugunun ana gostergelerinden biri, hayvan poptlasyonlarinda KKIKAV'ye 6zgi
antikotlarin varhigidir. Bircok hayvan tirit KKKAV'yi asemptomatik olarak tastyabilir ve bu nedenle hastaligin
bulasma dongiisiine katilabilir. Serolojik ¢alismalar, dogada KKIKAV' nin hayatta kalmasi icin tek tirnakldarin
6nemli oldugunu gdstermistir. Ancak Tirkiye’de bu konuda daha fazla ¢aligmaya ihtiyac vardir. Arastirma icin
Afyonkarahisar ve Burdur illerinde ¢esitli cinsiyet ve yastaki 11 at ve 86 esekten kan Srnekleri alindi. Yetistiriciler
tarafindan cesitli amaglarla tutulan bu hayvanlarin kan serumlarinda KKKV'ye 6zgii antikotlarin varhigy arastirilds.
Spesifik antikorlarin tespiti i¢in hizli ve glivenilir bir yontem olan ¢ift antijenli ELISA test yontemi kullanildr.
Sonug olarak toplamda %51.54 (50/97) seroporzitiflik tespit edildi. Bulgular, tek tirnaklt hayvanlarin KKKA'nin
epidemiyolojisinde rezervuar olarak 6énemli bir rol oynayabilecegini géstermektedir.
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INTRODUCTION

Crimean-Congo  hemorrhagic fever virus (CCHFV) is an
enveloped, segmented, and negative-sense single-
stranded RNA virus in the Orthonairovirus genus in the
Nairoviridae family within the order Bunyavirales
(Lombe et al. 2021, Sana et al. 2022). The CCHFV is
a tick-borne wvirus that was named for the
geographical places where it was first characterized in
the Crimea (1944) and recognized in the Congo
(1969) (Bente et al. 2013). CCHFV is the causative
agent of Crimean-Congo hemorrbagic fever (CCHF) in
humans. (Blanco-Penedo et al. 2021). CCHF, is a
zoonotic arboviral disease that poses a great threat to
public health therefore according to the World Health
Organization (WHO), CCHFV is the most
predominant causative agent of viral hemorrhagic
fever outbreaks worldwide (Sorvillo et al. 2020).
Humans and a wide range of other animal species are
at risk of contracting CCHFV (Ali et al. 2019, Ali et
al. 2021, Kaba 2022). It has been reported that
CCHFV can be transmitted to humans through a tick
bite, contact with blood, body fluids, or tissues of a
viremic animal or human (Bente et al. 2013). In
addition, it has been stated that infection can occur in
humans through contact with raw or undercooked
meat after slaughter and through the consumption of
contaminated meat (Fazlalipour et al. 2016, Mostafavi
et al. 2017). In humans, acute CCHF is characterized
by fever, chills, muscular discomfort, headache,
nausea and vomiting, stomach ache, and joint pain.
Ecchymosis and bleeding from the mucous
membranes of the nose and vagina can worsen the
condition in extreme situations. The fatality rate from
CCHF ranges between 9% and 50% on average
(Hawman and Feldmann 2018). Although it is life-
threatening for humans, it generally does not cause
llness in animals that carry it asymptomatically.
However, domestic and wild animals play a crucial
role in the circulation of the virus into new areas by
carrying transovarially infected mature ticks (Spengler
et al. 2016).

It has been reported that CCHF has spread to a wide
geography as far as Africa, Fastern Europe, the
Middle East, and Central and South Asia (Sana et al.
2022). In Turkiye, CCHF cases have also emerged in
western regions as well as in Central Anatolia and the
Black Sea region in recent years (Elald1 2004, Simsek
et al. 2018). More than 30 different species of ticks
from various genera carry the virus in places where
CCHF is endemic (Shahid et al. 2021). The CCHFV
is maintained as a reservoir and spreads by the bites
of Ixodid (hard) ticks, particularly those belonging to
the genus Hyalomma. Tick species have been reported
in the Western Mediterranean regions  of
Afyonkarahisar and Burdur in Tirkiye (Bakirct 2009,
Eser 2012). Among these identified species, there are
also tick species that are effective in the transmission

of CCHFV (Gargili et al. 2017).

In previous studies, it has been reported that
antibodies against CCHF have been detected in many
domestic and wild animals, including cattle, goats,
sheep, horses, pigs, camels, donkeys, mice, dogs,
rabbits, and ostriches (Mangombi et al. 2020,
Spengler et al. 2016, Pak 1972). The presence of
CCHFV antibodies in a diverse host spectrum
indicate that CCHFV is endemic in these areas and
will continue to circulate in nature for many years
(Ceianu et al. 2012). Thus, testing for specific
antibodies against CCHFV by serological tests is
crucial for establishing the fact of current or prior
viral infection. This is the first research ever
conducted on equids in Tirkiye, and the results
provide crucial baseline information on the
prevalence of CCHF in the region. This study is
expected to provide current data on the detection of
antibodies against CCHF in equidae animals such as
horses (Equus caballus) and donkeys (Equns asinus)
bred for various purposes.

MATERIAL and METHOD

Animals

Samples were obtained for this investigation from 11
horses and 86 donkeys used as mounts in rural parts
of Tiurkiye's Western Mediterranean region (Figure 1),
which were used for transportation in livestock and
daily  works.  Anamnesis  information  for
asymptomatic animals was collected from their
owners during sampling. All procedures were
approved by the Animal Ethics Committee (AEC)
Burdur Mehmet Akif University, Tirkiye (102/912,
25.05.22).

Sample Preparation

Vena jugularis was used to collect blood samples into
a sterile, vacuumed kaolin tube. It was transported to
the virology laboratory under cold chain conditions
for analysis on the same day. Serum samples were
transferred to sterile tubes after being centrifuged at
3000 rpm for 10 minutes at room temperature. All
samples were stored at -20°C until analyzed.

ELISA Assay

The detection of antibodies specific to CCHFV in a
total of 97 serum samples was investigated according
to the commercial ELISA kit (ID Screen® CCHF
Double Antigen Multi-species, Grabels, France)
procedure. The diagnostic sensitivity and specificity
of the ELISA kit are %96.8-99.8 and %99.8-100,
respectively (Sas et al. 2018). In summary, after
adding 50 pl of dilution buffer to all wells, 30 pl of
negative and positive controls were placed in 2 wells.
30 ul serum samples were distributed to the
remaining wells.

444



Then, the incubation conditions and procedures
stated in the test procedure were followed. Following
the validation controls, the data were measured in an
ELISA microplate reader at 450 nm and interpreted
based on the optical density (OD) values. OD values
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less than or equal to 30% were defined as negative,
whereas those greater than 30% were regarded as
positive. The detection of CCHFV-specific antibodies
in collected serum samples was recorded.
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Figure 1: Distribution of the samples according to the provinces from which they were obtained and some tick
species reported to be present in these provinces

RESULTS

The distribution of the OD values obtained after the
analysis is shown in Figure 2. Forty-six out of a total
of 86 donkey serum samples were positive for the
presence of the antibody.

A total of fifty animals found to be seropositive,
including 33 females and just 17 males. Four horses
were found to be seropositive out of a total of 11
serum samples. Three of them

found to be seropositive were female, whereas just
one was male. It is found that the average age of male
donkeys was 8.8 years and that of females was 5.2
years, whereas the average age of male horses was 6.9
years and that of females was 5.2 years. Briefly, the
median age of seropositive female animals was lower
than that of seronegative male animals, and the
seroprevalence of female animals was greater than
that of male animals. Overall, 51.54% (50/97) of the
animals tested positive for the presence of the

antibody (Table 1).
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Figure 2: OD values distrubitons. PC: Positive control, NC: Negative control.
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Table 1. Distribution of test results by animal species, sex, and age.

Donkey Horse
Male Female Male Female
Age (Mean) 8.8 52 6.9 52
Total number of samples 31 55 5 6
CCHF positive numbers 16 30 1 3
CCHEF negative numbers 15 25 4 3
Rate of seroprevalance (%) 51.61 54.54 20.0 50.0

DISCUSSION

Human actions, including increasing deforestation,
invasion of natural animal habitats, and climate
change, dramatically enhance the possibility for
exposure and spillover of novel zoonotic diseases like
CCHF. Newer research has also put an emphasis on
the dangers of epidemics and pandemics because of
their potential effects on human health (Aydin et al.
2020, Karamese et al. 2020). When healthcare
authorities like the World Health Organization
(WHO) include zoonotic diseases as CCHFV that
have caused outbreaks on their lists, it demonstrates
the disease's significance for human and animal health
(Gilbtide et al. 2021).

This study is the first to report on the prevalence of
CCHF in equids, located in Tirkiye's Western
Mediterranean region. According to the findings of
this investigation, a total of 51.54% (50/97) were
found to be seropositive, including 53.48% (46/86)
donkeys and just 36.36% (4/11) horses (Table 1).
Recently, in northern Tirkiye, Albayrak et al. (2012)
reported an antibody prevalence of 66% in sheep and
85% in goats. In the Marmara region, Tuncer et al.
(2014) also reported the seroprevalence of CCHFV
was 13% in cattle, 31.8% in sheep, and 66% in goats.
Despite the lack of comparable data from Tirkiye,
only a small number of studies were undertaken on
the other species. Among them, there is no study on
equids about CCHF seroprevalence in Tirkiye. On
the other hand, an investigation conducted in Senegal,
indicated that the CCHF seroprevalence rate was high
in horses but low in donkeys, supporting the results
of the current study (Mangombi et al. 2020). It was
also noted that positive animals had a higher mean
age than negative animals. Even though this research
shows that horses have a high seroprevalence, which
seems to match the results of other studies, we think
that the small number of samples may be misleading.
However, high levels of antibodies were detected in
donkeys in this study. We concluded that the
significant seroprevalence we found was most likely
to be attributed to the length of time these animals
lived and how long the antibodies lasted in their
bodies. When average age is considered, the animals
with positive are younger than the animals with

negative, according to this data. Since young animals
are preferred over old animals in terms of energy and
endurance in daily work, the chance of viral exposure
increases. We believe that high antibody positivity in
young animals is related to this scenario. Donkeys
exposed to tick bites in rural settings are regarded to
be possible sources of CCHF in people (Lwande et al.
2012). Therefore, it has been suggested that animals
such as horses and donkeys play an important role in
the epidemiology of the disease (Ibrahim et al. 2015).
There is also a high potential of tick species transfer
from animals to people in the areas where the
samples  were taken,  Hyalomma  marginatum,
Rhbipicephalus bursa, and so on (Figure 1). The fact that
animals used as transportation in rural areas of these
regions are likely to be exposed to ticks shows that
these animals will play a big role in how CCHFV
spreads.

While studies of the virus are commonly conducted
in high-risk populations or places, the real prevalence
of the disease remains unclear. Despite the fact that
Turkiye was infection-free before the 2000s, it has
become the global "epicenter" of the disease, with
over a hundred new cases in recent years (Ozturk et
al. 2017). In Ttrkiye, particulatly in the Black Sea and
Central Anatolia regions, CCHF is prevalent
(Leblebicioglu et al. 2016). Despite this, new cases
have been reported in the western regions in recent
years due to changing climatic conditions, movement
and trade of infected livestock, and migratory bird
routes (Elaldi 2004, Oztiirk et al. 2017, Simsek et al.
2018). Due to the rising human population in the
Eastern Mediterranean region (Al-Abri et al. 2017),
the favorable circumstances for vectors, and the
migration of animals and wild birds transporting
infected ticks from Syria, Iraq, and Iran, CCHFV has
become endemic in the southwest of Tirkiye. In the
study areas, equids are commonly used for everyday
labor due to the relative ease of access to land, which
in turn increases the likelihood of vector-host
contact. This investigation determined that there were
a high specific antibodies in equidae in the Western
Mediterranean region. The foregoing findings support
the hypothesis that CCHF may be spreading in these
places.
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In many parts of the world, the domestication of
donkeys, mules, and horses was crucial to the
progress of civilisation. These animals have served
numerous purposes for humans throughout history,
including transportation, race, warfare, entertainment,
friendship, labor, and sport. They are still in use for
work today, especially in countries with low and
middling incomes and in places with steep hills. In
Tirkiye, these animals are still used as riding animals,
draught animals in agricultural operations, sources of
power for wheeled vehicles, and pack animals. They
carry firewood, water, grain, hay, and a multitude of
other goods over short distances. They escort sheep
flocks and carry the equipment of shepherds, and a
weak newborn lamb that cannot follow the flock in
rural areas (Yidmaz and Wilson, 2013). These
mentioned events are very common in rural areas,
which increases the chance of being exposed to
vectors like ticks. Thus, it is crucial to study infectious
agents that can be detected in or transmitted by these
animals, for the benefit of both animal and human
health (Alkan et al. 2013, Aydin et al. 2020, Gilbride
et al. 2021; Timurkan et al. 2019). The reason that the
seroprevalence of CCHFV infection is so high in this
study is due to a number of factors, including hot
weather conditions, global warming, the existence of
asymptomatic animals, a continuous movement of
hosts in and out of these regions, their living
conditions, and the fact that horses or donkeys are
kept together with other livestock. The foregoing data
provide support to the hypothesis that equids
contribute significantly to the maintenance of high
CCHFV prevalence despite the fact that they likely do
not act as direct sources of viral transmission in the
same way that viraemic livestock do.

It was found that the incidence of CCHFV infection
during spring-summer was the highest among
samples animals. On the other hand, CCHFV is
considered to be seasonal but can cause infections
because of reservoir animals (Spengler et al. 2016).
The sera samples in this study were collected at spring
and summer seasons, and this could be a factor in the
high seroprevalence because of the high activity of
ticks. In eastern Tirkiye, CCHF cases are often
reported between June and August. However,
western Tturkiye has a longer tick season because of
the warmer and milder weather compared to the east.
This results in a seasonal pattern of vector incidence,
watt the peak occurring between April and
November. The western Turkiye region has recently
become endemic for CCHF. Therefore, it indicates
that the natural foci of CCHFV may spread further to
other provinces in western Turkiye. Furthermore, it is
crucial to take a variety of anti-epidemic actions
targeted at reducing epizootic activity and boosting
population immunity to CCHFV. Even though most
people in the Western Mediterranean provinces live
in cities, they mostly have their own farms where they
grow their requirements of vegetables and fruits.
Although the residents of the region do not farm,

there is an increase in agricultural activity throughout
the spring and summer months for this reason. This
condition also has a high potential for enhancing the
interaction of tick and host (Sorvillo et al 2020). For
future seroprevalence studies that will be done in
both rural and urban areas, like the provinces of
Afyonkarahisar and Burdur, it may be helpful to think
about the routines, ways of life, and interactions of
the rural area. Additionally, it is clear that animal
owners should be informed about such arboviral
diseases and that they need to learn how to deal with
vectors in such rural areas. Ticks, in particular, act as
both mechanical and biological vectors. They allow
pathogens to spread, which leads to re-transmission,
and so they keep infections with them through all of
their life stages. Increased CCHFV instances and
recent environmental changes, such as global
warming, that favored larger tick numbers, suggest
that public health concerns regarding tick-borne
illnesses will become more urgent in the western areas
of Ttrkiye.

CONCLUSION

In endemic regions, CCHF is a threat to anyone who
works closely with animals, including animal herders,
livestock workers, and those who work in
slaughterhouses. Individuals working in healthcare in
endemic regions are at risk of contracting an
infectious disease due to their unprotected contact
with patients' blood and other bodily fluids. Travelers
and locals alike who come into contact with hosts in
endemic areas are at risk. According to the results of
the study, CCHFV has the potential to function in
equidae as a reservoir. We believe that the findings
will aid in future research to manage the disease from
a global public health perspective.

Ethical Permission: All procedures were approved
by the Animal Ethics Committee (AEC) at Burdur
Mehmet Akif University, Turkey (No: 102 / 912).

Acknowledgement: The author would like to thank
Mustafa Ugdiil (DVM) and Oguzhan Kaplan (DVM,
PhD candidate) for field sampling assistance.

REFERENCES

Albayrak H, Ozan E, Kurt M. Serosurvey and molecular
detection of Crimean-Congo hemorrhagic fever virns (CCHFV)
in northern Turkey. Tropical Animal Health and
Production. 2012; 44, 1667-1671.

Ali A, Khan MA, Zahid H, Yaseen PM, Qayash Khan M,
Nawab J, Ur Rehman Z, Ateeq M, Khan S, Ibrahim
M. Seasonal dynamics, record of ticks infesting humans,
wild and domestic animals and molecular phylogeny of
Rhbipicephalus microplus in Khyber Pakhtunkhwa Pakistan.
Frontiers in physiology. 2019; 10:793.

Ali A, Zahid H, Zeb I, Tufail M, Khan S, Haroon M, Tufail
M, Bilal M, Hussain M, Alouffi AS, Muifioz-Leal S,
Labruna MB. Risk factors associated with tick

447



infestations on equids in Khyber Pakhtunkhwa, Pakistan,
with notes on Rickettsia massiliae detection. Parasites &
Vectors. 2021; 14(1):1-12.

Alkan F, Timutkan MO, Karayel I. Rozavirus diarrhea outbreaks
in arabian thoroughbred foals in a stud farm, Turkey.
Kafkas Universitesi Veteriner Fakiiltesi Dergisi. 2013; 19,
141-145

Al-Abri, SS, Al Abaidani I, Fazlalipour M, Mostafavi E,
Leblebicioglu H, Pshenichnaya N, Memish ZA,
Hewson R, Petersen E, Mala P, Nguyen TMN,
Malik MR, Formenty P, Jeffries R. Current status of
Crimean-Congo  haemorrhagic  fever in the World Health
Organization Eastern Mediterranean Region: issues,
challenges, and future directions. International journal of
infectious diseases. 2017; 58, 82-89.

Aydin H, Uyanik MH, Karamese M, Sozdutmaz I,
Timurkan MO, Gulen A, Ozmen E, Aktas O.
Serological Investigation of Occupational Exposure to
Zoonotic Crimean-Congo Hemorrhagic Fever Infection. 2020;
52(2): 132-5.

Bakirct S. Batt Anadolu Bélgesi sigirlarinda gorilen kene tirleri
ve yayginligi. Doktora tezi, Uludag Universitesi Saglik
Bilimleri Enstitiisti, Bursa, 2009.

Bente DA, Forrester NL, Watts DM, McAuley A],
Whitehouse CA, Bray M. Crimean-Congo hemotrrhagic
fever: History, epidemiology, pathogenesis, clinical
syndrome and genetic diversity. Antiviral Research. 2013;
100(1):159-189.

Blanco-Penedo I, Obanda V, Kingori E, Agwanda B, Ahlm
C, Lwande OW. Seroepidemiology of Crimean-Congo
Hemorrhagic Fever 1Virns (CCHEFV) in cattle across three
livestock pastoral regions in Kenya. Dairy. 2021; 2(3):425-
434.

Ceianu CS, Panculescu-Gatej RI, Coudrier D, Bouloy M.
First serologic evidence for the circulation of Crimean-
Congo hemorrhagic fever virus in Romania. Vector Borne
Zoonotic Dis. 2012; 12:718-721.

Elald1 N. Kirim-Kongo hemorajik atesi epidemiyolojisi. Klimik
Derg. 2004; 17:151-155.

Eser M. Afyonkarahisar yoresindeki koyun, ke¢i ve sigirlarda
kene (Ixodidae) infestasyonu {zerine arastirmalar.
Doktora tezi, Afyon Kocatepe Universitesi Saglik
Bilimleri Enstitiisii, Afyonkarahisar, 2012.

Fazlalipour M, Baniasadi V, Mirghiasi SM, Jalali T,
Khakifirouz S, Azad-Manjiri S, Mahmoodi V, Naderi
HR, Zarandi R, Salehi-Vaziri M. Crimean-congo
hemorrhagic fever due to consumption of raw meat: Case
reports from East-North of Iran. Japanese Journal of
Infectious Diseases. 2016; 69(3):270-271.

Gargili A, Estrada-Pefia A, Spengler JR, Lukashev A, Nuttall
PA, Bente DA. The role of ticks in the maintenance and
transmission of Crimean-Congo  hemorrhagic fever virus: A
review of published field and laboratory studies. Antiviral
Research. 2017; 144:93-119.

Gilbride C, Saunders J, Sharpe H, Maze EA, Limon G, Ludi
AB, Lambe T, Belij-Rammerstorfer S. The Integration
of Human and Veterinary Studies for Better
Understanding and Management of Crimean-Congo
Haemorrhagic Fever. 2021; 12: 629636.

Hawman DW, Feldmann H. Recent advances in understanding
Crimean—Congo hemorrhagic fever virns. F1000Research. 2018;
7.

Ibrahim AM, Adam IA, Osman BT, Aradaib IE.
Epidemiological survey of Crimean Congo hemorrbagic fever
virus in cattle in East Darfur State, Sudan. Ticks and tick-
borne diseases. 2015; 6(4):439-444.

Kaba T. Geographical distribution of ixodid ticks and tick-borne
pathogens of domestic animals in Ethiopia: a systematic
review. Parasites & Vectors, 2022; 15(1):1-26.

Karamese M, Ozmen E, Aydin H, Timurkan MO,
Fakirullahoglu M. Molecular characterization of small
and medium segments of Crimean-Congo hemorrhagic fever
virns in Turkey. 2020; 15(4), 247-254.

Leblebicioglu H, Ozaras R, Irmak H, Sencan I. Crimean-
Congo hemorrhagic fever in Turkey: Cutrent status and
future challenges. Antiviral research. 2016; 126:21-34.

Lombe BP, Miyamoto H, Saito T, Yoshida R, Manzoor R,
Kajihara M, Shimojima M, Fukushi S, Morikawa S,
Yoshikawa T, Kurosu T, Saijo M, Tang Q, Masumu
J, Hawman D, Feldmann H, Takada A. Purification
of Crimean—Congo hemorrhagic fever virus nucleoprotein and
its utility for serological diagnosis. Scientific reports.
2021; 11(1):1-11.

Lwande OW, Irura Z, Tigoi C, Chepkorir E, Orindi B,
Musila I, Venter M, Fischer A, Sang R.
Seroprevalence of Crimean Congo hemorrhagic fever virus in
Ijara District, Kenya. Vector Borne Zoonotic Dis. 2012;
12:1-6.

Mangombi JB, Roqueplo C, Sambou M, Dahmani M,
Mediannikov O, Comtet L, Davoust B.
Seroprevalence of Crimean-Congo hemorrhagic fever in
domesticated animals in Northwestern Senegal. Vector-
Borne and Zoonotic Diseases. 2020; 20(10):797-799.

Mostafavi E,; Pourhossein B, Esmaeili S, Amiri FB,
Khakifirouz S, Shah-Hosseini N, Tabatabaei SM.
Seroepidemiology and risk factors of Crimean-Congo
Hemorrhagic Fever among butchers and slaughterhouse
workers in southeastern Iran. International Journal of
Infectious Diseases. 2017; 64:85-89.,

Ozturk SB, Kirdar S, Ertugrul MB, Turan C, Tire M. A New
Endemic Province of Crimean-Congo Haemorrhagic
Fever in Turkey: Aydin/Kirim-Kongo Kanamali Atesi
Icin Yeni Bir Endemik II: Aydin. Klimik Journal. 2017;
30(1), 9-15.

Pak TP. Division into epidemiological districts of Ctimean
haemorrhagic fever (CHF) in the Tadzhik SSR. Zh
Mikrobiol Epidemiol Immunobiol. 1972; 12:112-116.

Sana M, Javed A, Jamal SB, Junaid M, Faheem M.
Development of multivalent vaccine targeting M segment
of Crimean Congo Hemorrhagic Fever Virus (CCHF1’) using
immunoinformatic  approaches. Saudi journal of
biological sciences. 2022; 29(4):2372-2388.

Sas MA, Comtet L, Donnet F, Mertens M, Vatansever Z,
Totdo N, Pourquier P, Groschup MH. A novel
double-antigen sandwich ELISA  for the species-
independent detection of Crimean-Congo hemorrbagic fever
virns-specific antibodies. Antiviral research. 2018; 151:24-
26.

Shahid MF, Yaqub T, Ali M, Ul-Rahman A, Bente DA.
Prevalence and phylogenetic analysis of Crimean-Congo
bemorrhagic fever virus in ticks collected from Punjab
province of Pakistan. Acta Tropica. 2021; 218:105892.

Sorvillo TE, Rodriguez SE, Hudson P, Carey M, Rodriguez
LL, Spiropoulou CF, Bird BH, Spengler JR, Bente
DA. Towards a sustainable one health approach to
crimean—congo hemorrhagic fever prevention: Focus
areas and gaps in knowledge. Trop Med Infect Dis. 2020;
5:113.

Spengler JR, Bergeron E, Rollin PE. Seroepidemiological
studies of Crimean-Congo hemorrhagic fever virus in domestic
and wild animals. PLoS neglected tropical diseases. 2016;
10(1):e0004210.

Simsek C, Ozkan S, Culha G, Salnur B, Yilmaz T, Dizbay
M. Tirkiye'nin Iki flinde Yasayanlarin Kirm Kongo

448



Kanamalt Atesi (KKKA) Hastaligi Konusundaki Bilgi ve
Tutumlart. Saglik ve Toplum. 2018; 28(2):38-46.

Timurkan MO, Aydin H. Cirit Atlarinda Influenza A Virus
Enfeksiyonunun Serolojik ve Molekiiler Yontemletle
Arastirilmast.  Atatiirk  Universitesi  Veteriner Bilimleri
Dergisi. 2019; 14(1), 71-77

Tuncer P, Yesilbag K, Alpay G, Dinger E, Girisgin AO,
Aydin L, Uyar Y, Ozkul A. Crimean-Congo
hemorrhagic fever infection in domestic animals in
Marmara region, Western Turkey. Ankara Universitesi
Veteriner Fakiiltesi Dergisi. 2014; 61(1), 49-53.

Yilmaz O, Wilson RT. The domestic livestock resources of
Turkey: Notes on donkeys. Journal of Animal and Plant
Sciences, 2013; 23(2), 651-656.

449



