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Abstract

Crimean-Congo haemorrhagic fever virus (CCHFV) is a tick-borne virus causing Crimean-Congo haemorrhagic fever (CCHF),
a disease reported to have a high fatality rate in numerous countries. The virus is geographically widespread due to its vector,
and numerous wild and domestic animals can develop asymptomatic infection. Serological and limited molecular evidence of
CCHFV has previously been reported in Camelus dromedarius (the dromedary, or one-humped camel) in the United Arab Emir-
ates (UAE). In this study, 238 camel samples were screened for CCHFV RNA where 16 camel samples were positive for CCHFV
by RT-PCR. Analysis of full-length CCHFV genome sequences revealed a novel lineage in camels from the UAE, and potential

reassortment of the M segment of the genome.

INTRODUCTION

An orthonairovirus in the family Nairoviridae, Crimean-
Congo haemorrhagic fever virus (CCHFV) is a vector-borne
negative-sense RNA virus that causes severe viral haemor-
rhagic fever outbreaks. CCHFV has a tripartite genome
consisting of the large (L) segment that minimally encodes for
RNA-dependent RNA polymerase, the medium (M) segment
for glycoprotein precursor proteins and the small (S) segment
for the nucleocapsid, where CCHFV's have been reported to
be highly variable [1]. With no vaccine or specific treatment
available, the case fatality ratio for Crimean-Congo haemor-
rhagic fever (CCHF) in humans ranges from 10-40% [2].

CCHEFV infections have been reported in more than 30 coun-
tries across Africa, Asia and Europe, reflective of the broad
geographical distribution of its natural reservoir and vector:
ixodid ticks, predominantly of the genus Hyalomma. CCHFV
persists over the ticks’ entire lifespan, allowing for vertical

transmission, and proliferates through a tick—vertebrate-tick
enzootic cycle. This results in a dynamic range of seropreva-
lence among various wild and domestic animals, including
but not limited to cattle, goats, camels and sheep [3, 4].

Reported CCHFV seropositivity rates among camels in the
United Arab Emirates (UAE) have ranged from 5.3-26%,
with an average of 13.4% [3, 5-7]. Recently, CCHFV RNA
prevalence was reported in Hyalomma dromedarii ticks
from camels in the UAE and partial genome sequences were
recovered [8]. Additionally, neighbouring countries such
as Iran and Oman have reported CCHFV RNA prevalence
ranging from 5.3-10.2% in H. dromedarii ticks [9-11].

Human CCHF cases have been reported in the UAE since
a hospital outbreak in 1979. In addition to sporadic cases,
a 1994 outbreak and two 2010 cases revealed a connec-
tion with direct or indirect animal contact. In the latter
two instances, more than half of the infected patients were
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livestock market, abattoir, or animal processing workers,
with close contact with camels and other livestock prior
to onset of disease [5, 12-14]. Anecdotal reports of CCHF
have continued since 2010, suggesting continuance of
disease transmission, further highlighting the need to
closely monitor CCHF in both humans and animals in areas
with close human-livestock interfaces.

Previously, we reported detecting CCHFV RNA in a subset of
the Middle East respiratory syndrome coronavirus (MERS-
CoV)-positive camels via metagenomic sequencing [15]. In
the current study, we sought to better understand the preva-
lence of CCHFV among UAE camels and to obtain a full viral
genome sequence.

METHODS
Camel sampling

From 2015 to 2017, a total of 247 samples from 245 camels
at an open-air livestock market, a commercial slaughter-
house and a public slaughterhouse in Abu Dhabi, UAE were
sent to the US Centers for Disease Control and Prevention
(CDC) as part of a MERS-CoV surveillance study. Nasal
swabs were taken from camels at the open-air livestock
market and lung or bronchial swabs were taken from camels
with lung lesions at the slaughterhouses and pooled per
every three camels. Of the available samples, a total of 238
camel samples were further screened for CCHFV.

RNA extraction and PCR screening of camel
samples

A total of 224 nasal swabs, 7 pools of camel lung swabs and
7 pools of camel bronchial swabs, collected over a period
of 3 years, were screened for the presence of CCHFV. Total
RNA was extracted and purified using the EZ1 Virus Mini
kit 2.0 (Qiagen, Hilden, Germany). RNA samples were
screened for CCHFV by a broadly reacting semi-nested
RT-PCR with consensus degenerate primers targeting
a region of the L segment conserved across orthonairo-
virus genomes. Primary RT-PCR was conducted under
the following parameters. RT step: 60 °C for 1 min with a
decrease in temperature of 0.5°C s™! and 45 °C for 30 min.
Initial denaturation at 94 °C for 2 min, followed by 40 cycles
of 94°C for 155, 50°C for 30s, 72°C for 30s, and a final
extension of 72°C for 7min using the following primers:
F1: ACAGGCATGGCAATACTICARCARYTNGC and R1:
TGTATCGGGCCCCATTTIGTRTTRTCNCC. The subse-
quent PCR was conducted under the following parameters.
Initial denaturation at 94 °C for 2 min, followed by 40 cycles
of 94°C for 15s, 50°C for 30s, 72°C for 30s, and a final
extension of 72°C for 7min using the following primers:
F2: GCTTTCATGCAGTTTTAGCACCIAARGCNCA and
R2: TGTATCGGGCCCCATTTIGTRTTRTCNCC. PCR
products of expected size [243 nucleotides (nt)] were gel-
extracted prior to bi-directional Sanger sequencing on an
ABI3500 sequencer (Thermo Fisher Scientific, Waltham,
MA, USA).

Full-genome sequencing

We generated small islands of reads throughout the three
segments from a previous metagenomic sequencing study
[15] and amplicon sequences through the semi-nested
consensus degenerate RT-PCR as described above. These
regions were then bridged using sequence-specific RT-PCR
followed by Sanger sequencing on an ABI3500 sequencer
(Thermo Fisher Scientific, Waltham, MA, USA). Sequences
were cleaned and assembled using Sequencher 5.0 (Gene
Codes, Ann Arbor, MI, USA), where ends and low-quality
regions were trimmed manually. A consensus complete
genome sequence of L, M and S segments was generated,
and terminal nucleotide sequences were confirmed by
RACE RT-PCR. Open reading frames (ORFs) were identi-
fied for genome annotation using the best matches from
BLASTN/BLASTX as the reference.

Phylogenetic analysis

A representative collection of unique complete CCHFV
genome sequences obtained from the National Center for
Biotechnology Information’s (NCBI's) GenBank were aligned
using the MUuscLE multiple sequence aligner with eight itera-
tions [16]. The best-fit model (GTR+G+I, identified with
jModelTest2) was selected to conduct phylogenetic analysis
using the maximum-likelihood method with 1000 bootstraps
[17]. All phylogenetic analysis was conducted with Geneious
Prime (Biomatters, Inc., San Diego, CA, USA) and phylo-
genetic tree visualization was performed with FigTree 1.4.3
(University of Edinburgh, Edinburgh, UK) software.

RESULTS AND DISCUSSION

From 2015-2017, camel samples (nasal swabs and respec-
tively pooled bronchial and lung swabs) were collected from
a total of three markets and slaughterhouses in Abu Dhabi,
UAE as part of an ongoing camel surveillance study [18]. A
total of 238 camel samples were tested for the presence of
CCHFV RNA.

Of the 238 samples tested, 16 were PCR-positive for CCHFV.
Sample type and camel origin are as follows: 2015, 11 nasal
swabs (9 Oman, 2 UAE); 2016, 2 nasal swabs [1 UAE, 1
Kingdom of Saudi Arabia (KSA)]; 2017, 2 nasal swabs (2
UAE) and 1 lung swab pool (UAE). Alignment of the PCR
amplicon sequences showed 99% identity among the 16
samples; hence RNA extracted from 1 of the nasal swabs
that had sufficient RNA was further processed to obtain a
full genome sequence. Full-genome sequences from the S, M
and L segments were obtained (S: MN901927, M: MN901926,
L: MN901925). In addition, the available CCHF reads from
a previous metagenomic sequencing study mapped well to
tull-genome sequences from this study, suggesting a poten-
tially similar strain consistent with PCR amplicon sequences.
Notably, among the 16 CCHFV-positive camels, 12 had previ-
ously been reported as positive for MERS-CoV RNA [13].
The impact of co-infection on either virus’s dynamics, if any,
is yet to be understood.
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Table 1. Average amino acid (aa) identity from ORF comparison of
the camel sequence from present study with representative CCHFV
sequences of human or tick origin as shown on the phylogenetic tree

Camel vs human (%) Camel vs tick (%)
S segment 95.5 95.1
M segment 70.3 72.7
L segment 95.6 95.2

The ORF of the camel sequences from the present study was
compared with representative ORFs from human and tick
isolates shown in the tree, respectively. Average percentage
identity suggested that the greatest variation was in the M
segment compared to the other two segments, for both
human and tick isolate comparisons (Table 1). The greatest
differences were observed in the mucin-like domain of the
glycoprotein complex (aa 28 to 251), where the percentage
difference ranged from 77.6-82.6%.

Phylogenetic analysis of the three segments suggests greater
conservation in the S and L segments than in the M segment.
S segment analysis suggests the current CCHFV sequence
from camels was an outlier to the Africa 3 lineage, with the
highest percentage nt identity at 89.8% with a human CCHFV
isolate from South Africa (KJ682821.1; Fig. 1a). M segment
analysis suggests possible reassortment of the current
sequence from camel and its nearest neighbour (76.7% nt
identity) from a tick in Pakistan (KY484038.1), forming

a distinct lineage, Asia 4 (Fig. 1b). This echoes a frequent
observation of greater reassortment in the M segment among
tick vectors compared to mammalian hosts, due to vectors’
lifelong infection and potential to infect multiple hosts [19]. L
segment analysis showed that the current sequence expanded
the clade comprising the Africa 1/3 and Europe 1 lineages,
with the highest percentage nt identity at 87.7% with a human
CCHFYV isolate from Russia (KX013486.1; Fig. 1c). Since the
S, M and L segments from this CCHFV genome isolated from
a camel are not part of any previously defined lineages, in
accordance with current CCHFV phylogeny, we assigned the
camel genome to a new lineage termed Asia 4.

While this paper was in preparation, partial CCHFV S- and
M-segment sequences from H. dromedarii ticks and camels
from the UAE were published separately. In addition to
molecular detection, this study reported that 67% of sampled
camels had CCHFV antibodies, which further supports the
view that camels in the region are commonly infected with
CCHEFV [8]. The partial sequences obtained by Camp et al. are
almost identical to our current full-length sequences, which
also have high sequence identity to previous partial sequences
reported from camel ticks in Egypt [20], suggesting that virus
strains belonging to the Asia 4 lineage might not only be prev-
alent in camels and camel ticks in the UAE . Future studies are
required to not only demonstrate whether this lineage is also
associated with camels from other countries of the Arabian
Peninsula, Asia and Africa, but also better understand the viral
transmission between camels and possibly other vertebrate
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Fig. 1. Maximum-Llikelihood tree for CCHFV by segment. Maximum-Llikelihood tree analysis conducted with unique complete CCHFV
genome sequences obtained from the NCBI and the current study's sequences. Sequences of complete segments were aligned with
MUSCLE aligner and maximume-likelihood analysis was conducted using the GTR+G+| model with 1000 bootstraps. Bootstrap values of
40 or above are noted. Bars indicate the nucleotide substitution per site. Tips are labelled with NCBI accession number, organism source
and country. NA indicates that information was not available. CCHFV sequences from camels sequenced in this study are indicated with

red tips. (a) S segment, (b) M segment and (c) L segment.
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hosts. The first complete sequence of CCHFV strain from the
Asia 4 lineage will be instrumental for the development of
specific RT-PCR assays for the identification of whether other
animal hosts can be infected with similar strains and if camels
or camel ticks are more prominent vectors of transmission
to humans than previously suggested [20]. Comparison of
the genome from this study with available human CCHFV
isolate sequences from UAE and its neighbour, Oman, indi-
cated that the current sequence belongs to the Asia 1 lineage.
Current molecular diagnostics of CCHF typically rely on the
amplification of conserved regions of the S segment, which
should detect potential human infections with CCHFV
strains related to the camel strain. However, more systematic
sequencing efforts are warranted to better define the potential
of camel- or camel tick-associated strains of CCHFV to cause
disease in humans.

In addition to the importance of conducting whole-genome
sequencing, the importance of regular surveillance of animals,
including camels, with close human interaction cannot be
stressed enough. Not only have recent UAE human CCHF
cases been associated with camels, but camels have also
previously been shown to harbour multiple viruses, including
viruses such as Rift Valley fever virus, CCHFV and MERS-
CoV that pose significant risks to public health. Here, we
report the first molecular evidence of CCHFV in camels not
only from nasal swabs, but also from molecular detection in
lung swab samples. Human interaction with infected animals
in closed environments such as abattoirs probably increases
the potential for disease transmission; previous primary
CCHFV cases in the UAE were associated with abattoirs. It
is imperative that regular surveillance at animal markets in
the context of One Health investigations be conducted so
pathogens with zoonotic or anthroponotic potential can be
detected and identified before outbreaks occur.
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