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Crimean-Congo hemorrhagic fever (CCHF) is one of the utmost broadly distributed tick-borne viruses,
with an infection resulting in a fatality rate of up to 30%. During this study period, 25,000 hard adult ticks
of Hyalomma species were collected from freshly slaughtered imported camels to determine the presence
of Crimean-Congo hemorrhagic fever virus (CCHFV) and genetic lineage of the virus. Ticks were pooled
and analyzed for the existence of CCHFV using nested RT- PCR and real-time reverse transcription
PCR; the genome was detected in 18 (1.44%) tick pools. Partial genome sequences reveal an adjacent rela-
tionship with strains from South Africa to Namibia, Nigeria, Sudan, Senegal, and Mauritania, correspond-
ing to the Africa I and III genotypes. This study indicates the presence of CCHFV in Egypt and illustrates
the potential for tick-borne dissemination of the virus. Further studies focused on not only tick samples,
but also human samples are epidemiologically valuable to obtain exact data in the region.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Crimean-Congo hemorrhagic fever (CCHF) is one of the tick-
borne viral disorders that is broadly distributed in Africa, Europe,
and Asia (Okely et al., 2020; Cajimat et al., 2017; Wölfel et al.,
2007). It was being detected in the Crimea area of the former Soviet
Union in 1944 and became identified as ‘Crimean hemorrhagic
fever’. After that, it was identified in the Belgian Congo in 1956
which was called ‘Congo virus’; both names were assembled as
CCHF in 1969 (Mazzola and Kelly-Cirino, 2019; Spengler et al.,
2019). Since 2000, minor outbreaks of Crimean-Congo hemor-
rhagic fever virus (CCHFV) have been reported in India, Pakistan,
Iran, Turkey, Greece, Spain, Sudan, Uganda, and Georgia. The inci-
dence of CCHFV has been rising since 2008 (Wahid et al., 2019).
CCHF has a wide geographical spreading; it transpires in Asia
(India, Pakistan, Tajikistan, Kazakhstan, and Russia), the Middle
East (Iran and Afghanistan), Europe (Turkey, Bulgaria, Greece, Alba-
nia, and Kosovo), and +30 African republics (including Sudan, Mau-
ritania, Kenya, Senegal, and South Africa) (Farhadpour et al., 2016).

CCHFV belongs to the Bunyaviridae family and the genus of
Nairovirus (Voorhees et al., 2018; Kazancioğlu et al., 2017). The
CCHFV had a spherical shape with a diameter around 80–
100 nm, lipid envelope is 5–7 nm, thick and glycoprotein spikes
are 8–10 nm long (Wahid et al., 2019). CCHFV is an enveloped virus
that acquires a negative-sense RNA genome which contains three
segments. The small segment (S, 1.7 kb) translates the nucleocap-
sid proteins. The medium segment (M, 5.3 kb) encodes M � 1700
amino acids’ precursor that promote the glycoproteins’ production
consisting of mature Gn (37-kDa) and Gc (75-kDa). Meanwhile, the
large segment (L, 12.1 kb) encodes the viral polymerase (RNA-
dependent RNA-polymerase (450 kDa- L-RdRp) (Papa, 2019;
Wahid et al., 2019; Voorhees et al., 2018; Cajimat et al., 2017).
CCHFV is marked by excessive genetic variation, based on the ser-
ies of S segment. CCHFV strains are divided into 7 hereditary lin-
eages (double from Asia, double from Europe, and three from
Africa) (Papa, 2019; Tezer and Polat, 2015).

In an enzootic cycle involving humans and vertebrates, CCHFV
could be transmitted by ticks. Hyalomma spp. ticks have been
reported as the natural vector and reservoir (Shi et al., 2018;
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Cajimat et al., 2017; Spengler et al., 2016). After being nibbled by
infected ticks, several domestic and wild animals, including sheep,
goats, cattle, camels, and hares, act as intensifying hosts. But it’s
difficult to reveal animal infections as the tick-animal-tick cycle
is symptomless (Mazzola and Kelly-Cirino, 2019). Farmers, butch-
ers, housewives, veterinarians, animal dealers, and other people
involved in the care of animals exposed to ticks are mostly vulner-
able to CCHF. Moreover, health workers are the subsequent most
frequently influenced high-risk group, mostly due to its nosoco-
mial nature (Saleem et al., 2020). In the normal transmission pat-
tern of CCHFV to humans, the virus is spread via tick bite,
sometimes because of publicity to infected organs or the blood of
livestock (Farhadpour et al., 2016).

CCHFV was identified as a vastly pathogenic virus to humans,
with a fatality rate of 5–30% is generally notified (Fillâtre et al.,
2019; Papa, 2019; Tezer and Polat, 2015). Humans infected with
CCHFV may present asymptomatic, mild, or severe disease. Symp-
toms may include fevers, chills, muscular pain, dizziness, head-
ache, mood changes, pleural effusion, sore throat, neck stiffness,
lymphadenopathy, gastrointestinal symptoms, and hemorrhagic
diathesis, with multiorgan dysfunction is seen in severe cases
(Raabe, 2020; Zohaib et al., 2020; Shi et al., 2018). The existence
of CCHFV may be exactly detected in Hyalomma ticks using nucleic
acid amplification, viral antigen, and/or nucleic acid amplification
testing merged with proteomics (Raabe, 2020). This study was con-
ducted to survey and molecularly characterize CCHFV in ticks
assembled from camels, and to investigate the origin of CCHFV in
Egypt.
Table 1
Distribution of tick species according to the animal sources.

Animal Source No. of Ticks

Hyalomma dromedarii (Pools) Hyalomma rufipes (Pools)

Ethiopia 3387 (169) 1426 (71)
Somalia 4141 (207) 2574 (128)
Kenya 3859 (193) 1718 (86)
Sudan 5363 (268) 2532 (126)
Total 16,750 (837) 8250 (411)
2. Material and methods

2.1. Tick’s collections and processing

Hard adult ticks were collected from imported camels to Egypt
from December 2018 to April 2021. All ticks were separated from
different body parts of camels by fine curved-tip forceps with a
great care to avoid the sample’s damage. Ticks were placed in a
glass jars with porous covers for O2-exchange. Containers were
labeled with collection date, transported to the laboratory, and
morphologically identified to species level. Subsequently, ticks
were divided into pools consisting about 20 hard adult ticks. To
eliminate excess particulate contamination from animal hides,
each pool was rinsed twice with sterile water, flushed once with
EtOH (70%, v/v), and afterward cleansed twice using Minimum
Essential Medium (MEM; Sigma-Aldrich, St. Louis, MO) which
including antibiotic-antimycotic mixture (GIBCO-BRL; New York,
USA).

Tick pools were then crushed in a sterilized mortar and pestle
using 90-mesh alundum sand, with 2 mL MEM including 15% fetal
bovine serum (Biochrome KG; Berlin, Germany), 2% antibiotic-
antimycotic mixture, and 2 % l-glutamine. We clarified the homo-
genates using centrifugation at low-speed (5000 rpm) and super-
natants were collected and kept at �70 �C until the extraction of
RNA (Lutomiah et al., 2014; Sang et al., 2006).

2.2. RNA extraction

We extracted viral RNA from a 140 lL aliquot of supernatant
using the QIAamp� Viral RNA Mini, Cat No. 52904 (Qiagen, Ger-
many) using the manufacturer’s instruction.

2.3. Nested RT-PCR

Viral RNA was amplified using a nested RT-PCR targeting CCHFV
S segment (Voorhees et al., 2018), using Qiagen�OneStep RT-PCR
2598
Kit (Qiagen, Germany). The first run was operated using the follow-
ing primers: R3 (50-GACAAATTCCCTGCACCA-30), F2 (50-TGGA
CACCTTCACAAACTC-30), and F2C (50-TGGATACTTTCACAAACTC-30).
A total of 10 lL of the extracted RNA was inserted to each singular
PCR-tube. The reaction was achieved in a 50-lL total volume and
the thermal cycling settings were 50 �C for 30 min; 95 �C for
15 min; 5 cycles at 95 �C for 45 s, 37 �C for 45 s, and 72 �C for
45 s; 35 cycles at 95 �C for 45 s, 53 �C for 45 s, 95 �C for 45 s,
and a final extension at 72 �C for 5 min. The primers magnify a
536-bp of S-segment by performing 2% agarose gel electrophoresis.

Nested PCR was performed in a 50-lL reaction with 1-lL of first
PCR product using the following primers: R2a (50

GACATCACAATTTCACCAGG-30), R2b (50

GACATTACAATTTCGCCAGG-30), F3 (50-GAATGTGCATGGGT
TAGCTC-30), and F3C (50-GAGTGTGCCTGGGTTAGCTC-30). We used
Promega Go Taq G2 master mix (Cat No. M7833, Promega, Ger-
many) with the following cycle conditions: 95 �C for 2 min; 40
cycles of 95 �C for 45 s, 53 �C for 45 s, 72 �C for 45 s; and a final
expansion at 72 �C for 5 min. The primers amplify a 260-bp of
amplicons by performing 2% agarose gel electrophoresis.

2.4. Real-time reverse transcription PCR

Total RNA extracted for the viral S segment was tested using a
real-time reverse transcription PCR (rRT-PCR) assay (Wölfel et al.,
2007). This assay was performed in wells triplicate of 48-well
plates using the GoTaq Probe 1-Step RT-qPCR System (Cat No.
A6120, Promega, Germany). A 5 lL of sample and 25-lL reactions
run were used on the Applied Biosystems StepOneTM Real-Time PCR
System (Thermo Scientific, Waltham, MA, USA). The reaction was
performed at 48 �C for 30 min; 95 �C for 2 min; 40 cycles of
95 �C for 30 s, 60 �C for 60 s, and finally 68 �C for 25 s. The fluores-
cence data were assembled and measured after each elongation
step. The positive and negative control were included in all
reactions.

2.5. CCHFV sequencing and analysis

We successfully sequenced 8 samples to determine the CCHFV
genotypes. We subjected the amplicons to the modified Sanger
sequencing on automated ABI genetic analyzer 3500 using BigDye
Terminator Cycle Sequencing Reaction Kit V3.1. We retained the
sequences of the CCHFV amplicons used in our study, as well as
sequences available in GenBank for phylogenetic analysis. We con-
ducted multiple alignments of sequences with MUSCLE in SeaView
- Multiplatform GUI (graphical user interface) for molecular phy-
logeny (Version 5.0.4 software) (Gouy et al., 2010). Phylogenetic
tree of partial small (S) segment sequence (260 nucleotides) of
CCHFV was constructed using maximum-likelihood method,
Tamura three-parameter model and bootstrap value at 50% cut-
off point using Molecular Evolutionary Genetics Analysis
(MEGA X version 10.1.8 software) (Kumar et al., 2018). We depos-
ited the nucleotide sequences obtained in this study in GenBank
under the accession numbers of MW424419, MW467897,



Fig. 1. Amplification of the S segment of the CCHFV genome using nested RT-PCR representing the DNA bands with 260 base pairs (bp) from infected ticks and positive
control (Pc). * W negative control; Pc positive control; samples No. S5, S7, S10, S12, S14, S16 and S22 were negative; S1, S2, S4, S6, S11, S17, S18, S19, S20, S23 and S25
(Hyalomma dromedarii); S3, S8, S9, S13, S15, S21 and S24 (Hyalomma rufipes) were positive.

Fig. 2. Qualitative real time RT-PCR for CCHFV showing positive and negative controls, and positive samples isolated from infected ticks.

Table 2
Results of CCHFV detection by nested and real-time RT- PCR in tick pools.

Animal Source No. of CCHFV Positive Pools

Nested RT- PCR Real time RT- PCR

H. dromedarii H. rufipes H. dromedarii H. rufipes

Ethiopia 2 0 3 0
Somalia 3 2 3 2
Kenya 0 0 0 0
Sudan 6 5 7 5
Total 11 7 13 7

Table 3
Genetic distances (%) among the CCHFV genotypes.

MZ322095 MZ326698 MZ361738 MW424419 MW467897 MW467898 MZ330127 MZ342904

MZ322095 – 95.9% 100% 83.5% 85.1% 85.5% 83.5% 82.7%
MZ326698 95.9% – 96% 85.1% 85.4% 85.5% 84.9% 83.7%
MZ361738 100% 96% – 83.7% 85.3% 85.7% 83.5% 82.7%
MW424419 83.5% 85.1% 83.7% – 90.7% 90.7% 100% 98.4%
MW467897 85.1% 85.4% 85.3% 90.7% – 99.6% 90.4% 90.8%
MW467898 85.5% 85.5% 85.7% 90.7% 99.6% – 90.4% 90.8%
MZ330127 83.5% 84.9% 83.5% 100% 90.4% 90.4% – 98.4%
MZ342904 82.7% 83.7% 82.7% 98.4% 90.8% 90.8% 98.4% –

The percentages of nucleotide identities are presented.
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Table 4
Animal source and tick species of genotyped strains.

Accession No. Genotype Tick Species Animal Source

MW424419
MW467897
MW467898
MZ330127
MZ342904

Africa III Hyalomma dromedarii
Hyalomma rufipes
Hyalomma dromedarii
Hyalomma dromedarii
Hyalomma dromedarii

Sudan
Sudan
Somalia
Sudan
Ethiopia

MZ322095
MZ326698
MZ361738

Africa I Hyalomma rufipes
Hyalomma rufipes
Hyalomma dromedarii

Somalia
Sudan
Sudan
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MW467898, MZ330127, MZ342904, MZ322095, MZ326698, and
MZ361738.

3. Results

3.1. Tick identification

During this study period, a total of 25,000 adult hard ticks were
assembled from imported camels from different African countries
(Ethiopia, Somalia, Kenya, and Sudan), and identified under a stere-
omicroscope. Only one genus was defined as Hyalomma and two
species were recorded as the key species infesting camels.
Amongst, the most abundant tick species was Hyalomma drome-
darii (n = 16,750; 67%), which was followed by Hyalomma rufipes
(n = 8250; 33%). All ticks were grouped into 1248 pools, consisting
of about 20 adult ticks, by size, species, animal source, and collec-
tion date. The numbers and distribution of tick species based on
the animal source are tabulated in Table 1.

3.2. Virus detection

All tick pools were imperiled to nested RT-PCR and rRT-PCR to
detect CCHF viral genome. The molecular analysis of both RT-PCR
products revealed that the CCHFV was detected in 18 tick pools
(1.44%), where 2 pools were considered as weak positive by rRT-
PCR (Fig. 1 & Fig. 2). The positive control always gave positive
amplification signals, but no signal was seen in the negative con-
trol. Among the CCHFV-positive pools, 11 pools (61.1%) of H. dro-
medarii and 7 pools (38.9%) of H. rufipes were infected with the
viral genome. The 18 positive pools covered ticks collected from
camels imported from Sudan (11 pools), Somalia (5 pools), and
Ethiopia (2 pools), as portrayed in Table 2.

3.3. Sequencing and phylogenetic analysis

Out of 18 positive pools, eight tick pools were amplified and
sequenced the partial S segment. The sequence comparison of
eight partial segments with other published CCHFV sequences
showed 99.6–95% identity.

Pairwise sequence alignments among the isolates revealed that
both the detected gene sequence and genotype were almost iden-
tical (Table 3). The partial S segment coding sequences of CCHFV
were separated into seven groups and two various genotypes,
including Africa I and III were detected after the phylogenetic anal-
ysis (Table 4). Nucleotide alignments of the partial genomic
sequence of CCHFV exhibited that MW467897 and MW467898
strains clustered together with United Arab Emirate strains
(MN516481; 96.9% and 97.3% homology and MN516484; 96.5%
and 96.9% homology) and Egyptian strain (JF706233; 97.9% and
98.5% homology). While MZ342904, MW424419, and MZ330127
clustered together with Nigeria strain (KX238958; 99.6%, 97.7,
and 97.6% homology) within the Africa III lineage. Other three par-
tial segments (GenBank accession no. MZ326698, MZ361738, and
MZ322095) clustered together with strains from Iran, west, and
south Africa within the Africa I lineage (Fig. 3).

4. Discussion

CCHF is one of the key geographically prevalent tick-borne
viruses, with regions of endemicity includes areas spreading over
from Africa to the Middle East, Europe, southern Asia and China
(Papa, 2019). The infected hard ticks’ bites or the contact with tis-
sue or blood from viremic domesticated animals can cause the
transmission of CCHF to humans. It can also be transmitted from
one individual to another by contact with body fluids or blood
2600
(Rodriguez et al., 1997). Although the temporariness of animals’
viremia, ticks remain infectious for several years and considered
as a reservoir for CCHFV (Bente et al., 2013). Therefore, the detec-
tion of CCHFV in vectors provides an opportunity to prevent dis-
ease transmission in high-risk abattoir workers.

Although Hyalomma ticks are deemed as the primary reservoir
and vector for the CCHFV widespread transmission throughout
Asia, Europe, and Africa, CCHFV has also been identified in some
other ticks’ genera (Mehravaran et al., 2013; Ergönül, 2006). In this
study, the samples of ticks were amassed from newly butchered
camels and analyzed for the existence of CCHFV. One genus,
namely Hyalomma, and two species were observed. We identified
H. dromedarii as the most prevalent species infecting camel ticks
(67.28%), followed by H. rufipes (32.72%). This was in accordance
with the findings obtained by Bala et al. (2018) in Sudan (Bala
et al., 2018), Champour et al. (2016) in Iran (Champour et al.,
2016), and Chisholm et al. (2012) in Egypt (Chisholm et al.,
2012). They reported that Hyalomma are the key tick species invad-
ing camels in these countries. These findings indicated the effect of
climate and regional conditions on tick ecology as the relatively
arid climate suits Hyalomma ticks (Okely et al., 2021).

The identification of CCHF in ticks and affirmation of their vec-
tor ability through venereal and transovarial CCHFV transmission
is critical as potential reservoirs of infection (Bente et al., 2013).
The technique of utilizing generic PCR assays and subsequent
sequencing for the detection of tick-borne viruses was adopted,
making this research one of the most comprehensive and huge
surveillance efforts conducted in Egypt. Two RT-PCR were
employed to detect CCHFV in the tick samples. The CCHFV genome
was identified in 18 tick pools (1.44%) that were collected (61.1% of
H. dromedarii and 38.9% of H. rufipes). This observation is close to
that of Chisholm et al. (2012) in Egypt (Chisholm et al., 2012)
who stated that 5 out of 6 positive pools were obtained from H.
dromedarii and 4.3% of tested pools were found to be infected by
CCHFV. This might indicate that Hyalomma spp. act as the primary
vector and reservoir for CCHF in camels and may probably have a
superior role in the epidemiology of the virus in Africa. The higher
percent of infectivity may be due to these ticks may have fed on
various livestock before spreading to unexposed animals, and the
sample size is also low relative to our study, while temporal fluc-
tuations between the samples may also account for the discrepan-
cies in infection rate.

Previous serologic studies conducted in Egypt of Morrill et al.
(1990) (Morrill et al., 1990) who revealed that antibodies to CCHFV
was 14% and that could be attributed to that the samples were col-
lected from camels imported from Sudan and quarantined in
southern Egypt. The findings from several reports show that the
infectivity rate of CCHF is changeable and is influenced by the geo-
graphical diversity and weather, the presence of various species of
ticks, and different tick hosts.

Various CCHFV S segment sequences from several areas around
the world indicate the genetic diversity among CCHFV strains rely
on geographical location and tick species (Whitehouse, 2004;



Fig. 3. Phylogenetic tree of partial small (S) segment sequence (260 nucleotides) of CCHFV isolated from ticks, Egypt, in year 2019–2021. The maximum-likelihood method
was used to construct the tree, MEGA-x software was employed to detect the Tamura three-parameter model and bootstrap value at 50% cut-off point. The isolated virus
genome from Egypt ticks clustered in Africa I and Africa III lineage. The nodes’ numbers reflect the values of bootstrap for 1000 replicates. For each isolate, the geographic
origin and the GenBank accession number are given.
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Yashina et al., 2003). From the phylogenetic tree (Fig. 3), CCHFV
sequences obtained during the study grouped with clade Africa I
and Africa III. CCHFV strains (accession no. MW467897 and
MW467898) were closely related to United Arab Emirate strains,
2601
that were genetically related to sequences obtained from south
and west Africa (Camp et al., 2020), and JF706233 strain from
Egypt, which isolated from ticks collected from camels imported
from Sudan and Somalia (Chisholm et al., 2012). The CCHFV
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sequences (accession no. MZ342904, MW424419, and MZ330127)
were similar genetically and clustered together with strain from
Nigeria (KX238958), suggesting the circulation of the same virus
in Africa. Within Africa I lineage, the three partial segments
(MZ326698, MZ361738, and MZ322095) clustered together with
strains from South Africa, Senegal, and Mauritania. This could indi-
cate that the virus is probably disseminated by migrating birds
transmitting infected ticks on their surface or by secondary intro-
ductions following the importation of camels.

Overall, this study confirmed the existence of CCHFV in Egypt
and illustrate the potential for tick-borne transmission of the virus
among camels as well as to human. Since the genetic diversity data
of CCHFV in Egypt is scarce, further studies on viruses from tick
and human samples are epidemiologically valuable to clearly
demonstrate the epidemic situation in the region. Finally, there
are no published reports of human infection in Egypt. This could
be due to the lack of awareness of physicians and limitation of pre-
ventive and control strategies; thus, attention should be paid to
this disease.
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