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1  INTRODUCTION  

 

Crimean-Congo hemorrhagic fever orthonairovirus (CCFHV) is one of the most 

widespread arthropod-borne zoonotic viruses and is distributed throughout most of the 

African continent, South / Southeast Europe and Asia (Bente et al., 2013). It belongs 

to the family of Nairoviridae and the genus of Orthonairoviruses. Ticks of the genus 

Hyalomma are considered to be the main vector and reservoir for the virus (Gargili et 

al., 2017). Besides the bite of ticks, CCHFV can also be transmitted directly through 

contact with infectious tissues or body fluids of humans or animals. Infected humans 

can develop an Ebola-like disease characterized by severe hemorrhagic fever, 

massive bleedings and shock syndrome. However, human outbreaks occur mainly as 

sporadic individual cases and epidemics are only rarely seen (Bente et al., 2013; 

Ergonul, 2008). In addition, a great number of domesticated and wild mammal species 

are known to be susceptible to the virus, but in contrast, they develop only a short-term 

viremia without clinical symptoms following infection (Spengler et al., 2016a; Spengler 

et al., 2016b). The virus therefore occurs predominantly in rural areas and people 

working in close contact with livestock represent a high-risk group, but the absence of 

clinical manifestations in animals makes it difficult to assess potential risk areas. A first 

indication of CCHFV presence in certain areas can be derived from the detection of 

specific antibodies in different host animals (Spengler et al., 2016a). With few 

exceptions, especially the African countries are under-studied in terms of CCHFV 

epidemiology. Therefore, the main goal of this work presented here was to gain insights 

into the virus ecology as well as the interaction between susceptible livestock and 

vectors in a selected African country. Moreover, the information and data obtained 

should help to shed light on the obscure epidemiological situation.  

Although the first human case in Mauritania (West Africa) already occurred in 1983 

(Saluzzo et al., 1985a) and further outbreaks have been confirmed over the years 

(Gonzalez et al., 1990; Kleib et al., 2016; Nabeth et al., 2004a), only a small number 

of studies on CCHFV in this country have been carried out to date. Interestingly, 

previous seroepidemiological surveys in livestock revealed a large difference between 

the prevalence in cattle (67 %) and sheep (18 %) in Mauritania (Gonzalez et al., 1990; 

Sas et al., 2017a). For this reason, the objective of the first manuscript was to 

investigate potential reasons for the big difference in IgG seroprevalence between 

large and small ruminants based on new serological data. Hence, sera from the most 
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important Mauritanian livestock (cattle, camels, sheep and goats) were examined for 

CCHFV-specific IgG antibodies to assess if a certain species bear a particular risk for 

spreading the virus. The study should also provide an updated overview on the 

antibody prevalence in Mauritania. However, whether the virus actually circulates in a 

certain region can only be confirmed by the direct detection of viral RNA. As 

susceptible host species only develop a short-lasting viremia, the screening of the main 

reservoir (Hyalomma ticks) represents the most promising approach for the evidence 

of CCHFV. Within the past, more emphasis was laid on the detection of viral RNA in 

the ticks rather than correct species identification. This led to the current situation of 

several doubtful uploaded gene sequences of ticks in GenBank and partly 

controversial reports claiming the detection of CCHFV among different tick species 

(Estrada-Pena et al., 2013; Gargili et al., 2017; Zhang and Zhang, 2014). The correct 

vector species identification became an essential task to avoid false conclusions 

regarding positive ticks and their species (Gargili et al., 2017). Therefore, the second 

manuscript was concerned with different molecular methods for the determination of 

Hyalomma species, to ensure a reliable and precise discrimination of collected ticks. 

For this purpose, different approaches including `restriction fragment length 

polymorphism´(RFLP), `cytochrome oxidase 1-analysis´ (CO1 sequencing) and mass 

spectrometry (MALDI-TOF MS) for molecular tick identification were established. 

During the last decades, it became apparent that MALDI-TOF MS provides a reliable 

discrimination tool for various arthropod species (Hoppenheit et al., 2013; Karger et 

al., 2012; Kaufmann et al., 2012; Schaffner et al., 2014). A MALDI-TOF MS database 

of spectra from six different Hyalomma species was generated for a molecular 

phenotyping of these ticks. To obtain a broader range of the data set, other tick genera 

were added serving as outgroups. In addition, primers for the CO1 gene segment of 

Hyalomma ticks were selected to allow a differentiation by DNA barcoding. However, 

sequencing facilities or costly MALDI-TOF equipment may not always be available, 

especially when ticks have to be identified directly on-site following field collections e.g. 

in developing countries. Therefore, two different restriction enzymes were used to 

digest the CO1 amplicon and distinguish the most common Hyalomma species (RFLP) 

which were expected within our field samplings in Mauritania by their characteristic gel 

pattern. These newly established methodologies should form the basis for the third 

manuscript, which comprises the detection of CCHFV in Hyalomma ticks collected 

from Mauritanian livestock. Apart from investigating the virus prevalence, one of the 
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main objectives was to examine a large number of Hyalomma ticks while ensuring the 

most accurate species identification possible in order to obtain more information to 

explain potential differences in CCHFV prevalence that may occur between the 

Hyalomma species. Until today it is not clarified whether all Hyalomma species 

currently known share the same CCHFV vector competence. This may be one of the 

contributing factors explaining the variation in CCHFV prevalence and number of 

human cases among different endemic areas. 
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2  LITERATURE REVIEW  

 

2.1  History and naming of CCHFV 

 

CCHFV was not scientifically described until the mid-20th century, most likely because 

severe courses of the disease in humans are only sporadic and many infected patients 

developed merely mild and non-specific symptoms (Bente et al., 2013). In the 12th 

century there were already reports of a severe hemorrhagic disease in Central Asia 

which were apparently connected to tick bites (Hoogstraal, 1979). The first 

documented outbreak in modern times was in 1944, when Soviet troops re-conquered 

the Crimean Peninsula territory, which was previously occupied by the German army. 

After the end of the fighting 200 Russian soldiers and farmers tried to restore 

abandoned agricultural land and suffered from hemorrhagic shock syndrome with a 

10 % fatality rate after being bitten by a large number of ticks (Chumakov, 1965; 

Grashchenkov, 1945; Hoogstraal, 1979). In 1967, Chumakov succeeded in isolating 

the virus from newborn mice that previously died after they were infected with the virus 

originating from CCHF patients and he named the virus “Crimean hemorrhagic fever” 

virus (CHF). 1969 was a turning point in the history of the virus, when Casals (1969) 

proved that CHF was not distinguishable from the “Congo virus”, which was isolated 

from a boy in the Belgian Congo (present Democratic republic of Congo, DRC) in 1956. 

It demonstrated that the virus occurred not only in Europe and Asia, but also in Africa. 

Thereupon it was suggested to rename the virus “CHF- Congo virus” (Casals et al., 

1970) which later turned into CCHFV, the name commonly used today. 

 

2.2  Classification  

 

CCHFV in the order of Bunyavirales belongs to the family of Nairoviridae and the genus 

of Orthonairovirus (ICTV, 2020). Therefore, the correct name is actually “Crimean- 

Congo hemorrhagic fever orthonairovirus”, which is rarely used in common scientific 

practice and is thus often simplified as “Crimean-Congo hemorrhagic fever virus” 

(Figure 2.1). Orthonairoviruses are tick-borne viruses, which are divided into different 

serogroups and characterized by a large L segment (Bente et al., 2013). The unusually 

large size of the L-segment distinguishes them from other bunyaviruses. Together with 

the Hazaravirus, which is non-pathogenic for humans and has been isolated from 
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rodents in Pakistan (Begum et al., 1970; Dowall et al., 2012), it makes up the CCHF 

serogroup. 

 

 

Figure 2.1  Classification and phylogeny of CCHFV 

 

 

2.3  Morphology and genome characterization 

 

The CCHFV virion is spherical (diameter: 80-100 nm) and its lipid envelope is coated 

with Gn and Gc glycoproteins, which play an important role for the virion-host cell 

interactions (Bente et al., 2013). The ss (-) RNA genome of each virus particle is 

divided into three segments. The open reading frames (ORF) of each three segments 

are flanked with the same complementary non-coding endings (5’-UCUCAAAGA and 

3’-AGAGUUUCU), which form a panhandle structure through base pairing. This 

structure is conserved within all other viruses of the genus (Clerex-Van Haaster et al., 

1982; Elliott et al., 1991; Raju and Kolakofsky, 1989).  
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2.3.1 S segment 

 

The S segment is the smallest of the three segments and encodes the nucleoprotein 

(NP). The NP plays an important role in RNA encapsulation and interacts with the large 

protein (L protein) to form ribonucleoprotein complexes. Therefore, it is essential for 

viral replication (Levingston Macleod et al., 2015). In addition, it has been described 

that the S segment also encodes the non-structural protein (NSs) in opposite 

orientation, which might have an apoptotic function (Barnwal et al., 2016). Comparing 

the S segments of different CCHFV isolates at the nucleotide level revealed a diversity 

of up to 20% (Deyde et al., 2006). 

 

2.3.2 M segment 

 

The medium segment contains the genetic information for a polyprotein, which is 

cotranslationally cleaved into the two type 1 transmembrane glycoproteins and post-

translationally proceeded into Gn and Gc. This process starts at the endoplasmic 

reticulum (ER) and is concluded in the Golgi body (Altamura et al., 2007; Bertolotti-

Ciarlet et al., 2005). The glycoproteins play an important role for the attachment to the 

host cell and are mainly responsible for stimulating the production of neutralizing 

antibodies in the host organism (Whitehouse, 2004). Thus, the correct glycoprotein 

synthesis regulates the expression of infectious particles (Bergeron et al., 2007). The 

M segment exhibits the highest genetic variability among all three segments with up to 

31 % difference. Selection pressure induced by the necessity to adapt to a broad range 

of ticks and host species in different environmental zones and the host's immune 

system is most likely responsible for this genetic diversity (Deyde et al., 2006; Gargili 

et al., 2017). 

 

2.3.3 L segment 

 

The L segment of CCHFV and other orthonairoviruses is characterized by its large 

size. The ORF measures over 12,000 nucleotides in length and encodes a 4,000-

amino acid polyprotein, including domains for the RNA-dependent RNA polymerase 

(RdRp) and an ovarian tumor protease (Honig et al., 2004; Kinsella et al., 2004). While 

RdRp catalyzes the replication of RNA from an RNA template and is therefore essential 
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for viral replication, there is only limited knowledge about the function of the OTU 

(Honig et al., 2004). Moreover, it was demonstrated that OTU has no significant 

influence on virus replication in the host cell at all (Bergeron et al., 2010). A strain-wise 

genetic diversity of up to 22% can also be found among the L-segment (Deyde et al., 

2006). 

 

2.4  Virus replication 

 

Although the replication cycle of CCHFV has not yet been entirely resolved in all its 

details, critical points in terms of host-cell interactions have been uncovered over the 

last few years (Bente et al., 2013). Figure 2.2 from Bente et al. (2013) shows a scheme 

of virus replication in a cell. The study of Xiao et al. (2011) leads to the assumption that 

in particular Gc has a key function in binding to host cells, while the specific cellular 

receptor is still unknown. However, the entry into the cell apparently occurs through a 

clathrin-dependent endocytosis (Simon et al., 2009). Further major factors influencing 

cell entry are the host molecule nucleolin (Xiao et al., 2011), cholesterol and a low pH 

value (Garrison et al., 2013; Simon et al., 2009). After entering the host cell, the ss (-) 

RNA genome from CCHFV is transcribed into a positive-strand intermediate by the 

viral RdRp (Bente et al., 2013). The synthesis of glycoproteins is a very complex 

process. First, the precursor proteins PreGn and PreGc are synthesized in the ER 

(Altamura et al., 2007) and subsequently transported as heterodimers to the Golgi body 

(Shi et al., 2010). Here in the organelle, PreGn and PreGc are further cleaved, folded, 

O-glycosylated and assembled into the new virion (Shi et al., 2010). After the budding 

of the virus particle at the Golgi apparatus, the virion exits the host cell through 

exocytosis. 
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2.5  Transmission 

 

2.5.1  Hylomma ticks and their special role in the CCHFV transmission cycle 

 

Hard ticks (Ixodidae) are considered to be the main vector of CCHFV. However, it has 

been postulated that ticks of the genus Hyalomma are most vector competent, since 

the CCHFV distribution overlaps exactly with the occurrence of these ticks (Gargili et 

al., 2017). Currently, 27 different Hyalomma species have been described (Sands et 

al., 2017), although it is not clear whether all of them are independent species or rather 

a morphological variation. It is also unknown whether all Hyalomma species represent 

Figure 2.2 Intracellular replication 
cycle of CCHFV 

Virions bind to cell surface receptors (A), and are 

internalised through clathrin-dependent, 

receptor-mediated endocytosis (B). Reduced pH 

in the endosome leads to a conformational 

change in the viral glycoproteins resulting in 

fusion between the envelope and endosomal 

membranes, allowing the nucleocapsids to be 

released into the cytosol (C). After dissociation of 

the nucleocapsids (D), messenger RNA (mRNA) 

and complementary RNA (cRNA) are generated 

by the RNA-dependent RNA-polymerase 

(RdRp). The mRNA is translated into viral 

proteins, while the cRNA is used as a template 

for genomic vRNA production (E). The vRNA, 

RdRp and capsid proteins associate to form new 

nucleocapsids. Glycoprotein translation occurs in 

the endoplasmic reticulum (F), where the 

precursor protein is cleaved into GN and GC 

precursor forms. The glycoproteins are 

transported to the Golgi complex (G), where 

further processing takes places (H). New virions 

are formed (I) once final glycoprotein maturation 

has taken place, and are transported to the 

plasma membrane and released (J).        

(Bente et al., 2013) 
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a reservoir and vector or if there are interspecific differences in vector competence. 

While Palearctic ticks such as H. marginatum (Fig. 2.3 A) are considered to be the 

principle vector in Europe, Afrotropical H. rufipes ticks (Fig. 2.3 B) are most responsible 

for virus transmission in Africa (Bente et al., 2013). Hyalomma species prefer low 

humidity and their distribution area covers almost the entire African continent, 

South / Southeast Europe and Asia as far as India and China (Estrada-Pena and de la 

Fuente, 2014; Gargili et al., 2017). They are predominantly 2- or 3-host ticks, but there 

are also exceptions such as H. scupense, which are known to have a 1-host cycle 

(Apanaskevich et al., 2010). In general, members of the genus Hyalomma are 

considered to be large-sized ticks and most species are characterized by a more or 

less distinctive pale ring pattern on their legs. Hyalomma ticks have large, albeit simply 

organized paired eyes (Bergermann et al., 1997) which enable them to perceive simple 

visual stimuli such as light/dark, size or shape (Kopp and Gothe, 1995). These abilities 

also support their unusual "hunting behavior", making them markedly different from 

ticks of other genera. Instead of waiting for passing victims, they can chase potential 

hosts actively over a distance of several hundred meters (Hoogstraal, 1979). Adult 

stages often feed on a wide range of domesticated and wild ungulates including 

camelids, while larvae and nymphs prefer small mammals, birds or reptiles (Estrada-

Pena and de la Fuente, 2014; Spengler and Estrada-Pena, 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Two male Hyalomma specimens- H. marginatum (A) collected in Croatia and 

H. rufipes (B) collected in Cameroon 
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2.5.2  Tick transmission routes 

 

The transmission cycle of CCHFV is shown in Figure 2.4. The virus is transmitted 

vertically between the individual stages of vector competent ticks, which are defined 

by their ability to receive, maintain and transmit the virus to their eggs, larvae, nymphs 

or adult stages (Bente et al., 2013). However, there is only limited knowledge of how 

frequently the virus is transmitted vertically into the next generation respectively the 

percentage of positive eggs laid by infected females (Gargili et al., 2017). On the other 

hand, ticks can become horizontally infected while feeding on viremic hosts or through 

the co-feeding effect (Jones et al., 1997; Logan et al., 1990). Ticks are so-called “pool 

feeders”. In other words, they form a blood-filled lacuna in the dermis of the host by 

means of their mouthparts and the effect of cytolytic enzymes. If infected and non-

infected ticks are simultaneously infested, the infected ticks can infect the non-infected 

ticks via common or closely neighboring pools. This effect can even occur in non-

susceptible host animals. Many livestock (such as cattle, sheep, goats or equids) as 

well as wild life, especially small mammals (such as hares or hedgehogs), are 

considered to be susceptible and develop a short-term viremia lasting approximately 

one week (Spengler et al., 2016a; Spengler et al., 2016b). After the vector competent 

tick has ingested a CCHFV-positive blood meal, the virus enters the organs and tissues 

via the midgut barrier, whereby the highest titers are usually found in salivary glands 

(Dickson and Turell, 1992). Although developing viremia, infected animals do not show 

clinical signs, which makes it difficult to identify CCHFV risk areas. Besides ostriches 

(Swanepoel et al., 1998), birds do not develop viremia. However, migratory birds play 

an important role, as they are capable of carrying attached larvae or nymphs over very 

long distances and thus contribute to the spread of ticks or the virus (Gargili et al., 

2017). 
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2.5.3  Exposure risks for humans/ direct transmission 

 

In fact, humans are considered to be accidental or dead-end hosts for CCHFV. The 

most frequent way for humans to be infected is through the bite of a CCHFV-positive 

tick. People who work in close contact with animals (such as farmers, abattoir workers, 

rangers or veterinarians) represent a high-risk group. Furthermore, the stay in rural 

areas in times of increased tick activity can also be a predisposing factor (Gunes et al., 

2011). The virus can also be transmitted to humans through direct contact with infected 

tissue, blood or other body fluids. CCHFV outbreaks are often reported after abattoir 

Figure 2.4 Life cycle of Hyalomma spp. ticks and vertical and horizontal transmission 

of CCHFV. 

The course of the tick life cycle is indicated with blue arrows. Upon hatching, larvae find a small animal host for 

their first blood meal (hematophagy). Depending on the tick species, the larvae either remain attached to their 

host following engorgement and molt in place (two-host ticks) or fall off and molt (three-host ticks); this transition 

is marked by an asterisk. The nymphs then either continue to feed on the animal on which they molted (two-host 

ticks) or attach to a new small animal (three-host ticks). Upon engorgement, nymphs of all species drop off their 

host andmolt into adults. Adult ticks then find a large animal for hematophagy, and mate while attached to the 

host. After taking a blood meal, the engorged females drop off and find a suitable location for ovipositing. During 

the tick life cycle, there are a number of opportunities for virus transmission between ticks and mammals (solid 

red arrows) and directly between ticks, through co-feeding (dashed arrows). For each form of virus transfer, the 

thickness of the red arrow indicates the efficiency of transmission. Infection of humans can occur through the bite 

of an infected tick or through exposure to the body fluids of a viremic animal or CCHF patient. 

(Bente et al., 2013) 
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workers have been infected during the slaughter of viremic animals (Fazlalipour et al., 

2016; Thomas et al., 2019). Besides direct transmission from animal to human, 

nosocomial infections also play an important role in endemic countries. Hospital staff 

members, such as nurses or doctors who have unprotected contact (e.g. not using 

gloves) with CCHF patients are particularly exposed (Ergonul et al., 2007). 

 

2.6  Epidemiology 

 

CCHFV is one of the most widespread arthropod-borne zoonosis worldwide. Although 

knowledge of its overall distribution has been limited for many years since it was first 

recognized in 1944, it has now been confirmed that the virus is endemic in large parts 

of Africa, Europe and Asia. In the past, the WHO defined a region or state as endemic 

for CCHFV when reports of positive serological or PCR findings (in humans, ticks, 

animals) were available in these countries (Spengler et al., 2019). As mentioned 

before, the distribution of the virus is very closely associated with the occurrence of 

Hyalomma ticks, which are considered the main vector and reservoir. So far, there has 

been no autochthonous human CCHFV case in a region where Hyalomma ticks are 

not endemic (Hoogstraal, 1979; Spengler et al., 2016a). The most northern boundary 

of CCHFV respectively Hyalomma ticks is currently at the 50th parallel north (WHO, 

2017), but there is a tendency to expand further northwards (WHO, 2013: 46th parallel 

north). Recent reports of increased occurrence of Hyalomma ticks in regions previously 

considered free of this important CCHFV vector have received widespread public 

attention, such as in Germany (Chitimia-Dobler et al., 2016; Chitimia-Dobler et al., 

2019b), Malta (Hornok et al., 2020), France (Grech-Angelini et al., 2016; Vial et al., 

2016), Hungary (Hornok and Horvath, 2012) or Sweden (Grandi et al., 2020). However, 

the spread of Hyalomma ticks and thus an increasing risk of CCHFV introduction into 

northern Europe may have been driven by warmer winters and drier summers recorded 

over the last decades (Estrada-Pena et al., 2012a). Further potential risk factors 

promoting the spread of CCHFV are introduction through infected humans, ticks and 

animal movements (Spengler et al., 2019).  

 

2.6.1 Europe 

 

In Europe, CCHFV is predominantly endemic in the former territory of the Soviet Union 

and the Balkans or Southeastern Europe. Since the collapse of the Soviet Union, the 
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number of CCHFV cases in Russia has increased significantly (Bente et al., 2013). 

Between 2002 and 2008, there were over 1000 reported human cases with a mortality 

rate of 3.2% (Leblebicioglu, 2010). Furthermore, the Balkans and Southeast Europe 

are also considered to be endemic areas. In Bulgaria more than 1500 cases were 

counted between 1953 and 2008 (Papa et al., 2004), which is also coincident with 

seropositive livestock and 2 % CCHFV positive ticks (Gergova et al., 2012). CCHFV-

specific antibodies in farm animals (10-20 %) as well as sporadic CCHFV infections in 

humans were also found in Kosovo, Macedonia and Albania (Duh et al., 2008; Mertens 

et al., 2015; Papa et al., 2002a; Papa et al., 2002b; Papa et al., 2017). Greece plays a 

special role in South-Eastern Europe. Although surrounded by endemic countries with 

large numbers of human cases, no CCHFV infections have been detected for a long 

time. This might be associated with the AP92 virus strain, which was isolated from 

Rhipicephalus bursa ticks collected from goats in Greece in 1975 (Papadopoulos, 

1980). AP92 is genetically very different compared to other CCHFV isolates and seems 

to cause only mild or no clinical symptoms in humans (Midilli et al., 2009). The first 

human case in Greece was reported in 2008 and the isolated strain was more closely 

related to the Balkan isolates rather than to AP92 (Papa et al., 2010). The latest case 

was reported in 2018, when a Greek construction worker became ill with CCHFV after 

his return from Bulgaria (Papa et al., 2018). Besides the Balkans, there is only limited 

evidence of CCHFV in the rest of Europe. Filipe et al. (1985) found in humans CCHFV 

antibodies in Portugal and Estrada-Pena et al. (2012b) isolated CCHFV RNA in 

H. lusitanicum collected from Spanish wild deer. Therefore, the first autochthonous 

human case of CCHFV 2016 in Spain with fatal outcome (Negredo et al., 2017) was 

an important milestone in terms of raising awareness of emerging diseases like 

CCHFV in (Western) Europe. Bente et al. (2013) described the epidemiological 

situation in Turkey (which acts as a link between Europe and Asia) as extraordinary. 

While the first CCHFV case was only described in 2002 (Karti et al., 2004), more than 

5000 cases were confirmed within 7 years until 2009 with a fatality rate of 5 % (Bente 

et al., 2013; Ozkaya et al., 2010). Furthermore, the high antibody prevalence of up to 

12.8 % in high-risk groups (Gunes et al., 2009) and virus detection in up to 20 % of 

ticks underline the high-endemic status of the country (Gunes et al., 2011). A well-

developed health care system combined with increased awareness among doctors 

and the public is probably one reason for the extremely high number of cases with a 

comparatively low lethality rate. Interestingly, an AP92-like strain was isolated from a 



 
 

14 

patient who showed only mild clinical symptoms during a CCHFV infection (Midilli et 

al., 2009), whereas normally strains of the viral clades Europe 1 and Europe 2 were 

found in Turkey. 

 

2.6.2 Asia 

 

The first CCHFV isolation in Asia was made in Pakistan in the 1960s (Begum et al., 

1970), although the first human case was reported in 1965 in China (Yen et al., 1985). 

Over time, Pakistan has turned into a high-risk area with a large number of annual 

human cases (Atif et al., 2017) including high prevalences found in livestock and ticks 

(Kasi et al., 2020a; Kasi et al., 2020b). In contrast, CCHFV was described in India 

comparatively late in 2011 during a nosocomial outbreak (Mishra et al., 2011). Further 

seroprevalence studies and RNA detection in ticks supported the presence of CCHF 

in India (Mourya et al., 2012). In the Middle East, CCFHV was first reported in Iran in 

the 1970s by specific antibodies in humans, cattle and sheep (Saidi et al., 1975). After 

a long period of sporadic studies, a national CCHFV surveillance program was 

established in 1999. Between 2000 and 2009, there were 635 confirmed human cases, 

of which 89 had a fatal outcome (Chinikar et al., 2010). In neighboring Afghanistan, the 

National Surveillance System reported 1,284 human CCHF cases from 2007 to 2018. 

Due to the Gulf wars and political unrest, the data available in Iraq is rather sketchy 

(Bente et al., 2013). Nevertheless, several human cases could be confirmed in recent 

times (Majeed et al., 2012). The first CCHFV case on the Arabian Peninsula was 

reported in a hospital in Dubai (1979), when a CCHF patient infected several hospital 

staff members (Suleiman et al., 1980). In the mid-1990s, further human cases were 

confirmed in the United Arab Emirates including the detection of CCHFV antibodies in 

slaughterhouse workers and livestock (Khan et al., 1997; Schwarz et al., 1997). Around 

the same time, human cases were also reported in Oman and the circulation of the 

virus was demonstrated by surveillance studies in farm animals and ticks (Scrimgeour, 

1996; Williams et al., 2000). 

 

2.6.3 Africa 

 

Although CCHFV was first isolated in Africa in 1956 in Belgian Congo as "Congo virus", 

there is still limited knowledge about the individual African countries. Until today, only 

few further studies have been carried out on CCHFV in the present territories of the 
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Democratic Republic of Congo and the Republic of Congo. They revealed low 

seroprevalence in livestock (Sas et al., 2017b) and the isolation of a strain almost 

identical to the first strain discovered in 1956 in the Congo (Grard et al., 2011). By far 

the most studies about CCHFV in Africa were conducted in South Africa. The first case 

in the country was reported in 1981 when a boy bitten by a Hyalomma tick died of 

severe hemorrhagic fever (Gear et al., 1982). Until 1989, Swanepoel et al. (1989) 

succeeded in tracking and confirming up to 50 further human CCHF cases in South 

African hospitals (Bente et al., 2013). Large-scale seroprevalence studies in numerous 

wildlife species (Shepherd et al., 1987) as well as livestock (Swanepoel et al., 1985) 

also demonstrated widespread virus circulation across the country. Another 

remarkable aspect is the finding that ostriches are the only bird species that can 

develop CCHFV viremia, which was proven by animal infections trials (Swanepoel et 

al., 1998). The study was conducted after staff members of an ostrich abattoir in South 

Africa became ill with CCHF after slaughtering the birds (Swanepoel et al., 1998; van 

Eeden et al., 1985). On the other hand, many data from other African countries have 

become outdated and only within the last two decades more studies have been 

conducted to survey the epidemiological CCHFV situation in Africa. However, it can be 

assumed that the virus occurs almost across the entire continent. There are no human 

case reports of CCHFV known among the North African countries Morocco, Algeria, 

Libya, Tunisia and Egypt. The isolation of an AP92-like CCHFV strain from a 

H. aegyptium in Algeria may indicate that predominantly less human pathogenic 

isolates circulate in this region (Kautman et al., 2016). In contrast, human CCHFV 

cases have been frequently reported in Mauritania (Gonzalez et al., 1990; Nabeth et 

al., 2004a; Saluzzo et al., 1985a) and Senegal (Nabeth et al., 2004b; Tall et al., 2009). 

The virus circulation was also confirmed by studies that showed a high antibody 

prevalence in different livestock (Gonzalez et al., 1990; Nabeth et al., 2004a; Nabeth 

et al., 2004b; Sas et al., 2017a; Wilson et al., 1990). The first human outbreak of 

CCHFV in Mali recently occurred in February 2020 (not published yet). Previously, 

there was only data available in Mali on the detection of antibodies in cattle (Maiga et 

al., 2017) and viral RNA isolation from ticks (Zivcec et al., 2014). Only little is known 

about the current situation in Niger (Mariner et al., 1995) and Chad (Gonzalez et al., 

1989). In Sudan, several human CCHF outbreaks have been confirmed so far (Bower 

et al., 2019). Furthermore, antibodies were detected in different livestock (Ibrahim et 

al., 2015; Suliman et al., 2017) and viral RNA was isolated from Hyalomma ticks 
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(Chitimia-Dobler et al., 2019a). The first description of CCHFV in Nigeria was made in 

1964 and within the following years the present-day reference strain Ibar10200 was 

isolated from H. excavatum ticks (Causey et al., 1970). There have recently been 

several humans outbreaks of CCHFV in Uganda, East Africa (Balinandi et al., 2018; 

Kizito et al., 2018) and the first human case in Kenya was reported in 2002 (Dunster 

et al., 2002), followed by virus detection in Hyalomma ticks in 2011 (Sang et al., 2011). 

Although the data from Ethiopia and Tanzania is very outdated, they prove the 

presence of CCHFV (Hoogstraal, 1979; Wood et al., 1978). In summary, knowledge 

on CCHFV in Africa is still very patchy and there is plenty research potential in the 

countries listed above, as well as those not mentioned. 

  

2.7  Clinical signs in humans  

 

In contrast to susceptible animals, humans can develop severe hemorrhagic 

symptoms with a partially high mortality rate during a CCHFV infection. The clinical 

course of the disease includes four phases: incubation, pre-hemorrhagic, hemorrhagic 

and convalescent (Hoogstraal, 1979). Thereby, the incubation time appears to depend 

on how the patient has been infected (Hoogstraal, 1979). While the first symptoms 

occur already 1-5 days after a tick bite, it can take 5-7 days following first contact with 

infected tissue/blood (Ergonul, 2006; Ergonul et al., 2006b). The second phase 

(prehemorrhagic) with its very unspecific symptoms (e.g.: fever, muscle pain, nausea) 

is barely distinguishable from a general infectious disease. This often leads to CCHF 

not being diagnosed or mistaken with other diseases. The hemorrhagic phase (day 3-

5 of the disease) is characterized by initial petechiae on the skin and mucous 

membranes, which can turn into extensive, severe skin bleedings. Furthermore, 

bleedings can also occur in the gastrointestinal and urinary tract, as well as hepato- 

and splenomegaly (Swanepoel et al., 1989). Death usually occurs between days 5 and 

14 due to shock, bleeding and multiple organ failure (Bente et al., 2013). In the worst 

case, the time of convalescence of recovered patients can last up to one year until they 

are completely free of symptoms (Ergonul, 2006). During the past, information on the 

case fatality rates (CFR) varied widely from 5% in Turkey (Ergonul, 2006) to 80% in 

China (Yen et al., 1985). Small, sporadic outbreaks and the fact that a majority of 

endemic countries only have a deficient health care system complicates a correct 

assessment of the CFR. Different circulating virus strains, the lack of awareness and 
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effective protection measures may also influence the CFR. Moreover, there is probably 

a high rate of unrecognized cases in patients who have only mild clinical symptoms 

and thus are not diagnosed (Bente et al., 2013). 

 

2.8  Pathology 

 

Until now, there is only one evidence that CCHFV can directly infect the endothelium, 

based on viral antigen found in the endothelium during an autopsy (Burt et al., 1997). 

Nevertheless, detection of the virus at this stage does not imply that the virus was able 

to infect the endothelium directly and caused an increased vascular permeability. In 

any case, it starts soon after the disease onset (Bente et al., 2013). In contrast, more 

is known about the pro-inflammatory cytokine response during a CCHFV infection. The 

study of Connolly-Andersen et al. (2009) demonstrated that the virus replicates in 

human monocyte dendritic cells, which can cause an increased release of pro-

inflammatory cytokines. This also correlates with findings of elevated serum levels of 

IL-6, IL-10, TNF-α and IFN-γ in CCHF patients (Ergonul et al., 2006a; Papa et al., 2006; 

Saksida et al., 2010). The fact that STAT1-KO mice also develop elevated levels of IL-

6, IL-10, TNF-α and IFN-γ after CCHFV infection, as well as the susceptibility of IFN-

KO mice, supports the clinical observations (Bereczky et al., 2010). Based on these 

findings, CCHFV appears to be causing similar pathological effects in humans as the 

Ebola virus (EBOV), which also induces proinflammatory cytokines and intrinsic 

coagulation/ platelet aggregation leading to vascular dysfunctions (Mahanty and Bray, 

2004; Schnittler and Feldmann, 2003). Simon et al. (2006) showed also that the 

mediator nitric oxide (NO) suppresses the viral replication of CCHFV. Furthermore, 

higher concentrations of natural killer (NK) and cytotoxic T cells were observed in 

severe cases compared to mild disease courses (Akinci et al., 2009; Yilmaz et al., 

2008). The absence of IgM and IgG antibodies in patients with fatal disease 

progressions might indicate a loss of lymphocytes due to apoptosis, but this has not 

yet been proven (Bente et al., 2013). 

 

2.9  Diagnostic and detection of CCHFV 

 

Within the first years after its discovery, CCHFV was usually detected by virus isolation, 

inoculation in newborn mice, hemagglutinin inhibition, AGDP or complement fixations 

test. Especially the former gold standard of virus isolation and inoculation in newborn 
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mice involved handling a non-inactivated BSL-4 pathogen and was therefore a delicate 

procedure (Bente et al., 2013). Today, the gold standard in humans and animals are 

RT-PCR and the detection of IgG /IgM antibodies, which represent much more 

sensitive, safer and quicker diagnostic tools. IgM antibodies against CCHFV can be 

detected in sera of patients about one week after infection and IgG shortly after 

(Shepherd et al., 1989). While IgM remains in serum only for a few months, IgG 

antibodies can be detected for years (Yadav et al., 2019). For antibody detection, either 

enzyme-linked immunosorbent assays (ELISA) or immunofluorescence assays (IFA) 

are used. Since CCHF patients with severe symptoms may not develop any antibody 

response, the RT- PCR is considered to be more reliable. The main issue for a PCR is 

the high genetic diversity of CCHFV (Deyde et al., 2006), which makes it more difficult 

for a single test to cover all strains. Especially the highly divergent strain AP92 was 

challenging for the development of a CCFHV Pan-strain PCR (Duh et al., 2006; 

Garrison et al., 2007; Wolfel et al., 2007). The PCR assay of Atkinson et al. (2012) was 

the first to be capable of detecting all seven described virus clades using a highly 

conserved 5´ non-coding region of the S segment as the target region. In contrast, 

approach of Sas et al. (2018) was the first one-step multiplex RT-qPCR, which was 

able to detect all known CCHFV strains by using clade-specific primer sets. An 

overview of all currently available commercial tests is given in Table 2.1. 
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Table 2.1 Overview of available commercial diagnostic test  

 

Assay Target species Company 

IgM ELISA 

Human 

VectorBest (Russia), BDSL 
(Scotland), Gentaur* (Belgium), 

NovaTec Immundiagnostica* 
(Germany), Alpha Diagnostic* 

(USA, TX), Creative Diagnostics* 
(USA, NY) 

 

Mouse 
Alpha Diagnostic* (USA, TX) 

 

IgG ELISA 

Human 

VectorBest (Russia), Gentaur* 
(Belgium), NovaTec 

Immundiagnostica* (Germany), 
Alpha Diagnostic* (USA, TX), 

Creative Diagnostics* (USA, NY) 
 

Bovine, rabbit, mouse 
Alpha Diagnostic* (USA, TX) 

 

Multi-species IDvet (France) 

IgM IFA Human 
Euroimmun (Germany) 

 

IgG IFA Human 
Euroimmun (Germany) 

 

Antigen capture ELISA Virus 
VectorBest (Russia) 

 

RT-qPCR Virus 

Altona Diagnostics (Germany), 
Liferiver Bio-Tech (USA, CA), 

Gentaur* (Belgium) 
 

                                           (Adapted by Sas et al, https://nbn-resolving.org/urn:nbn:de:gbv:95-110132) 
                            *non-validated assay and for research purposes only 

 

2.10  Prevention and treatment 

 

In general, preventive measures against CCHFV have a high priority in controlling and 

managing human outbreaks. Avoiding tick bites during out-door activities in endemic 

regions by using repellents and wearing long-sleeved clothes reduces the risk of 

infection immensely. Epidemiological studies in risk areas can also raise public 

awareness and thus sensitize the local public. Whenever there is a risk of exposure, 

at least gloves, protective eyewear and scrubs should be worn, e.g. while handling 

tissue or body fluids from potential infected humans or animals. However, working with 

non-inactivated viruses in the laboratory should only be performed under BSL-4 

conditions (Mertens et al., 2013). Furthermore, it must to be mentioned that the majority 

of CCHFV infections does not require intensive medication due to mild or nonspecific 

https://nbn-resolving.org/urn:nbn:de:gbv:95-110132
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disease courses (Bente et al., 2013). In severe cases the therapy is limited to the 

treatment of the symptoms, such as volume replacement and the application of 

platelets, plasma and blood transfusion (Ergonul, 2008). The usage of ribavirin is often 

documented within human case reports and is claimed to improve the clinical 

symptoms of patients, at least when applied during the early stage of disease (Ergonul 

et al., 2004; Mardani et al., 2003). Unfortunately, all these studies usually lack 

significant evidence about its effectiveness; therefore, the therapeutic benefit must be 

interpreted carefully (Soares-Weiser et al., 2010).  Although antibody therapy based 

on the plasma of CCHFV survivors has been used in Russia and Bulgaria (Akinci et 

al., 2009; Leshchinskaia, 1970; Papa et al., 2004; Vassilev et al., 1991), there are no 

studies confirming its efficiency. 
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3 MATERIAL AND METHODS  

 

 

The following section provides an overview of the materials and methods used for this 

thesis. A more detailed description of methodology and the experimental setups can 

be found in the respective manuscripts. 

 

3.1  Samples 

 

The sample collection was carried out by the Mauritanian State Veterinary Laboratory 

“Office National de Recherches et de Développement de l'Elevage“ 

(ONARDEL)ONARDEL following all relevant national as well as international 

regulations and according to fundamental ethical principles for diagnostic purposes in 

the framework of a governmental program for the animal health surveillance. The 

sample collection was focused on the four most important livestock species within the 

country (cattle, sheep, goats and camels) and an attempt was made to collect an equal 

number of serum samples from each region. However, due to the deficient 

infrastructure in the remote regions of the country and political instability near the 

border with Mali, this aim could not always be ensured. The ticks of Manuscript II 

originated from field collections in Cameroon (by Samuel Abah, LANAVET), Mauritania 

(by Yahya Barry, ONARDEL), Croatia (by Dr. Relja Beck, Croatian Veterinary Institute) 

as well as from laboratory colonies (kindly provided by MSD Animal Health Innovation 

GmbH, Schwabenheim, Germany and Insect Services, Berlin, Germany). All samples 

were stored in 70 % ethanol at -20 °C. Furthermore, more than 1500 Hyalomma ticks 

(Manuscript III) were sampled in 2018 from four different herds (cattle and camels) in 

Mauritania. The Australian camel serum samples were also collected in the framework 

of an animal health surveillance program according to fundamental ethical principles. 

Performance of an alpaca immunization experiment was carried out in accordance with 

national and European legislation (Directive 2010/63/EU on the protection of animals 

used for scientific purposes). It was approved by the competent authority of the Federal 

State of Mecklenburg-Western Pomerania, Germany (Landesamt für Landwirtschaft, 

Lebensmittelsicherheit und Fischerei Mecklenburg-Vorpommern, Rostock). 
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3.2  Serology 

 

In order to enable handling of the samples under BSL-2 conditions, all serum samples 

were tested for potential animal pathogens and zoonotic diseases including foot-and-

mouth disease virus (FMDV), bluetongue virus (BTV), Rift Valley fever virus (RVFV) 

and Crimean-Congo hemorrhagic fever virus (CCHFV) via qRT-PCR. All sera that 

tested positive for one of these pathogens were excluded from further studies and 

transferred to higher biosafety level laboratories at FLI. All serum samples were also 

tested for CCHFV IgG antibodies against the N protein of the virus using different in-

house (Mertens et al., 2015; Schuster et al., 2016) and adapted commercial ELISAs 

(VectorBest, Nowosibirst, Russia) based on the diagnostic workflow published before 

(Mertens et al. 2009). Moreover, an adapted commercial immunoflourescence assay 

(Euroimmun, Lübeck, Germany) was used as a decision support for questionable sera. 

Detailed information on all serological methods used as well as on the establishment 

of a novel camel-specific in-house ELISA are presented in Manuscript I.  

 

3.3  DNA/RNA extraction 

 

The ticks (Manuscript II / III) were shredded in AVL buffer using a steel bead and a 

tissuelyzer (TissueLyser II, Qiagen, Hilden, Germany). Subsequently, for smaller sample 

quantities the DNA/RNA was extracted using the Viral RNA mini Kit (Qiagen, Hilden, 

Germany) as suggested by the manufacturer. For a larger number of samples, nucleic 

acid extraction was performed using an automated extraction instrument (KingFisher 

Scientific, Waltham, USA) with the NucleoMag® VET kit (Macherey-Nagel, Düren, 

Germany).  

 

3.4  Morphological tick species identification 

 

All Hyalomma ticks originating from the field collection were morphologically identified 

prior to the homogenization. The identification was performed under a 

stereomicroscope (Nikon SMZ 745T, Minato, Japan) using the keys of Apanaskevich 

et al. (Apanaskevich and Horak, 2008a; 2008b; Apanaskevich et al., 2008; 

Apanaskevich et al., 2010). Since all non-Hyalomma species originated exclusively 
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from defined laboratory colonies, no further morphological determination was 

performed for these ticks. 

 

3.5  Molecular tick species identification 

 

The development and implementation of molecular species identification methods is 

described in Manuscript II. For this purpose, a primer set targeting the cytochrome 

oxidase 1 (CO1) gene segment of ticks was applied. The PCR product was applied on 

an agarose gel and sequenced by means of Sanger sequencing (Eurofins, 

Luxembourg, Luxembourg) which allowed a genetic determination of the tick species 

(DNA barcoding). Additionally, the amplicons were cleaved using two different 

restriction enzymes and subsequently applied on a polyacrylamide gel. As a result, the 

tick species could be distinguished from each other based on species-specific gel 

patterns. Apart from the distinction on a genetic level, the ticks were also differentiated 

by molecular phenotyping. A MALDI-TOF MS database consisting of spectra of 

different Hyalamma and non-Hyalomma species was established to allow a 

comparison of the ticks based on their proteins.   

 

3.6  Virus detection and characterization 

 

All ticks of Manuscript III were individually extracted and examined for CCHFV by using 

a modified one-step multiplex assay (qRT-PCR; Sas et al. (2018)) as described 

previously by Kasi et al. (2020b) using a CFX96 Real-Time System (Biorad, Hercules, 

USA). Positive samples were re-tested by a conventional PCR using a Biorad C1000 

Thermal Cycler (Biorad, Hercules, USA). The obtained PCR products were applied on 

an agarose gel and subsequently characterized by Sanger sequencing. The 

phylogenetic tree for the different CCHFV genotypes found in the ticks samples was 

generated using Neighbor-Joining algorithm and Jukes-Cantor distance model in 

Geneious version 2019.2 (Biomatters, available from https://www.geneious.com) and 

FigTree v1.4.4 (available from https://github.com/rambaut/figtree/releases). 
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3.7  Statistical analyzes 

 
 

All analysis including confidence intervals (CI), Fisher's exact test, chi-square, 

generalized linear mixed-effects model (GLMM), cut-off calculation for the ELISA were 

performed in R (version 3.6.0 (2019-04-26) - "Planting of a Tree" (R Core Team, 2019)) 

using the package lsmeans (Lenth, 2016). Results of the MALDI Biotyper query were 

exported and transferred to the statistical programming language R (version 3.5.1., (R 

Development Core Team, 2011)). Score values were arranged as a distance matrix for 

the construction of a Sammon map by two-dimensional scaling (Sammon, 1969). 

Statistical models were calculated for pairs of tick species with ClinProTools software 

(version 2.2, Bruker) 

 

3.8  Literature research 

 

For the literature research of this thesis, PubMed® database (National Center for 

Biotechnology Information, Bethesda (Maryland), USA) was used. 
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4  MANUSCRIPT I:  

 

 

Crimean-Congo hemorrhagic fever orthonairovirus antibody 
prevalence in Mauritanian livestock (cattle, goats, sheep and 

camels) is stratified by the animal’s age 
 

A. Schulz1, Y. Barry2, F. Stoek1, A. Ba2, M.A. Sas1, J. Schulz1, P. Kirkland3, M. Eiden1, M.H. 
Groschup1 

 
1 Friedrich-Loeffler-Institut, Institute of Novel and Emerging Infectious Diseases, Südufer 10, 

17493 Greifswald-Insel Riems, Germany 

 
2 A l'Office National de Recherche et de Développement de l'Elevage (ONARDEL), 

Nouakchott, Mauritania 

 
3 Elizabeth Macarthur Agriculture Institute, Woodbridge Rd, Menangle NSW 2568, Australia 

 

4.1  Abstract  

 

Background: Crimean-Congo hemorrhagic fever orthonairovirus (CCHFV) is one of 

the most widespread zoonotic arthropod-borne viruses in many parts of Africa, Europe 

and Asia. It belongs to the family of Nairoviridae in the genus of Orthonairovirus. The 

reservoir and vector are ticks of the genus Hyalomma. Livestock animals (such as 

cattle, small ruminants and camels) develop a viremia lasting up to two weeks followed 

by seroconversion. This study was carried out to assess risk factors that affect 

seroprevalence rates in different species. 

 

Methods: In total, 928 samples from livestock animals (cattle= 201; sheep= 247; 

goats= 233; camels= 247) from 13 of 15 regions in Mauritania were assayed for 

CCHFV-specific immunoglobulin G (IgG) antibodies using enzyme-linked 

immunosorbent assays (ELISA) (including a novel indirect camel-IgG-specific CCHF 

ELISA). Inconclusive results were resolved by an immunofluorescence assays (IFA). 

A generalized linear mixed-effects model (GLMM) was used to draw conclusions about 

the impact of certain factors (age, species, sex and region) which might have 

influenced the CCHFV antibody status of surveyed animals. 
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Results: In goats and sheep, 15 % and 16 % of the animals were seropositive, 

whereas in cattle (69 %) and camels (81 %) the prevalence rate was significantly 

higher. On average, cattle and camels were up to four times older than small 

ruminants. Interestingly in all species, the seroprevalence was directly linked to age of 

the animals, i.e. older animals had significantly higher seroprevalence rates than 

younger animals. 

 

Conclusions: The highest seroprevalence CCHFV in Mauritania was found in camels 

and cattle, followed by small ruminants. The large proportion of positive animals in 

cattle and camels might be explained by the high age of the animals. Future CCHFV 

prevalence studies should at least consider the age of surveyed animals in order to 

avoid misinterpretations. 

 

4.2  Introduction 

 

Crimean-Congo hemorrhagic fever orthonairovirus (CCHFV) is one of the most 

widespread zoonotic arthropod-borne viruses distributed in many parts of Africa, 

Europe and Asia (Bente et al., 2013; Hoogstraal, 1979). It belongs to the family of 

Nairoviridae in the genus of Orthonairovirus. Many livestock species such as cattle, 

goats, sheep or camels can become infected with this virus and even develop viremia, 

but still do not develop clinical symptoms (Spengler et al., 2016b). Humans can be 

infected by infectious blood, tissue or other body fluids from viremic animals or patients. 

Most virus infections are caused by bites of infected Hyalomma ticks, which are the 

main reservoir and transmission vector of CCHFV (Whitehouse, 2004). In contrast, 

infected people can suffer from severe symptoms, including hemorrhagic fever with 

case fatality rates ranging from 5 % in Turkey (Leblebicioglu et al., 2016) up to 80 % 

in China (Yen et al., 1985). Livestock farming plays an important role for the income of 

the local population in Mauritania and represents an integral part of the Mauritanian 

economy (Mint Mohamed Lemine et al., 2017). The close contact between farmers and 

their animals, as well as insufficient medical or veterinary care in rural areas, bears a 

serious health risk for humans and animals. The first human case of CCHFV in 

Mauritania was described in 1983 (Saluzzo et al., 1985a) and triggered an initial 

serological study for CCHFV antibodies in humans, cattle and rodents (Saluzzo et al., 

1985b). Gonzalez et al. (1990) conducted the first larger serological study in sheep 
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and they obtained a prevalence of 18 %. Another albeit much smaller survey on sheep 

and goats in 2003 revealed a similar prevalence (Nabeth et al., 2004a). In 2013, cattle 

were tested for CCHFV IgG antibodies for the first time and a surprisingly high 

seropravalence of 67 % was observed (Sas et al., 2017a). Investigations of cattle in 

Sudan for CCHFV antibodies (Ibrahim et al., 2015) showed that collection site, age, 

husbandry system and tick infestation are the biggest risk factors on seroprevalence. 

An age-related increase in CCHFV IgG antibody prevalence was already observed in 

sheep (Wilson et al., 1990) and cattle (Ibrahim et al., 2015; Lotfollahzadeh et al., 2011; 

Mohamed et al., 2008).  

Therefore, this current study in Mauritania was focused on potential host-related risk 

factors (like age, species, sex and region) to reveal their impact on CCHFV 

seroprevalence rates in different livestock species. This study provides a 

comprehensive overview of the current CCHFV-IgG antibody circulation in Mauritania. 

We have used already established tests for cattle, sheep and goats (in-house / adapted 

commercial) as well as a newly developed camel-IgG specific ELISA. Emphasis was 

particularly laid on previously understudied species in Mauritania (CCHFV infections 

in camels and goats).  

 

4.3  Materials and methods  

 

4.3.1 Serum samples 

 

Mauritania, located in West Africa south of the Western Sahara, has a size of 

1,030,000 km2 and is one of the most sparsely populated countries in Africa due to the 

prevalent Saharan landscape. It is divided into 13 different regions, which are 

subdivided in 44 departments. In 2015, serum samples were taken from cattle (n= 

201), sheep (n= 247), goats (n= 233) and camels (n= 247) from 13 out of 15 regions 

(Table 4.2). Samples from the capital region Nouakchott originated from a large 

abattoir that is connected with one of the most important livestock markets in this 

region. For 873 of 928 samples the age and sex of the sampled animals available. The 

sample collection was carried out by the Mauritanian State Veterinary Laboratory 

ONARDEL following all relevant national as well as international regulations and 

according to fundamental ethical principles for diagnostic purposes in the framework 

of a governmental program for animal health surveillance. 
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4.3.2 Establishment of a camel-specific in-house IgG CCHFV ELISA 

 

A camel-specific CCHFV IgG ELISA was developed using His-tagged recombinant N-

Protein of CCHFV-strain Kosovo Hoti (Accession no. DQ133507) as antigen. Half of 

the 96-Well F-Bottom microplates (Greiner Bio-One, Austria) were coated with 100 µl 

coating buffer (1xPBS; BSA 1%; pH 9) including 0.2 µg of antigen, whereas for the 

second half the antigen was omitted. The plates were incubated over night at 4°C in 

the fridge and afterwards blocked for 1 h at 37°C with 200 µl blocking buffer (IDvet, 

Grabels, France). Serum samples were diluted 1:80 in serum dilution buffer (IDvet DB 

no.11) and 50µl applied twice each to the wells with antigen and the wells without 

antigen. The plates were then incubated for 1h at 37°C and washed 3 x with 250 µl/well 

washing buffer (PBS-Tween 0.1%). The unlabeled goat- anti-lama IgG conjugate 

(Southern Biotech) was diluted 1:1500 in dilution buffer (IDvet DB no.3; 100µl/well) and 

incubated for 1 h at 37°C. Afterwards plates were washed 3 x with 250 µl/well washing 

buffer (PBS-Tween 0.1%). To obtain a detectable signal a rabbit anti-goat-HRP 

(Southern Biotech) conjugate in ratio 1:3000 (100 µl/well) was used and incubated for 

1h at 37°C. Finally, the plate was washed one last time and 100 µl/well TMB solution 

(Bio-Rad) was added. After the 10 min of incubation time the reaction was stopped 

with 100 µl 1M H2SO4 and measured with a Tecan plate reader Infinite® 200 PRO at 

450 nm against the reference wavelength of 620 nm. In order to exclude possible 

strong background reactions of the sera, which could falsify the result, a corrected OD 

(optical density) value was used (OD (av.) antigen – OD (av.) no antigen). The corrected OD 

value of the sample (R-sample) divided by the corrected OD value of the positive 

control (R-positive) gave the final result (fR) and was expressed as a percentage (fR 

=[R-sample/R-positive] * 100). The camel-specific in-house CCHFV IgG-ELISA was 

validated using 42 camel sera from Australia as negative controls. These samples were 

also collected in the framework of an animal health surveillance program. According to 

the WHO (27 October 2019), Australia is officially free of CCHFV. There were no field 

samples from Mauritanian camels available that could be considered as confirmed 

positive. Thus, to calculate a cut-off for the new camel-specific in-house IgG ELISA, 

the mean 𝑋 and standard deviation 𝑆𝐷 of the corrected OD values of the negative 

controls were calculated and cut-off values were determined using  

 

𝐶𝑢𝑡𝑂𝑓𝑓 =  𝑎 ∙ 𝑋 + 𝑓 ∙ 𝑆𝐷, 
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with 𝑎 and 𝑓 arbitrarily defined multipliers (Lardeux et al., 2016). The repeatability of 

the test was evaluated using the Bland-Altman statistics (Bland and Altman, 1999; 

Giavarina, 2015). To verify whether the ELISA is able to detect specific reactions in 

camelid sera against CCHFV IgG antibodies, an alpaca was immunized under 

laboratory conditions with the same recombinant N-Protein of CCHFV-strain Kosovo 

Hoti used for ELISA. Blood samples, including day 0, were collected after immunization 

and tested in the ELISA. The Kosovo-Hoti N-protein was expressed in an E.coli vector. 

In order to exclude an unspecific immune reaction of the alpaca against possible E. 

coli contamination, the samples were tested twice. In the first approach the N-protein 

was normally coated, in the second approach the plates were covered with an E. coli 

lysate (Tab. 4.1). Additionally, 12 serum samples from German zoo animals (Bactrian 

camel and dromedary) were tested as negative controls to validate the newly 

developed ELISA. Performance of the experiment was carried out in accordance with 

national and European legislation (Directive 2010/63/EU on the protection of animals 

used for scientific purposes). It was approved by the competent authority of the Federal 

State of Mecklenburg-Western Pomerania, Germany (Landesamt für Landwirtschaft, 

Lebensmittelsicherheit und Fischerei Mecklenburg-Vorpommern, Rostock). 

 

4.3.3 Serological investigation of cattle, sheep, goats and camels by in-house CCHFV-

IgG- ELISA 

 

All samples were tested according to a flow chart (Mertens et al., 2009) combining 

different ELISA and IFA test systems. The sera from cattle, sheep and goats were 

assayed (twice in case of a positive result) with the respective species–specific in-

house CCHFV IgG ELISA system (Mertens et al., 2015; Schuster et al., 2016). Positive 

findings were tested during a second test run with adapted commercial ELISAs (Vector 

Best, Novosibirsk, Russia) to confirm these results. In case of a divergent outcome, an 

adapted commercial IFA (Euroimmun, Lübeck, Germany) was used to obtain a final 

result. The diagnostic approach for the camel sera is described above. 
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4.3.4 Statistical analysis 

 

The effects of age, species and sex on the CCHFV status was estimated using a 

generalized linear mixed-effects model (GLMM). The variables 𝑎𝑔𝑒, 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 and 𝑠𝑒𝑥 

were considered as fixed effects. Including 𝑟𝑒𝑔𝑖𝑜𝑛 as random regional effect with 

variance 𝜎𝑟𝑒𝑔𝑖𝑜𝑛
2  led to the mixed model: 

 

𝑙𝑜𝑔 (
𝜋

1 − 𝜋
) =  𝛽0 +  𝛽1 ∙ 𝑎𝑔𝑒 + 𝛽2 ∙ 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 +  𝛽3 ∙ 𝑠𝑒𝑥 + 𝑏 ∙ 𝑟𝑒𝑔𝑖𝑜𝑛 (1) 

 

where 𝜋 indicated the probability of an animal to be CCHFV positive. 𝛽𝑖 and 𝑏 were the 

regression coefficients. Model reduction was performed, as the variable 𝑠𝑒𝑥 did not 

show a significant effect. This led to the final model: 

 

𝑙𝑜𝑔 (
𝜋

1 − 𝜋
) =  𝛽0 +  𝛽1 ∙ 𝑎𝑔𝑒 +  𝛽2 ∙ 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 +  𝑏 ∙ 𝑟𝑒𝑔𝑖𝑜𝑛 (2) 

 
Least-squares means were used for summarizing the effects of factors 𝑎𝑔𝑒 and 

𝑠𝑝𝑒𝑐𝑖𝑒𝑠. All analysis were performed in R (version 3.6.0 (2019-04-26) - "Planting of a 

Tree" (R Core Team, 2019) using the package lsmeans (Lenth, 2016). 

 

4.4  Results 

 

4.4.1 Validation of the new camel-specific inhouse IgG-CCHFV- ELISA 

 

Forty-two Australian negative camel sera were used for the calculation and validation 

of the cut-off. Two cut-off values were calculated to define a range of inconclusive 

results. The upper cut-off value (𝑎 = 1, 𝑓 = 2) was set to 19.96 % and samples above 

this value were considered to be CCHFV positive. The lower cut-off value (𝑎 = 1, 𝑓 =

2) was 10.45 % and samples below this value were considered as negative. Samples 

showing OD values between these two cut-off values were considered to be 

inconclusive. Bland-Altman analysis (Bland and Altman, 1999) indicated good 

repeatability of the assay (data not shown). However, two of the Australian sera 

showed a clear positive reaction in the ELISA. In the second test run, both were 

positive again, but deviated strongly from the first run. The rest of the samples showed 
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no significant deviation in their values upon repetition. Since no positive reference field 

sera existed, a serum of an immunized alpaca was used as reference. On days 0, 4 

and 7 after immunization, no specific reaction was detected by the ELISA. All sera 

collected after the 14th day were highly positive indicating that the ELISA is able to 

detect a specific seroconversion in camelids (Tab. 4.1) without any or only minimal 

reactivity to E. coli antigens itself. In addition, 12 camel sera originating from German 

zoos tested negative.  

 

4.4.2 Serological and statistical findings in cattle, goats, and sheep and camels 

 

This study revealed a considerable prevalence difference between animal species 

(Tab. 4.2 and Fig. 4.1 B). Cattle samples showed a seroprevalence of 68.66 % with 

regional differences ranging from 50 to 95%. 16 % of sheep (ranging from 0 to 50 %) 

and 15 % of goats (ranging from 0 to 37 %) were positive. The prevalence of camels 

(81 %), however, was even higher than in cattle. Moreover, we observed that older 

animals were more likely to be positive than younger animals (Tab. 4.3 and Fig. 4.1 A). 

A more detailed statistical analysis revealed a significant effect of age and species on 

the CCHFV status of the investigated animals, whereas sex had no influence. The 

region was another reason of random variability. Table 4.4 shows the comparison of 

the different age and species categories regarding their influence on the CCHFV 

antibody status. All age categories were clearly different from group A (0-2 years). In 

addition, the second youngest age group B (3-4 years) differed almost from all others 

with one exception. There was no difference between B and the three next older 

cohorts C (5-6 years), D (7-10 years) and E (>10 years). When considering the species, 

there were no significant seroprevalence differences between goats and sheep nor 

between cattle and camels. 

  

4.5  Discussion 

 

The aim of the study was to reveal factors, which have a decisive impact on the CCHFV 

seroprevalences in different livestock species. For this purpose, several established 

diagnostic assays for serological IgG detection in cattle, sheep and goats were used. 

Since there was no diagnostic assay readily available for camels, a new camel-specific 

in-house ELISA was developed. With two exceptions, all negative reference sera were 

clearly negative. Two serological reactors from camels from Australia may either be 
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non-specific immune responses or represent cross-reactions to other 

orthonairoviruses circulating in Australia. An importation history for these camels from 

Africa/Arabia to Australia could be excluded. Furthermore, the detection of a distinct 

immune response in the serum of the immunized alpaca from the 14th day onwards 

supports the validity of the ELISA in terms of specific reactions (Tab. 4.1). This study 

provides an updated overview of the CCHFV-IgG antibody circulation in the four major 

livestock species in Mauritania. Using the same assay as Sas et al. (2017a), almost 

identical prevalence (69 % compared to 67 %) was found in cattle. Seroprevalence 

found in sheep (16 %) deviated only slightly from older data (18.3 %) of Gonzalez et 

al. (1990). So far, only 27 goat samples have been investigated in Mauritania within a 

human case report study of Nabeth et al. (2004a) finding three positive 

animals (11.1 %). We detected a prevalence of 15 % among 233 tested goats and thus 

could confirm these findings. Camels were never screened for CCHFV-specific 

antibodies in Mauritania before. Only a limited number of CCHFV seroprevalence 

studies in camels have been carried out so far (Spengler et al., 2016a), with recent 

findings indicating prevalences of 5.3 % in Iran (Champour et al., 2014), 10.5-14.4 % 

in Niger (Mariner et al., 1995), 21.3 % in Sudan (Suliman et al., 2017) and 67 % in the 

United Arab Emirates (Camp et al., 2020) respectively. Using the newly established 

camel-specific ELISA, this study revealed a surprisingly high proportion of positive 

animals (81 %). More detailed surveillance data on camels are therefore needed which 

should take the most important risk factors (age, collection site, tick infestation and 

husbandry system) into account to clarify the role of camelids in CCHFV transmission 

and maintenance cycles.  

Age and species dependent CCHFV antibody prevalences were observed for cattle 

and camels, as well as for sheep, and goats (Fig. 4.1 and Tab. 4.3). Significantly, 

higher CCHFV antibody prevalences were found in cattle and camels (37 % / 25 %) in 

young age groups (0-2 years) as compared to sheep and goats (8 % / 8 %). Moreover, 

antibody prevalences rise in the older age groups (3-4 years and older) in all species, 

however, cattle and camels reach more than 80 % CCHFV antibody prevalences while 

sheep and goats of the corresponding ages remain at about 20% respectively. Our 

findings correlate well with previous observations of age-depended seroprevalences 

found in sheep (Wilson et al., 1990) and cattle (Ibrahim et al., 2015; Lotfollahzadeh et 

al., 2011; Mohamed et al., 2008). Furthermore, it could be shown that the age also had 

a significant influence on CCHFV seroprevalences in goats and camels (Tab. 4.3 and 
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Fig. 4.1 A). It is clear that the steady rise of antibody prevalence with increasing age in 

all species can be due to an additive effect. However, hardly any experimental data 

are available on the CCHFV antibody persistence in livestock and wildlife, which would 

determine the extent of this effect. Obviously, a higher age coincides with a higher 

chance for CCHFV infection promoting tick infestations in endemic regions. Since 

infection induced antibody levels persist for longer periods, more seropositive animals 

will be found on population level. CCHFV infection studies in cattle, sheep and equids 

revealed that all examined species developed a short-term viremia (Spengler et al., 

2016b). Wilson et al. (1991) and Gonzalez et al. (1998) demonstrated IgG antibody 

titers in sheep lasting at least up to 30 respectively 40 days post infection (dpi). On the 

other hand, antibody persistence of up to 256 dpi (African hedgehog) and 512 dpi 

(Cape ground squirrel) was observed in wild mammals (Shepherd et al., 1989). In 

humans, IgG antibodies were detected up to 5 years after recovery from a CCHFV 

infection (Yadav et al., 2019). Unfortunately, there are no experimental data for 

camelids to date. More long-term CCHFV infection studies with livestock are necessary 

to improve our understanding of the humoral and cellular immunological memory in 

host species. 

Sheep and goats constitute as an important source of meat in Mauritania and therefore 

are slaughtered early. Cattle and camels are often used as dual-purpose breeds. 

These species are both kept for dairy farming and sent to the slaughterhouse when 

milk yields decrease. For meat production, primarily young animals are slaughtered. 

Due to the fact that female camels produce the largest amount of milk around between 

the 6th and 8th parity (i.e. 10-12 years of age) (Musaad et al., 2013), they reach a high 

average age and are often slaughtered late at the age of 18-20 when milk yields start 

to decrease gradually. This might be explain why most of the camels in this study were 

older than 10 years. However, age effects alone cannot explain prevalence differences 

between large and small ruminants in young, as well as in old age groups. Therefore, 

differences in husbandry systems may also play a role in terms of CCHFV 

seroprevalence. It was shown for cattle (Ibrahim et al., 2015) and small ruminants (Kasi 

et al., 2020b) that nomadic grazing would significantly increase seroprevalences due 

to higher tick exposition risks compared to stationary trough feeding systems. 

Vegetation, lack of tick treatment and the absence of poultry (which pick ticks) are also 

considered as potential risk factors (Kasi et al., 2020b). These parameters may also 
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account for higher prevalences in cattle and camels compared to sheep and goats of 

same age groups.  

 

4.6  Conclusion 

 

This study provides a comprehensive up-to-date overview of CCHFV IgG 

seroprevalences in the four most important Mauritanian livestock breeds, highlighting 

the role of two host-related risk factors (age and species). Older camels and cattle 

were significantly more often tested positive for CCHFV antibodies than younger small 

ruminants. In order to obtain more meaningful results, future CCHFV prevalence 

studies should at least consider the age of surveyed animals, to avoid 

misinterpretations. In addition, we have developed a camel-specific IgG ELISA that 

can be used in future CCHFV seroprevalence studies. 

 

4.7  Tables  

 

Table 4.1 Immunization results (OD value and final result in % (fR =[R-sample/R-positive] * 

100)) of the alpaca in the novel camel-specific IgG ELISA using two different coating proteins 

(N-Protein of Kosovo-Hoti and E. coli lysate)  

 

 

PC= positive control (camel field sample from Mauritania) dpi= days post immunization 
NC= negative control (German zoo camel) 

 

 

 

 

 

 

 

 

 

Protein coated PC NC  
Alpaca 

0 dpi 4 dpi 7 dpi 14 dpi 21 dpi 28 dpi 

N-protein 
  

1,568 -0,009 -0,006 0,044 -0,025 2,647 3,038 2,936 

- -1% 0% 3% -2% 169% 194% 187% 

E.coli lysate 
0,047 0,101 0,106 0,136 0,082 0,095 0,090 0,033 

- 6% 7% 9% 5% 6% 6% 2% 
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Table 4.2 Results of seroepidemiogical studies in cattle, goats, sheep and camels in 

Mauritania 

 

Region 

Cattle Goats Sheep Camels 

p/n prev. (%) p/n prev. (%) p/n prev. (%) p/i/n prev. (%) 
inc. 
(%) 

Adrar - - - - - - 
 5/0/5 

100 0% 

  
(49-100) (0-52) 

Assaba  - -  8/28 
29 

 7/32 
21 

- - - 
(13-49) (9-40) 

Brakna  14/28 
50 

 2/8 
25 

 5/10 
50 

- - - 
(31-69) (3-65) (19-81) 

Guidimaka - -  2/39 
5 

 2/32 
6 

- - - 
(1-17) (1-21) 

Hodh  
 39/41 

95 
 15/41 

37 
 6/40 

15 
- - - 

El Chargui (83-99) (22-53) (6-30) 

Hodh 
 35/53 

66 

- -  17/81 

21 

- - - 
EL Gharbi (52-78) (13-31) 

Nouakchott  43/65 
66 

- - - -  83/3/93 
89 3 

(53-77) (81-91) (1-9) 

Inchiri - -  8/51 
16 

 2/29 
7 

 6/5/21 
29 24 

(7-29) (1-23) (11-52) (8-47) 

Tagant  7/14 
50 

 0/55 
0 

 0/5 
0 

- - - 
(23-77) (0-6) (0-52) 

Tiris 
- - - - - -  7/1/8 

88 13 

Zemmour (47-100) (0-53) 

Trarza - -  0/11 

0 

 0/18 

0 

 98/13/120 

82 11 

(0-28) (0-19) (74-88) (6-18) 

Total 138/201 69 (62-75) 35/233 15 (11-20) 39/247 16 (11-21) 199/22/247 81 (75-85) 9 (9-13) 

 

p= positive n= number of tested individuals inc. = inconclusive result (ELISA) 

*= Nouakchott, officially subdivided into three separated regions, has been treated as one region  

95 % confidence interval (CI %) in brackets 
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Table 4.3 Age-related prevalence of IgG-specific CCHFV antibodies in cattle, goats, sheep 

and camels 

 

                  

Age group 
(years)  

Cattle (Øage: 10.17) Goats (Øage: 2.88) Sheep (Øage: 2.91) Camels (Øage: 11.55) 

prev. (%) p/n prev. (%) p/n prev. (%) p/n prev. (%) p/n 

A 0-2 
37 

 22/60 
8 

 8/95 
8 

 9/116 
25 

 2/8 
(25-50) (4-16) (4-14) (3-65) 

B 3-4 
63 

 10/16 
20 

 17/87 
22 

 18/82 
88 

 7/8 
(35-85) (12-29) (14-32) (47-100) 

C 5-6 
92 

 23/25 
20 

 4/20 
28 

 12/43 
100 

 5/5 
(74-99) (6-44) (15-44) (48-100) 

D 7-10 
94 

 64/68 
75 

 6/8 
0 

(0-98) 
0/1 

90 
 9/10 

(86-98) (35-97) (55-100) 

E >10 

  

85 
 17/20 - 

  
- 

  
- 

  
- 

  

92 
 167/182 

  (62-97) (87-95) 

 

prev. = prevalence p= positive n= number of tested individuals  
95 % confidence interval (CI %) in brackets 

 

 

 

Table 4.4 Results of the generalized linear mixed-effects model (GLMM) for age (a) and 

species (b) after p-value adjustment using multivariate t- distribution. The significance level 

was set to 0.05. Significant results were marked in bold. 

 

 

 

 

 

Differences between age groups p-value  
 

Differences between species p-value 

A: 0-2 – B: 3-4 < 0.0001  
 

Camel – Cattle 0.9609 

A: 0-2 – C: 5-6 < 0.0001  
 

Camel - Goat < 0.0001 

A: 0-2 – D: 7-10 < 0.0001  
 

Camel - Sheep < 0.0001 

A: 0-2 – E: > 10 < 0.0001  
 

Cattle - Goat < 0.0001 

B: 3-4 – C: 5-6 0.5970  
 

Cattle - Sheep < 0.0001 

B: 3-4 – D: 7-10 0.0003  
 

Goat - Sheep 0.9915 

B: 3-4 – E: >10 0.0458  
   

C: 5-6 – D: 7-10 0.0112  
  

C: 5-6 – E: >10 0.3709  
  

D: 7-10 – E: >10 0.7875  
  

a b 
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4.8  Figures  

 

 

Figure 4.1 Effects of age (a) and species (b) regarding CCHFV IgG antibody status in different 

livestock species in Mauritania. Overall, for 850 of 928 samples age, species, region and an 

unambiguous CCHFV-antibody status were available. All inconclusive results were excluded. 

Fig. 4.1 B summarizes the age dependency for all four animal species. 
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5 MANUSCRIPT II:  
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reservoirs and vectors for Crimean-Congo hemorrhagic fever 

orthonairovirus in sub-Saharan Africa 
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17493 Greifswald-Insel Riems, Germany 
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Riems, Germany 
 

 

5.1  Abstract  

 

The species identification of tick vectors of Crimean-Congo hemorrhagic fever 

orthonairovirus (CCHFV), especially Hyalomma (H.) species, is a prerequisite to 

understand the eco-epidemiology of this disease and to reveal vector and virus 

reservoir species. However, the morphologic species discrimination can be difficult for 

damaged or blood-fed ticks and in case of species intercrosses. Therefore, we used 

matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-

TOF MS) and restriction fragment length polymorphism (RFLP) analysis to distinguish 

the most common Hyalomma species from sub-Saharan Africa (H. truncatum, H. 

rufipes and H. dromedarii). Within the last years, MALDI-TOF MS analysis based on 

tick leg proteins has been shown to be a reliable method to distinguish several tick 

species. For this purpose, a reference spectral library of several European, American 

and African tick species was established. In this study, six different Hyalomma species 

were tested, all of which were all clearly distinguishable by mass spectrometric 

analyses. Moreover, MALDI TOF- MS was able to confirm morphologic findings where 

sequencing provided ambiguous results. In addition, a polymerase chain reaction 

(PCR) based on the CO1 gene amplification of ticks has been developed for the 

unequivocal species identification by amplicon sequencing and specific restriction 

endonuclease cleavage pattern analysis. RFLP proved to be a feasible auxiliary 
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discrimination tool for selected Hyalomma species when access to sequencing 

methods is not available, as for instance during field studies.  

  

 

Ticks and Tick-borne Diseases (2020) 
101382 (https://doi.org/10.1016/j.ttbdis.2020.101382) 
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6  MANUSCRIPT III:  

 
Detection of Crimean- Congo hemorrhagic fever orthonairovirus 

(CCHFV) in Hyalomma ticks collected from Mauritanian livestock- 
more than just a virus indicator? 

 

A. Schulz1, Y. Barry2, F. Stoek1, M.J. Pickin1, A. Eisenbarth1, M. Eiden1, M.H. Groschup1 

 

 
1Friedrich-Loeffler-Institut, Institute of Novel and Emerging Infectious Diseases, Südufer 10, 
17493 Greifswald-Insel Riems, Germany 
 
2Office National de Recherche et de Développement de l'Elevage (ONARDEL), Nouakchott, 
Mauritania 

 

6.1  Abstract  

 

Crimean- Congo hemorrhagic fever orthonairovirus (CCHFV) belongs to the 

Nairovididae family in the Orthonairovirus genus and is an emerging tick-borne virus. 

CCHFV is present in most parts of Africa, Asia as well as southern Europe. It can cause 

severe hemorrhagic symptoms in humans with a high fatality rate (5- 30 %). Hyalomma 

ticks were collected from four different livestock herds (cattle and camel) in Mauritania 

in 2018. The tick species was determined morphologically and confirmed on a 

molecular level using cytochrome oxidase 1 gene marker (CO1). For the detection of 

CCHFV ticks were tested individually with a one-step multiplex real-time RT-qPCR. 

Subsequently all positive samples were sequenced (S segment) to determine the 

CCHFV genotype. Overall, 39 of 1523 ticks, collected from 63 cattle and 28 camels, 

tested positive for CCHFV (2.56%). All ticks belonged to three different Hyalomma 

species. The highest prevalence was found in H. rufipes (5.67 %; 16/282), followed by 

H. dromedarii (1.89 %; 23/1214) and H. impeltatum (0 %; 0/21). Positive ticks were 

found on only 6 out of the 91 source animals which is indicative for horizontal infections. 

Sequencing of positive samples revealed two different lineages (Africa I and Africa III). 

This study confirms the CCHFV prevalence (2.56 %) in Hyalomma ticks collected from 

camels and cattle in Mauritania. The true prevalence of unfed ticks is probably much 

lower since a considerable number of ticks are likely to have been passively infected 

during the blood meal by co-feeding or viremia of the host. Tick control measures 

should be implemented, especially in the examined areas. 
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6.2  Introduction  

 

Crimean- Congo hemorrhagic fever virus (CCHFV) belongs to the Nairovididae family 

in the Orthonairovirus genus and is an emerging zoonotic arthropod-borne virus 

causing Crimean-Congo hemorrhangic fever (CCHF). CCHFV is present in most parts 

of Africa, southern Asia as well as southern Europe (Bente et al., 2013; Hoogstraal, 

1979). The virus is characterized by high genetic diversity (Deyde et al., 2006). Ticks 

of the genus Hyalomma are considered to be the main vector and reservoir of the virus 

(Whitehouse, 2004). Most, if not all, diverse Hyalomma feeding hosts (ranging from 

wildlife species to domesticated animals) can be infected, but seem only to develop a 

short-term viremia without clinical symptoms (Spengler et al., 2016a). In contrast, 

CCHFV infections in humans can lead to severe hemorrhagic symptoms with a high 

lethality rate of up to 30 % (Whitehouse, 2004). Seroepidemiological studies of 

different susceptible livestock and wildlife can provide a first indication appreciation 

whether CCHFV is circulating in certain regions and thus have become an important 

cornerstone for defining potential endemic risk-areas (Spengler et al., 2016a; Spengler 

et al., 2016b). However, serological surveys cannot provide information on the true 

virus prevalence, CCHFV strain genetics and host-vector dynamics. These data can 

only be obtained by complex experimental studies of tick-host transmission, which are 

conducted according to stringent guidelines as described by Gargili et al. (2017). As a 

compromise to these complex experiments, ticks from less complicated field studies 

are often screened for the presence of virus, although these findings must be 

interpreted cautiously. The detection of CCHFV in engorged ticks is only evidence for 

virus presence but it does not imply the vector competence of a tick, since passive 

contamination from blood of the host cannot be excluded (Gargili et al., 2017). 

According to WHO data, Mauritania in West Africa is considered a highly endemic 

country with a large annual number of human CCHF cases. Traditional husbandry is 

common meaning close contact between livestock and farmers. The first evidence of 

a human CCHFV case in Mauritania was reported in 1983 (Saluzzo et al., 1985a). 

Several serological studies on livestock revealed a high seroprevalence of 15 % in 

small ruminants (Gonzalez et al., 1990; Nabeth et al., 2004a) and up to 67 % in cattle 

(Sas et al., 2017a), underlining the high endemic status of the country. Despite this 

high seroprevalence, CCHFV prevalence in ticks has not been systematically studied 

in Mauritania. The first comprehensive survey was conducted in 1985 and included 
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2539 ticks collected from cattle, sheep, goats, camels and horses (Saluzzo et al., 

1985b). The samples were pooled and analyzed using complement-fixation test, 

resulting in 12/172 (6-9 %) CCHFV positive tick pools. Of four analyzed tick species 

(H.rufipes, H. marginatum, H. impeltatum and H. dromedarii), only H. rufipes pools 

were positive. In a second study, 378 engorged and non-engorged ticks of two different 

genera (Hyalomma and Rhipicephalus) were tested for CCHFV. Only in four Rh. 

evertsi evertsi collected from sheep were CCHFV detected whereas all Hyalomma 

ticks showed negative results (Nabeth et al., 2004a).  

The aim of the presented study was to obtain recent data on the circulation of CCHFV 

in livestock and Hyalomma ticks in Mauritania. Special emphasis was laid on an 

accurate species identification of the ticks (Estrada-Pena et al., 2013; Gargili et al., 

2017) and recording sample histories to improve our understanding of the host-vector 

dynamics in the sampled herds. Moreover, CCHFV genotypes were determined. 

Results contribute to the CCHFV exposure risk analysis for local farmers, butchers and 

others working/living in close contact with livestock. 

 

6.3  Materials and methods  

 

6.3.1 Collection sites 

 

Mauritania is a large West African country with mostly Sahara-covered landscape and 

low population density. Samples were collected in the surrounding region to the capital 

Nouakchott and the town of Rosso. Camels were sampled at a livestock market with 

an associated slaughterhouse (Tenweich) on the outskirts of Nouakchott. In addition, 

one cattle herd was sampled at a dairy farm 60 km east of Nouakchott near the small 

village Idini (Trarza). Two other sampling sites for cattle and camels respectively were 

located in the surrounding area of Rosso (Trarza) in southwestern Mauritania. The 

distance between Nouakchott and Rosso is about 200 km.  

 

6.3.2 Collection of samples 

 

Up to 30 Hyalomma ticks were collected from 28 camels and 63 bovines from the four 

aforementioned herds. Moreover, blood samples were taken from most of these 

animals (Idini, cattle: n= 49; Nouakchott slaughterhouse, camels: n= 13; Rosso, 
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camels: n=15). No blood samples were available from the cattle herd in Rosso. Since 

Hyalomma ticks are considered as the main vector and reservoir for CCHFV, ticks from 

other genera were excluded from this field study. Collected ticks were stored at - 80 °C 

without any medium at the Office National de Recherche et de Développement de 

l'Elevage (ONARDEL) in Nouakchott. Ethanol (90%) was added to the samples 

immediately prior to their shipment to the Friedrich- Loeffler- Institute (FLI). The sample 

collection was carried out by the Mauritanian State Veterinary Laboratory ONARDEL 

following all relevant national as well as international regulations and according to 

fundamental ethical principles for diagnostic purposes in the framework of a 

governmental program for animal health surveillance. 

 

6.3.3 Morphological and molecular species identification 

 

All ticks were morphologically identified using the identification keys of Apanaskevich 

et al. (Apanaskevich and Horak, 2008a, b, 2009; Apanaskevich et al., 2008). Individual 

ticks were homogenized in AVL buffer (Qiagen) using a Tissuelyser II (Qiagen) 

machine. The homogenates were cleared by centrifugation and supernatants used for 

nucleic acid extraction. DNA/RNA was extracted using a a KingFisher Flex instrument 

(ThermoFisher) with the NucleoMag® VET kit (Macherey-Nagel, Germany) according 

to the manufacturer`s protocol. A selected number of hard to determine as well as 

CCHFV-positive ticks were species identified using cytochrome oxidase 1 gene 

sequencing and restriction fragment length polymorphism (Schulz et al., 2020).  

 

6.3.4 CCHFV genome detection 

 

RNA extracted from individual ticks and serum samples was used to screen for 

CCHFV. The screening was performed using a modified one-step multiplex assay 

(qRT-PCR; Sas et al. (2018)) as described previously (Kasi et al., 2020b). Samples 

were considered “positive” in case of Ct-values below 35 and “weak-positive” if 

between 35 and 40. 

 

6.3.5 Molecular and phylogenetic analyzes of CCHFV genotypes 

 

In order to get a first insight into the detected CCHFV genotypes, amplicons (127 bp) 

of the qRT-PCR products of all positive-tested samples were sequenced by Sanger 
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sequencing (Eurofins) and compared by using the BLAST tool (NCBI). For this 

purpose, the PCR protocol was performed using only one primer pair ("CCHF-III"). Due 

to the small length of the PCR product, it was necessary to amplify a larger segment 

from the S segment, which allows a more meaningful phylogenetic analysis. Therefore, 

primers complimentary close the terminal regions were chosen based on the most 

related sequence in the BLAST results. The primers to amplify African linage 1 were: 

“for 5’- AACACGTGCCGCTTACGC” and “rev 5’ – TATCGTTGCCGCACAGCC”; 

and for African linage 3, “for 5’ – ATGGAAAACAAAATCGAGGTGAATAACAAAGAT” 

and “rev 5’ – TTAGATAATGTTAGCACTGGTGGCATT”. Both the reverse transcription 

using SuperScript IV Reverse Transcriptase (Thermofisher) with the reverse primer as 

well as the PCR using the KAPA HiFi HotStart ReadyMix PCR Kit (Kapa Biosystems) 

were performed according to the manufacturer's instructions. The amplified fragment 

was sequenced by Sanger sequencing (Eurofins) and used to create a phylogenetic 

tree (Fig. 5.1). 

 

6.3.6 Statistical analysis 

 

Statistical analyses included 95 % confidence intervals (CI), Fisher's exact test and 

chi-square test. Therefore, R software and R-Studio (an integrated development 

environment for R) were used for the calculation (R Core Team, 2019). Those ticks 

that could not be species identified were excluded for Fisher's exact test and chi-

square test (Table 6.1). 

 

6.4  Results  

 

6.4.1 Tick species and their distribution on hosts 

 

Overall, 1523 blood-fed ticks were collected from 63 cattle and 28 camels. 

Morphological identification revealed that three different tick species (H. dromedarii, H. 

rufipes and H. impeltatum) were present in the surveyed areas. Due to the large 

morphological diversity of Hyalomma ticks and the similarity of H. dromedarii and H. 

impeltatum, 219 specimens were identified genetically by the restriction fragment 

length polymorphism (RFLP) approach. Furthermore, the CO1 gene amplicon used for 

restriction digest was sequenced from 47 ticks to unambiguously identify their species. 
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However, for six Hyalomma ticks the exact species could not be determined. Results 

of species determination and distribution among the different collection sites and hosts 

are summarized in Table 6.1. H. dromedarii represented the by far largest population 

(79.58 %), followed by H. rufipes (18.52 %) and H. impeltatum (1.51 %). Despite the 

predominance of H. dromedarii, a great variation was observed regarding the 

distribution of tick species across the different sampled regions and hosts. In both 

camel herds, the percentage of H. dromedarii was almost 100 % while ticks of other 

species were found only sporadically. In contrast, the distribution of tick species among 

the two cattle herds was considerably more heterogeneous. A large number of 

H. dromedarii individuals (88.43 %) were identified on the dairy farm in Idini, although 

H. rufipes (6.94 %) and H. impeltatum (3.64 %) were also recorded. On the other hand, 

85.34% of the collected ticks from the cattle herd in Rosso were identified as H. rufipes 

and only 14.66 % as H. dromedarii. The distribution of sexes (Table 6.2) showed nearly 

a 70:30 ratio of males to females across all four collection sites. In the cattle herd from 

Rosso the proportion of male ticks was slightly higher as compared to the other 

sampling sites. 

 

6.4.2 CCHFV prevalence in ticks and sera 

 

Of the 1523 individual Hyalomma ticks analyzed, 39 tested positive for CCHFV by qRT-

PCR and 23 were considered “weak-positive”. A comprehensive summary is given in 

Table 6.1. The CCHFV prevalence between species and sampling sites showed some 

significant differences. Overall, 23 out of 1214 H. dromedarii (1.89 %) and 16 out of 

282 H. rufipes (5.67 %) were found to be positive for CCHFV. All 21 examined 

H. impeltatum ticks were negative. Only three H. dromedarii collected from camels at 

the Tenweich slaughterhouse tested positive (0.85 %). In contrast, all ticks from the 

camel herd in Rosso region were negative, whereas 7 out of 266 ticks (all H. rufipes) 

originating from cattle in the same region were positive (2.63 %). The highest 

prevalence (4.79 %) was found in the cattle herd from Idini region where 29 positive 

ticks were identified in a total of 605. Overall, 20 of 537 H. dromedarii (3.72%) and 9 

of 42 H. rufipes (21.43%) were CCHFV-positive, while all H. impeltatum ticks were 

negative. In total, 2.28 % of female and 2.67 % male sampled ticks were CCHFV-

positive. No significant sex differences were observed in terms of CCHFV prevalence 
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(Table 6.2). All 77 collected serum samples of camels and cattle were tested negative 

for CCHFV. 

 

6.4.3 Distribution of positive-tested ticks on the sampled livestock 

 

The distribution of all CCHFV-positive ticks on cattle and camels is summarized in 

Table 6.2. Positive ticks were found on 6 of 91 (6.59%) sampled animals. In four cattle, 

either more than one of the collected ticks were positive or were associated with an 

increased number of “weak-positive” ticks. In one case, “Cattle no. 1”, all 22 collected 

ticks were CCHF-positive. In each of the four cattle, one of the collected ticks was 

highly positive with much higher levels of S-segment RNA (lower ct- value) compared 

to the other ticks collected from the same bovine. In three cases, these highly positive 

ticks were identified as H. rufipes and in one case determined to be H. dromedarii. In 

"Cattle no. 5“, a one single CCHFV-positive tick (H. rufipes) was found, while the 

remaining seven ticks were negative. All of the three CCHFV-positive ticks collected 

from "Camel no. 1" were identified as H. dromedarii. The viral S-segment RNA levels 

were almost identical in all three samples. No “weak-positive” ticks were found on the 

camels. 

 

6.4.4 Phylogeny of CCHFV genotypes 

 

To determine the CCHFV genotypes the 127bp qRT-PCR amplicons were sequenced. 

Sequences were obtained for 28 of the 39 positive ticks and compared by using the 

BLAST tool (NCBI). Essentially, two different CCHFV genotypes, Africa I and Africa III, 

were found (Table 6.3 / 6.4). Ticks originating from the same animal carried the same 

CCHFV genotype. However, two different lineages (Africa I and III) circulated 

simultaneously within ticks sampled from cattle in Idini. (Table 6.3). Lineages also 

differed between collection sites and/or host species (Table 6.4). The Africa I lineage 

detected in ticks from cattle (Idini) and camel (Tenweich slaughterhouse) shared 

nucleotide differences of 3.15 %. Africa III genotypes found in ticks feeding on cattle 

from Idini and from Rosso varied by 2.17 %. The overall difference between the Africa 

I and Africa III lineages ranged from 10.04 % between the cattle herd from Idini (I) and 

Rosso (III) up to a maximum of 13.19 % between camels from Tenweich 

slaughterhouse (I) and cattle from Rossi/Idini (III). To confirm that the short amplicon 
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was representative for the whole segment, the complete coding region of the S 

segment from two CCHFV-positive ticks was RT-PCR amplified and sequenced. 

Alignments with GenBank database sequences revealed a 97.5 % and 99.4 % 

nucleotide similarity for the protoypic Africa I and Africa III strains respectively. 

Construction of a phylogenetic tree (Figure 6.1) shows both sequences cluster well 

with the reference strains of Africa I (Senegal) and III (Mauritania/Mali).  

 

6.5  Discussion 

 

Previous serological studies have shown a high CCHFV antibody seroprevalence in 

Mauritanian livestock and several severe CCHFV cases have been reported in 

humans. Hence, Mauritania is considered to be a high-endemic country for CCHFV 

(Gonzalez et al., 1990; Kleib et al., 2016; Nabeth et al., 2004a; Saluzzo et al., 1985a; 

Sas et al., 2017a). CCHF cases were also confirmed in Senegal which boarders 

Mauritania to the south (Nabeth et al., 2004b; Tall et al., 2009). In Mali, east of 

Mauritania, no human cases of CCHF have been reported. However, serological data 

(Maiga et al., 2017) and virus detection in ticks (Zivcec et al., 2014) have proven a 

CCHFV circulation also in Mali. CCHFV monitoring in ticks (especially of genus 

Hyalomma) has not yet been conducted systematically in this West African region. 

Existing data sets are either small-scaled, outdated or were generated by the analysis 

of tick pools with focus on virus detection and thus allow only limited conclusions on 

the species of positive ticks (Nabeth et al., 2004a; Saluzzo et al., 1985b; Zeller et al., 

1997; Zivcec et al., 2014). Therefore, this study was carried out to provide a better 

understanding of host-vector dynamics and the current epidemiological situation in 

Mauritanian livestock herds.  

The presence of the three tick species H. rufipes, H. dromedarii and H. impeltatum in 

Mauritania is consistent with previous reports from the region (Apanaskevich and 

Horak, 2008a, 2009; Apanaskevich et al., 2008). The primary host of H. dromedarii are 

camels (Apanaskevich et al., 2008), which explains the high number of specimen 

(97.01 – 98.58 %) found on camels in the Rosso and Tenweich regions (Table 6.1). 

Due to the important role that camels play as agricultural livestock for milk and meat 

production in Mauritania, there is a high camel density in the country (Mint Mohamed 

Lemine et al., 2017). Moreover, cattle and other ungulates can also be infested by adult 

stages of H. dromedarii (Apanaskevich et al., 2008), especially if camels and cattle are 
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held in close contact. Thus, the 88.71 % H. dromedarii ticks found on cattle from Idini 

were not an exceptional finding. The higher rate of male ticks across all four sampling 

sites (Table 6.2) is probably caused by the absence of female ticks during oviposition, 

which is taking place in the environment and not on the host itself (Estrada-Pena and 

de la Fuente, 2014).  

In total, 39 /1523 (2.56 %) of the blood-fed ticks collected from cattle and camels were 

CCHFV- positive (Table 6.1). The highest prevalence was found in both cattle herds 

from Idini (4.79 %) and Rosso (2.63 %), followed by the camels from the Tenweich 

slaughterhouse (0.85 %). No positive ticks were found on camels from Rosso region. 

The reasons for different CCHFV prevalences across collection sites and host species 

are various and require careful interpretation. One explanation could be a difference in 

susceptibility of cattle and camels for the virus and/or a better capability of cattle to 

support a long lasting viremia. So far, only a small number of CCHFV infection 

experiments have been conducted with different livestock (cattle, sheep and horses), 

which showed that all species developed a short-term viremia of similar duration 

(Spengler et al., 2016b). However, no experimental data of CCHFV infections with 

camelids are available to date to prove this assumption. There remains a need for 

further infection experiments comparing the susceptibility for CCHVF of different host 

species. 

The tick species themselves may have an impact on the CCHFV prevalence. Ticks of 

the genus Hyalomma are considered as main vector and reservoir of CCHFV (Gargili 

et al., 2017), but it is still unknown whether all of the currently recognized 27 Hyalomma 

species (Horak et al., 2002; Sands et al., 2017) can function as efficiently as virus 

reservoir and/or vector. Despite the considerably higher number (79.71 %) of H. 

dromedarii ticks (Table 6.1), more H. rufipes (5.67 %) than H. dromedarii (1.89 %) ticks 

were CCHFV-positive. This difference was most obvious among the cattle herd from 

Idini, where 21.43 % H. rufipes and only 3.72 % H. dromedarii were CCHF-positive. 

Nevertheless, since our data were derived from blood-fed ticks, speculations about 

vector competence have to be interpreted cautiously. Co-feeding and/or viremic hosts 

(Gonzalez et al., 1992; Gordon et al., 1993; Jones et al., 1997; Logan et al., 1990) may 

have also contributed to the concentrated occurrence of some of the 39 positive ticks 

collected from 6 (of 91) animals (Table 6.3). Interestingly, one of several positive ticks 

collected from four bovines in Idini and Rosso (no. 1- 4) each had much higher levels 

of S-segment RNA than the co-infesting ticks. This observation may indeed indicate 
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co-feeding infections or viremic host animals. It is also noteworthy that three of four 

highly positive ticks in Idini (88.76% H. dromedarii vs. 6.94% H. rufipes) were identified 

as H. rufipes (Table 6.3) which is suggestive for a better vector competence of 

H. rufipes for CCHFV. Genomic data proving the very exact genome sequence for all 

ticks from a given bovine support this assumption (Table 6.3 / 6.4). Apparently, as a 

great number of ticks have been passively infected via blood meal, the true CCHFV 

prevalence in unfed ticks and thus the absolute risk of exposure to local farmers may 

be considerably lower than the measured 2.56 %. Nevertheless, it is recommended to 

enforce tick control strategies and encourage public awareness of tick bite prevention 

in examined areas. At least two different CCHFV genotypes (Africa I and III) were found 

in ticks in Mauritania, either alone or even circulating side by side simultaneously as 

observed in one cattle herd from Idini (Table 6.3 / 6.4).  
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6.6  Tables 

 

Table 6.1 Overview showing results across all four sampled herds, including the number of 

specimens of different species, CCHF-positive ticks and analysis for correlation between the 

three identified species and CCHFV status by chi-square test (p < 0.05). 

 

 

n= number of ticks   p= number of CCHF-positive ticks  prev. = prevalence 

Hyalomma sp. = not identified species 95 % confidence interval (CI %) in brackets 

*= no p-value available, because of the absence of H. impeltatum at this sampling site 

Traza-Quaduaga-Idini Cattle (n=43)  Tenweich slaughterhouse/ market Camel (n=14) 

Tick species/ positve ticks  Tick species/ positve ticks 

Species n % p Prev./total prev/species  n % p Prev./total Prev./species 

Hyalomma sp. 6 0.99 % 0 
0 % 0 %  

0 0 % 
  

0 
 

0 % 0 % 

(0-0.06) (0-16.84)  (0-1.05) (-) 

H. dromedarii 537 
  

88.76 % 
  

20 
 

3.31 % 3.72 %  
346 

  
98.58 % 

  
3 
 

0.85 % 0.87 % 

(2.03-5.06) (2.29-5.69)  (0.78-2.48) (0.18-2.51) 

H. impeltatum 20 3.31 % 0 
0 % 0 %  

0 0 % 0 
 

0 % 0 % 

(0-0.06) (0-16.84)  (0-1.05) (-) 

H. rufipes 42 
  

6.94 % 
  

9 
 

1.49 % 21.43 %  

5 
  

1.42 % 
  

0 
 

0 % 0 % 

(0.06-2,8) (10.3-36.81)  (0-1.05) (0-52.18) 

In total 605 
  

  
29 
 

4.79 %  p-value:  
351 

  

  
3 
 

0.85% p-value: 

  (3.23-6.81)  0.001    (0.78-2.48)  N.A.* 

            

Rosso region Cattle (n=20)  Rosso region Camel (n=14) 

Tick species/ positve ticks  Tick species/ positve ticks 

Species n % p Prev./total Prev./species  n % p Prev./total Prev./species 

Hyalomma sp. 0 0 % 0 
0 % 0 %  

0 0 %  0 
 

0 % 0 % 

(0-1.38) (-)  (0-1.21) (-) 

H. dromedarii 39 14.66% 0 
0 % 0 %  

292 
  

97.01 % 
  

0 
 

0 % 0 % 

(0-1.38) (0-9.03)  (0-1.21) (0-1.26) 

H. impeltatum 0 0 % 0 
0 % 0 %  

1 0.33 % 0 
 

0 % 0 % 

(0-1.38) (-)  (0-1.21) (0-95.7) 

H. rufipes 227 85.34% 7 
2.63 % 3.08 %  

8 
  

2.66% 
  

0 
 

0 % 0 % 

(1.06-5.35) (1.25-6.25)  (0-1.21) (0-36.94) 

In total 266 
  

0 
2.63 %  p-value:  

301 
  

  
0 
 

0 %  p-value: 

  (1.06-5.35) N.A.*  
  (0-1.21)  0.531 

   

 
         

 Total (n=91)   

Tick species / positve ticks   

Species n % p prev/total prev/species  

Hyalomma sp. 6 0.39 % 0 
0 % 0 %  

(0-0.24) (0-45.93)  

H. dromedarii 1214 79.71 % 23 
1.51 % 1.89 %  

(1.2-2.83) (0.96-2.26)  

H. impeltatum 21 1.38 % 0 
0 % 0 %  

(0-0.24) (0-16.11)  

H. rufipes 282 18.52 % 16 
1.05 % 5.67 %  

(0.6-1.7) (3.28-9.05)  

In total 1523 
  

39 
2.56 %  p-value:  

  (1.83-3.48) <0.001   
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Table 6.2 Sex distribution of sampled ticks at the different collection sites and 

correlation between sex and CCHFV status by Fisher's exact test (p < 0.05). 

 

 

n= number of ticks  prev. = prevalence  f= female  m= male       

p= number of CCHF-positive ticks 95 % confidence interval (CI %) in brackets   

 

 

 

 

 

 

 

 

 

 

Traza-Quaduaga-Idini Cattle (n=43)  

Sex n % p Prev./total Prev./sex p-value 

f 190 31.40 % 8 1.32 % (0.57-2.59) 4.21 % (1.84-8.13) 
0.8378 

m 415 68.60 % 21 3.47 % (2.16-5.26) 5.06 % (3.16-7.63) 

 605  29   
 

      
 

Tenweich Slaughterhouse Market Camel (n=14)  

Sex n % p Prev./total Prev./sex p-value 

f 106 30.20 % 2 0.57 % (0.07-2.04) 1.89 % (0.23-6.65) 
0.2178 

m 245 69.80 % 1 0.28 % (0-1.58) 0.41 % (0.01-2.25) 

 351  3   
 

      
 

Rosso region Camel (n=14)  

Sex n % p Prev./total Prev./sex p-value 

f 83 27.57 % 0 0 % (0-1.22) 0 % (0-4.35) 
1 

m 218 72.43 % 0 0 % (0-1.22) 0 % (0-1.68) 

 301  0   
 

      
 

Rosso region Cattle (n=20)  

Sex n % p Prev./total Prev./sex p-value 

f 59 22.18 % 0 0 % (0-1.38) 0 % (0-6.06) 
0.354 

m 207 77.82 % 7 2.63% (1.37-6.84) 3.38 % (1.37-6.84) 

 266  7   
 

 
Total (n=91) 

 

Sex n % p Prev./total Prev./sex p-value 

f 438 28.76 % 10 0.66 % (0.32-1.2) 2.28 % (1.1-4.16) 
0.724 

m 1085 71.24 % 29 1.90 % (1.28-2.73) 2.67 % (1.8-3.82) 

 1523  39   
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Table 6.3 All sampled animals on which CCHF-positive ticks were found (6 out of 91), including 

weak-positive tested ticks on those individuals and the species of the most positive sample. 

The CCHFV genotype was determined by comparing the qRT-PCR product (127 bp) using the 

BLAST Tool. 

 

n= number of ticks  p= positive ticks (+) = weak-positive ticks 

 

 

Table 6.4 Genetic distances (%) between the CCHFV lineages found in the respective positive 

ticks on cattle and camels by comparing the qRT-PCR amplicons (127 bp). In all positive ticks 

originated from the same host animal, both the genotype and the detected gene sequence 

were identical. 

Host animal / region/ strain 

Cattle No.1 Cattle No.2 Cattle No.3 Cattle No.4 Cattle No.5 Camel No.1 

Idini region Idini region Idini region Rosso region Idini region Tenweich region 

Africa I Africa I Africa I Africa III Africa III Africa I 

Cattle No.1 Idini region Africa I - 100% 100% 89.96 % 89.76 % 96.85 % 

Cattle No.2 Idini region Africa I 100% - 100% 89.96 % 89.76 % 96.85 % 

Cattle No.3 Idini region Africa I 100% 100% - 89.96 % 89.76 % 96.85 % 

Cattle No.4 Rosso region Africa III 89.96 % 89.96 % 89.96 % - 97.83 % 86.81 % 

Cattle No.5 Idini region Africa III 89.76 % 89.76 % 89.76 % 97.83 % - 86.81 % 

Camel No.1 Tenweich region Africa I 96.85 % 96.85 % 96.85 % 86.81 % 86.81 % - 

 

 

 

 

 

 

 

 

 

 

 

Region 
Host 

species 
n p (+) 

Tick sample with the highest ct- value  CCHFV genotype 

Lowest 
ct- value  

Species (lowest ct- 
value) 

Second-lowest 
ct- value 

  

Idini Cattle no. 1 22 22 0 18.26 H. rufipes 28.62  Africa I 

Idini Cattle no. 2 30 1 8 19.44 H. dromedarii 35.22  Africa I 

Idini Cattle no. 3 22 5 9 19.68 H. rufipes 34.44  Africa I 

Rosso Cattle no. 4 21 7 3 28.8 H. rufipes 31.52  Africa III 

Idini Cattle no. 5 8 1 0 26.66 H. rufipes -  Africa III 

Tenweich Camel no. 1 24 3 0 28.67 H. dromedarii (3x) (29.89; 29.56)  Africa I 

 In total 127 39 20      
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6.7  Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1 Phylogenetic tree showing the genetic relationships of the small (S) segment of the 

protypic strains and selected CCHFV-positive samples from Mauritania (1384 bp). The tree 

was generated using Neighbor-Joining algorithm and Jukes-Cantor distance model in 

Geneious version 2019.2 (Biomatters, available from https://www.geneious.com). The tree 

was midpoint rooted using FigTree v1.4.4 (available from https://github.com/rambaut/figtree/r

Asia-2 (IV) 

Asia-1 (IV) 

Europe-1 (V) 

Africa-1 (III) 

Africa-2 (II) 

Africa-3 (I) 

Europe-2 (VI)  DQ211638_Greece  
 Tick MR_194_Idini 

 DQ211640 Senegal  
 KY484027 Senegal  
 DQ211639 Senegal  
 DQ211650 Kongo  
 KX013485 Uganda  

 DQ076413 Uganda  
 NC_005302 Nigeria  
 CHU88410_Nigeria  

 KJ682820 Namibia  
 Tick MR 225 Idini  
 KF793333_Mali  

 DQ211641 Mauritania  

 GQ862372 Sudan  
 KJ682819_South_Africa  

 DQ076415 Uganda  

 KJ027521_Iran  
 DQ206447 Russia  

 GU477489_Bulgaria  
 GQ337053_Turkey  

 KM201260_Bulgaria  
 JN173797_Russia  
 DQ133507_Yugoslawia  

 KJ676542_Iran_  

 JN572089_India  
 JF922679_India  
 JX051650_India  
 JN572088_India  
 KT384399_India  

 AY223475_Uzbekistan  
 AY049083_Tajikistan  

 AY297691_Tajikistan  

 AF481799_Uzbekistan.  
 AY029157_China  

 CHU88413_China  
 AF358784_China  

 DQ217602_China  
 FJ562093_China  

 AF527810_Iran  

 DQ446214_Iran  
 KY213714_India  
 KC867274_Iran  

 AJ538198_Pakistan  
 HM452305 Afghanistan  

 KJ196326_Iran  
 CHU88414_Pakistan  

 DQ211645_Oman  
 JX908640 Afghanistan  

0.03 

 100 

 100 

 81 

 64 

 65 



 
 

54 

eleases). Values at branches represent support in 1,000 bootstrap replicates. Bootstrap values 

are only shown at major branches. 
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7  GENERAL DISCUSSION  

 

Crimean-Congo hemorrhagic orthonairovirus virus is found throughout South / South-

East Europe and wide parts of Asia and Africa. Its main reservoir and vector are ticks 

of the genus Hyalomma. Humans can develop severe hemorrhagic fever symptoms 

following a CCHFV infection, while other susceptible host species do not show any 

clinical signs (Hoogstraal, 1979; Whitehouse, 2004). Therefore, CCHF is considered 

to be one of the most-wide spread arthropod-borne zoonosis. The absence of clinical 

manifestations in livestock or wildlife makes it even more difficult to render potential 

risk areas (Spengler et al., 2016a; Spengler et al., 2016b). Turkey is supposed to be a 

CCHFV hot spot due to a high number of annual human outbreaks, but despite the 

numerous confirmed cases the CFR is comparatively low (Ergonul, 2006; Ergonul et 

al., 2006b). At the same time, it is also one of the best investigated countries regarding 

virus epidemiology and treatment of CCHF patients including a high level of awareness 

among the public health system as well as the population towards the exposure risk 

(Akinci et al., 2009; Leblebicioglu, 2010). Although Hyalomma ticks are found across 

the entire African continent, current knowledge about CCHFV in Africa is more like a 

patchwork of isolated confirmed human cases and prevalence studies (Estrada-Pena 

and de la Fuente, 2014; Gargili et al., 2017). It can be assumed that especially in sub-

Saharan Africa a high number of CCHFV infections are unreported, due to inadequate 

health systems or lack of infrastructure. Therefore, it is essential to conduct 

comprehensive field studies on CCHFV in both susceptible hosts and ticks to fill these 

gaps in knowledge. Furthermore, it was recognized that the detection of pathogens in 

ticks constitutes only one part of this challenge. At least the same emphasis should be 

laid on the correct identification of the tick species in order to avoid false conclusions 

about the CCHFV status of the tick respectively further vector competence 

assumptions (Estrada-Pena et al., 2013; Gargili et al., 2017). 

Mauritania in West Africa is a sparsely populated country, providing ideal habitats for 

Hyalomma ticks with its arid Saharan landscape and a high livestock density (Messina 

et al., 2015). Until now, only few studies on CCHFV have been conducted in Mauritania 

and therefore it was selected for this work. Keeping of livestock represents an 

important means of securing the livelihood for a large proportion of the Mauritanian 

population and constitutes an integral aspect of the society because of the nomadic 

culture. Due to the widespread traditional husbandry, farmers are often in close contact 
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with their animals, which, in combination with low animal health standards, increases 

the risk of contracting zoonotic diseases such as CCHF dramatically. Serological 

detection of CCHFV-specific antibodies in livestock can provide a first evidence 

whether the virus is circulating in a particular region. Instead of comparative studies 

between different livestock breeds, previous serological investigations in Mauritania 

were usually limited to one species at a time. Interestingly, earlier data showed a 

noticeable difference in IgG prevalence between sheep (Gonzalez et al. (1990); 

Nabeth et al. (2004a): 18 %) and cattle (Sas et al. (2017a): 67 %). Therefore, a survey 

(manuscript I) was conducted testing the four most important livestock species in 

Mauritania (cattle, n= 201; sheep, n= 247; goats, n= 233; camels, n= 247) for CCHFV-

specific IgG antibodies. In addition, potential risk factors that may influence the 

seroprevalence were searched for. To date, only a small number of goats (n= 27) have 

been examined in Mauretania for CCHFV (Nabeth et al., 2004a) while camels have 

not been tested at all. For the screening of the small and large ruminants, several 

already established in-house and adapted commercial assays were available, which 

were applied according to the diagnostic approach of Mertens et al. (2009). The in-

house ELISAs for cattle, sheep and goats are based on the N-protein of the European 

strain Kosovo Hoti (genotype V), whereas the adapted commercial VectorBest ELISA 

uses the Asian strain UZ10145 (genotype IV). The third method used was a 

commercial, species-adapted IFA from Euroimmun, which is based on the Nigerian 

reference strain for genotype III (IbAr10200). The IFA was only applied as decision 

support to judge questionable samples of the previous ELISA test runs. The high 

genetic diversity still constitutes one of the major challenges for CCHFV diagnostics. 

The usage of assays based on N-proteins of three different lineages improves the 

diagnostic range for detecting antibodies against different CCHFV strains. On the other 

hand, it may also be responsible that the three tests do not always coincide completely. 

Since no in-house ELISA for camelids was available, it was necessary to establish a 

new assay based on the protocol of Mertens et al. (2015). For the validation, 42 sera 

of dromedary camels were used as negative reference samples from Australia, which 

is considered free of CCHFV according to the WHO. With the exception of two 

samples, showing widely differing OD values in each test run, all of them were clearly 

negative. Unspecific immune reactions or cross reactivity with other unknown 

orthonairoviruses may be responsible for the two outliers. Furthermore, the detection 

of a distinct immune response in the serum of the immunized alpaca from the 14th day 
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onwards supports the validity of the ELISA in terms of specific reactions. This study 

reports the highest CCHFV seroprevalence in cattle (69 %) and camels (81 %), while 

sheep (16 %) and goats (15 %) were significantly less positive for IgG antibodies, thus 

confirming the previous findings (Gonzalez et al., 1990; Nabeth et al., 2004a; Sas et 

al., 2017a). So far, there are no data on CCHFV seroprevalence in camels in 

Mauritania available, but recent studies from Sudan (Suliman et al., 2017) and the 

United Arab Emirates (Camp et al., 2020) revealed prevalences of 21 % up to 67 % in 

camelids. Overall, cattle and camels had significant higher IgG seroprevalence than 

sheep and goats. The reasons for this discrepancy can be various, but the age of the 

tested animals seems to have an important impact on the CCHFV seroprevalence, 

which was already shown among sheep (Wilson et al., 1990) and cattle (Akinci et al., 

2009; Ibrahim et al., 2015; Lotfollahzadeh et al., 2011; Mohamed et al., 2008). This 

effect was also observed within our study. Animals of all four examined species in the 

older age groups (3-4 years and older) had a significantly higher antibody prevalence 

than younger individuals. However, significant higher CCHFV antibody prevalence was 

found in cattle and camels (37 % / 25 %) of younger age groups (0-2 years) compared 

to sheep and goats of the same age group (8 % / 8 %). Cattle and camels also had 

higher average ages (Øage: 10.17/ 11.55) over small ruminants (Øage: 2.91/ 2.88), which 

is most likely one reason for the large difference in seroprevalence. A higher age 

coincides with a greater chance that an infected tick bit the individual animal. 

Unfortunately, only few long-term studies on CCHFV susceptibility and antibody 

persistence have been carried out so far. Nevertheless, antibodies up to 512 dpi (Cape 

ground squirrel) were detected in wildlife (Shepherd et al., 1989) and in humans even 

up to 5 years after a recovered CCHF infection (Yadav et al., 2019). Apart from age 

and host susceptibility, the husbandry conditions of the livestock also play an important 

role affecting the seroprevalence. It was reported for cattle and small ruminants that 

the grazing system, type of vegetation, tick treatment and the presence of poultry 

picking ticks can significantly influence the prevalence status (Ibrahim et al., 2015; Kasi 

et al., 2020a). These parameters might also explain the higher prevalence found in 

cattle and camel compared to the small ruminants of the same age groups. To sum 

up, the first study demonstrates that cattle and camels have a significantly higher 

seroprevalence than small ruminants, which is partly related to the higher age of the 

tested animals, but husbandry conditions may also be an influencing factor. 

Comparative studies on CCHFV susceptibility between different livestock are urgently 
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required to determine which species pose a particular risk of infection. However, 

whether the virus actually circulates in specific regions can only be proven by direct 

virus detection. Since susceptible host animals only develop a short-term viremia 

(Spengler et al., 2016b), the screening of Hyalomma ticks (the main reservoir and 

vector of CCHFV) represents a well-suited method for the detection of viral RNA. In 

this context, Gargili et al. (2017) postulated that correct vector species identification is 

as important as the pathogen detection itself. Therefore, the second manuscript 

addressed the establishment of different molecular species differentiation 

methodologies such as MALDI-TOF MS and RFLP. Although morphological species 

identification is the fastest and most cost-effective approach, it requires well-trained 

tick experts to avoid incorrect species identification. Hybridization (Rees et al., 2003) 

and different genetic clades (Cangi et al., 2013) may also not be detected by 

morphological determination. MALDI-TOF MS based on leg proteins performed well 

for tick species identification. The per-sample costs for reagents are low and all six 

examined Hyalomma species (H. rufipes, H. truncatum, H. marginatum, H. dromedarii, 

H. scupense, H. nitidum), as well as the ticks of other genera which were used as 

outgroups, could be clearly distinguished. Moreover, it was even possible to 

differentiate between the genetically questionable species H. truncatum and 

H. nitidum. However, it turned out that ticks from laboratory colonies were much easier 

to distinguish compared to those originating from field samplings, as they are less likely 

to be contaminated with environmental dust and dirt or foreign proteins from the host 

animal, which influence the mass-spectrometric analyses. Since the availability of 

expensive mass spectrometers can limit its application, an alternative approach such 

as RFLP was considered that would allow ticks to be identified directly on- site during 

field collections e.g. in developing countries. For this purpose, a primer pair for the 

CO1 gene segment of different Hyalomma species was selected and two different 

restriction enzymes (AluI, HinfI) were used to digest the CO1 amplicon (495 bp). The 

ticks were differentiated by their species-specific gel pattern. Using this approach, all 

species could be distinguished except H. truncatum and H. nitidum. A sequence 

comparison using the Blast Tool (NCBI) also yielded no conclusive results, while the 

MALDI-TOF MS analysis showed a noticeable difference between species. The 

distinction between these two ticks presents a general problem, as to date it is not clear 

whether H. nitidum is a distinct species or just a morphological variety of H. truncatum 

(Apanaskevich and Horak, 2008b; Sands et al., 2017; Tomassone et al., 2005). Further 



 
 

59 

genetic investigations are required for a more meaningful statement regarding the 

relationship between these two species. RFLP has proven to be an alternative 

molecular approach for species identification due to its feasibility, high sample 

throughput and reliable test results. In conclusion, these molecular discrimination tools 

provided an important cornerstone for the third manuscript on the viral detection in 

1523 Hyalomma ticks collected from livestock in Mauritania. Special emphasis was 

laid on a correct species identification, which could be ensured by RFLP and CO1 

sequencing. Based on the significantly higher seroprevalences reported by the first 

manuscript, cattle and camels were selected for this study to increase the chance to 

detecting positive ticks. Previous tick collection data sets are either outdated (Saluzzo 

et al., 1985b) or were only conducted on a very small scale (Nabeth et al., 2004a). 

Therefore, this study was carried out to obtain a better understanding of host vector 

dynamics and the current epidemiological situation in selected Mauritanian livestock. 

Of the 1523 ticks collected, H. dromedarii (n= 1214) made up by far the largest 

proportion followed by H. rufipes (n= 282) and H. impeltatum (n= 21). Overall, 219 ticks 

were identified by RFLP including 47 specimens, which were additionally sequenced 

using the CO1 amplicon to unambiguously identify the species. While H. dromedarii 

(97.01- 98.58 %) clearly dominated in the two sampled camel herds, more H. rufipes 

were found among the cattle (6.94- 85.34 %). Since the primary host of adult 

H. dromedarii are camels (Apanaskevich et al., 2008), which play an important role in 

Mauritania for milk and meat production, the high number of specimens found on 

camels and cattle was not an exceptional finding. In total, 39 of 1523 (2.56 %) of the 

blood-fed ticks collected from cattle and camels were CCHF- positive. The highest 

prevalence was found in both cattle herds from Idini (4.79 %) and Rosso (2.63 %), 

whereas less positive ticks where detected in the two camels herds (0.85 % / 0%). 

These findings seems to contradict with the serological observations from the first 

manuscript, which reported highest seroprevalence in camels. However, it must be 

mentioned that no significant difference in IgG prevalence between cattle and camels 

was observed either. Differences in susceptibility of cattle and camels for the virus 

and/or a better capability of cattle to support a long-lasting viremia could be a one 

explanation, but as there are no comparative studies on the susceptibility, this 

assumption remains speculation (Spengler et al., 2016b). Interestingly, despite the 

high proportion of H. dromedarii, significantly more H. rufipes (5.67 %) compared to 

H. dromedarii (1.89 %) or H. impeltatum (0 %) were positive for CCHFV. This may 
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indicate that the tick species itself also has an influence on the prevalence. However, 

since the data derived from blood-fed ticks, conclusions about vector competence must 

be interpreted cautiously (Gargili et al., 2017). In total, the positive ticks were 

concentrated in only 6 of 91 animals examined, which was most likely caused by 

viremic hosts or the described effect of co-feeding (Akinci et al., 2009; Gonzalez et al., 

1992; Gordon et al., 1993; Jones et al., 1997; Logan et al., 1990). This would also 

imply that the true prevalence of unfed ticks is probably lower since a considerable 

number of ticks will have been passively infected during the blood meal. Further 

investigations of non-engorged Hyalomma specimen would be advisable to determine 

the absolute infection rate of unfed ticks. The sequencing of the positive ticks revealed 

that two different CCHFV genotypes (Africa I and III) were circulating in the examined 

livestock herds, which is consistent with previous isolated strains from Mauritania. By 

analyzing the positive ticks from the cattle in Idini, we were also able to demonstrate 

that both genotypes can occur simultaneously in one herd. In summary, this study is a 

complementary follow-up to the first manuscript, providing valuable information on 

host-vector relationships and the actual virus prevalence in Mauritania. The great 

proportion of CCHFV-positive Hyalomma ticks supports the previously observed high 

IgG seroprevalence in Mauritanian livestock. Moreover, molecular identification 

methods of the second manuscript have been proven as a very useful instrument to 

distinguish morphologically questionable species even in larger numbers of samples. 
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8 SUMMARY  

 

Crimean-Congo hemorrhagic fever orthonairovirus (CCHFV): Surveillance 

studies among different livestock in sub-Saharan Africa and the molecular 

characterization of Hyalomma ticks serving as main reservoir and vector  

 

Ansgar Schulz 

 

CCHFV is distributed over wide parts of Asia, South/ Southeast Europe and the African 

continent. Although the virus was found in several tick species of different genera, 

Hyalomma ticks are considered to be the main vector and reservoir of the virus. While 

susceptible livestock and wildlife do not show clinical signs of illness, humans can 

develop severe Ebola-like hemorrhagic symptoms. Apart from bites of infected ticks, 

main transmission routes for humans are direct contact with infectious blood or body 

fluids from animals or humans. Sound knowledge about the distribution and ecology of 

CCHFV exists only in a few countries such as Turkey or South Africa. In contrast, only 

insufficient information on the virus epidemiology is available for many other endemic 

regions. Although there have been recurrent human outbreaks of CCHFV in sub-

Saharan Africa in the past, African countries have been neglected in terms of 

comprehensive CCHFV studies for the last decades. Mauritania in West Africa is 

considered to be a high-endemic country for CCHFV because of several confirmed 

human case reports. Due to dry desert landscape with only little vegetation and a high 

density of livestock, it provides an ideal habitat for the Hyalomma ticks, which prefer a 

warm and arid climate. Furthermore, traditional animal husbandry systems and low 

animal hygiene standards increase the risk of contracting zoonotic diseases such as 

CCHFV. Therefore, one of the main objectives of this thesis was to conduct detailed 

prevalence studies in both susceptible livestock and Hyalomma ticks, in order to obtain 

a better understanding of the current epidemiological situation and host-vector 

relationships in Mauritania. The detection of IgG antibodies in livestock can provide an 

initial indication whether the virus circulated in a certain region. The first manuscript 

revealed a high CCHFV-IgG seroprevalence ranging from 15 to 81 % among the four 

most important Mauritanian livestock breeds and emphasized two risk factors (age and 

species) responsible for high prevalence. Older camels and cattle examined were 

significantly more positive for CCHFV than the four times younger small ruminants. 
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Future CCHFV prevalence studies should at least take into account the age of the 

surveyed animals to minimize misinterpretations. In addition, the newly developed 

camel specific IgG ELISA is a useful diagnostic tool that allows further CCHFV 

seroprevalence studies in camels. Based on this data Hyalomma ticks were collected 

from cattle and camel and screened for viral RNA to render the actual CCHFV 

prevalence in Mauritania. Thereby, correct identification of the vector species 

constituted a major aspect of this work and was ensured by different, novel established 

molecular discrimination approaches described in the second manuscript. For this 

purpose, six different Afrotropical and Palearctic Hyalomma species were 

differentiated genetically (CO1 sequencing, RFLP) and by molecular phenotyping 

(MALDI-TOF MS). By using MALDI-TOF MS, we were able to distinguish all six 

Hyalomma species, even the phylogenetically questionable species H. truncatum and 

H. nitidum. Although RFLP and CO1 sequencing could not distinguish between these 

two species, they provided reliable results and allowed a high sample throughput. Out 

of 1523 Hyalomma ticks collected from cattle and camels in Mauritania, 219 specimens 

were molecularly identified by RFLP and CO1 sequencing. Moreover, the PCR results 

of the third manuscript revealed a high CCHFV prevalence (2.56 %) in blood-fed 

Hyalomma ticks, whereas H. rufipes showed significantly higher CCHF infection rates 

compared to H. dromedarii and H. impeltatum. The actual prevalence of unfed ticks is 

probably lower than this high number of infected ticks would suggest since a 

considerable number of ticks will have been passively infected while feeding on the 

viremic blood or through the effect of co-feeding. Moreover, the sequencing of positive 

ticks demonstrated that two different genotypes (Africa I and III) were circulating in the 

examined herds, which is consistent with previous isolated strains. In summary, this 

thesis provides a comprehensive up-to-date overview of the current CCHFV 

distribution in susceptible host and vector species in Mauritania. The acquired data 

should contribute for a better understanding of the complex and obscure 

epidemiological situation of the virus in Sub-Saharan Africa. Future studies should 

particularly focus on differences in CCHFV vector competence, which may occur 

between the different Hyalomma species. However, due to the high prevalence of 

CCHFV in ticks and livestock, tick prevention and control measures should be 

implemented to minimize the risk of CCHFV infection of local farmers. 

 

 



 
 

63 

9  ZUSAMMENFASSUNG  

 

Prävalenzstudien zum Krim-Kongo Hämorrhagischen Fieber Virus (CCHFV) bei 

verschiedenen Nutztieren in Sahara-Afrika und die molekulare 

Charakterisierung von Hyalomma-Zecken, dem Hauptreservoir und Vektor des 

Virus  

 

Ansgar Schulz 

  

Das Krim-Kongo Hämorrhagische Fieber Virus (CCHFV) ist über weite Teile Asiens, 

Süd-/Südosteuropas und dem afrikanischen Kontinent verbreitet. Hyalomma-Zecken 

werden als Hauptvektor und Reservoir des Virus angesehen, obwohl es bereits in 

anderen Zeckenarten verschiedener Gattungen nachgewiesen wurde. Während für 

das Virus empfängliche Nutz- und Wildtiere keine klinischen Krankheitssymptome 

zeigen, können Menschen eine schwere Ebola-ähnliche hämorrhagische 

Fiebererkrankung entwickeln. Abgesehen von den Stichen infizierter Zecken besteht 

der Hauptübertragungsweg für den Menschen im direkten Kontakt zu infektiösem Blut 

oder Körperflüssigkeiten von infizierten Menschen und Tieren. Fundierte Kenntnisse 

über die Verbreitung und Ökologie von CCHFV sind nur für einige wenige Länder, wie 

z.B. die Türkei oder Südafrika, vorhanden. Für viele andere endemische Regionen 

dagegen, liegen nur unzureichende Informationen über die gegenwärtige 

Virusepidemiologie vor. Obwohl in der Vergangenheit immer wieder über klinisch-

manifestierte Infektionen beim Menschen in Subsahara-Afrika berichtet wurde, sind 

nur wenige umfangreiche Studien zu CCHFV in afrikanischen Ländern durchgeführt 

worden. Im westafrikanische Land Mauretanien gilt CCHFV aufgrund mehrerer 

bestätigter humaner Fallberichte als stark endemisch. Wegen seiner trockenen 

Wüstenlandschaft mit nur spärlicher Vegetation und einer hohen Viehdichte bietet 

Mauretanien ein ideales Habitat für Hyalomma-Zecken, welche ein warmes und 

trockenes Klima bevorzugen. Darüber hinaus wird das Risiko an zoonotischen 

Krankheiten wie CCHF zu erkranken durch die weitverbreitete traditionelle Tierhaltung 

und die niedrigen Tierhygienestandards stark erhöht. Eines der Hauptziele dieser 

Arbeit war es daher, detaillierte Prävalenzstudien sowohl bei empfänglichen Nutztieren 

als auch bei Hyalomma-Zecken durchzuführen, um ein besseres Verständnis über die 

aktuelle epidemiologische Situation und die Wirt-Vektor-Beziehungen in Mauretanien 
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zu erhalten. Der Nachweis von IgG-Antikörpern bei Nutztieren kann ein erstes Indiz 

dafür liefern, ob das Virus in einer bestimmten Region bereits aufgetreten ist oder 

zirkuliert. Die erste Studie offenbarte eine hohe CCHFV-IgG-Seroprävalenz (15- 81 %) 

bei den vier wichtigsten mauretanischen Nutztierrassen und hob in diesem 

Zusammenhang zwei Risikofaktoren (Alter und Art) hervor, die wahrscheinlich mit der 

hohen Prävalenz zusammenhängen. Insbesondere bei den älteren Kamelen und 

Rindern, die untersucht wurden, waren signifikant mehr Tiere positiv für CCHFV als 

bei den deutlich jüngeren beprobten kleinen Wiederkäuern. Zukünftige CCHFV-

Prävalenzstudien sollten daher stets das Alter der untersuchten Tiere berücksichtigen, 

um Fehlinterpretationen bezüglich der Aussagen zur Seroprävalenz bestimmter Tiere 

zu vermeiden. Darüber hinaus eröffnet der neu entwickelte kamelspezifische IgG-

ELISA Möglichkeiten zur Durchführung weiterer CCHFV-Seroprävalenzstudien bei 

Kamelen. Auf der Grundlage dieser Daten der ersten Studie wurden Hyalomma-

Zecken von Rindern und Kamelen gesammelt und auf Virus-RNA untersucht, um die 

tatsächliche CCHFV-Prävalenz in Mauretanien zu ermitteln. Die korrekte 

Identifizierung der Vektorarten stellte dabei einen wichtigen Aspekt dieser Studie dar, 

was durch verschiedene, neu etablierte molekulare Speziesbestimmungsmethoden, 

beschrieben in dem zweiten Manuskript, gewährleistet werden konnte. Für die 

Etablierung wurden sechs verschiedene afrotropische und paläarktische Hyalomma-

Arten sowohl genetisch (CO1-Sequenzierung, RFLP) als auch durch molekulare 

Phänotypisierung (MALDI-TOF MS) differenziert. Mit Hilfe von MALDI-TOF MS 

konnten alle sechs Hyalomma-Arten, einschließlich der phylogenetisch umstrittenen 

Arten H. truncatum und H. nitidum, unterschieden werden. Obwohl die Verwendung 

von RFLP- und CO1-Sequenzierung keine eindeutige Unterscheidung zwischen 

diesen beiden Spezies erlaubte, lieferten sie doch zuverlässige Ergebnisse bei einem 

hohen Probendurchsatz. Von 1523 Hyalomma-Zecken, die von Rindern und Kamelen 

in Mauretanien gesammelt wurden, konnten 219 Proben mit Hilfe von RFLP- und CO1-

Sequenzierung nachträglich molekular identifiziert werden. Die PCR-Untersuchungen 

dieser dritten Studie, zeigten eine hohe CCHFV-Prävalenz (2,56 %) bei blutgefüllten 

Hyalomma-Zecken, wobei H. rufipes im Vergleich zu H. dromedarii und H. impeltatum 

signifikant höhere CCHF-Infektionsraten aufwiesen. Die tatsächliche Virusprävalenz in 

ungesogenen Zecken ist jedoch wahrscheinlich deutlich geringer als es der hohe Anteil 

positiver Zecken vermuten lässt, da anzunehmen ist, dass eine beträchtliche Anzahl 

von Zecken passiv durch die Aufnahme von virämischem Blut oder dem „Co-Feeding“- 
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Effekt horizontal infiziert wurde. Die Sequenzierung der positiven Zecken zeigte 

darüber hinaus, dass in den untersuchten Herden zwei unterschiedliche Virusstämme 

(Afrika I und III) zirkulierten. Diese Ergebnisse stimmen auch mit den früheren 

isolierten Genotypen aus Mauretanien überein. Zusammenfassend betrachtet bietet 

die Arbeit einen Überblick über die aktuelle Verbreitung von CCHFV in empfänglichen 

Wirts- und Vektorarten in Mauretanien. Die gewonnenen Daten und Erkenntnisse 

tragen zu einem besseren Verständnis der komplexen und unübersichtlichen 

epidemiologischen Situation des Virus in Subsahara-Afrika bei. Zukünftige Studien 

sind nötig und sollten sich vor allem auf mögliche Unterschiede im CCHFV-

Vektorkompetenzverhalten bei den verschiedenen Hyalomma-Arten konzentrieren. 

Aufgrund der hohen Prävalenz von CCHFV in Zecken und Tieren ist es wichtig, 

Maßnahmen zur Zeckenprävention und -bekämpfung durchzuführen, um das Risiko 

einer CCHFV-Infektion der lokalen Bevölkerung in Mauretanien zu minimieren. 
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