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Introduction
Camelpox virus (CMLV), the causative agent of 
camelpox is a member of the genus Orthopoxvirus 
(OPXV), subfamily Chordopoxvirinae in the family 
Poxviridae which at present contain 12 genera 
(ICTV, 2018). CMLV have recently received much 
attention due to the emergence of infections in humans 
(Bera et al., 2011; Khalafalla and Abdelazim, 2017). 
Camelpox is routinely diagnosed based on clinical 
signs, pathological findings and cellular and molecular 
assays. The currently available polymerase chain 
reaction (PCR) assays to identify CMLV are based 
on the detection of sequences encoding for the A-type 
inclusion body protein (ATIP), the hemagglutinin 
(HA), the ankyrin repeat protein (C18L), or the DNA 
polymerase (DNA pol) genes (Meyer et al., 1994; Ropp 
et al., 1995; Balamurugan et al., 2009; Venkatesan et 
al., 2012). 
ATIP gene-based PCR has been performed with a 
single set of primers, which enables the differentiation 
of OPXV species by producing amplicons of different 

sizes (Meyer et al., 1997). The used primer pairs, 
common to all OPXV species flanked a region 
exhibiting distinct and specific DNA deletions in the 
corresponding sequences of vaccinia virus (VACV), 
Ectromelia virus (ECTV), monkey pox (MPXV), 
and CMLV. For this reason, PCR resulted in DNA 
fragments of different sizes. The method yields 881 
bp from CMLV, 1,219 bp from ECTV (strain Munich), 
1,500 bp from MPXV (strain Copenhagen), 1,575 bp 
from the VARV (strain Bangladesh), 1,603 bp from 
VACV (VACV WR), and 1,673 bp from CPXV (strain 
Brighton) genomes (Meyer et al., 1997). 
Yousif and Al Ali (2012) surprisingly obtained a PCR 
fragment longer than 881 bp by using the consensus 
ATIP gene primers to identify CMLV in Jouf CMLV 
vaccine produced in Saudi Arabia. They sequenced 
the ATIP, two extracellular enveloped viruses-specific 
(A33R and B5R), and two intracellular mature virus 
(IMV) (L1R and A27L) orthologue genes and these 
sequences were found like VACV Lister strain. They 
concluded that the tissue culture attenuated CMLV 
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Abstract
Background: Camelpox is the most infectious and economically important disease of camelids that causes significant 
morbidity and mortality rates. Several live attenuated vaccines against Camelpox virus (CMLV) are produced worldwide 
by passaging field isolates in cell culture. Sequence of a high passage Saudi isolate of CMLV was previously found 
closely resembled Vaccinia virus (VACV). 
Aim: To determine whether other high cell culture passage CMLV isolates are genetically resemble VACV and further 
to explore the possible mechanism of the resemblance.
Methods: We performed polymerase chain reaction and DNA sequence analysis of A-type inclusion body protein 
(ATIP), L1R, and open reading frame (ORF) 185 genes on different cell culture passage levels of a field isolate, two 
high passage vaccines, wild-type, and reference strains of CMLV.
Results: We demonstrate that additional two high passage attenuated vaccine candidate from Sudan and UAE likewise 
contain sequences resembling VACV more than CMLV. Furthermore, sequence analysis of the ATIP gene of selected 
virus passages in cell culture revealed that the shift to VACV-like occurred between passage 11 and 20 and up to the 
10th passage the genome still resembles wild-type virus. This observation was further confirmed by recombination 
analysis which indicated recombination events at ATIP and ORF185 genes occurred at higher passages.
Conclusion: We confirmed that the cell culture passage CMLV turns to resemble VACV after cell culture passage and 
concluded that the resemblance may not be a result of contamination or misidentification as previously thought but 
could be due to recombination events that occurred during the passage process.
Keywords: Camelpox virus, cell culture passage, phylogenetic analysis.
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vaccine based on the isolate Jouf-78 strain produced 
in Saudi Arabia (Hafez et al., 1992) contains a Lister-
like strain of VACV rather than CMLV and a possible 
contamination event during production may have 
caused this mistaken identity. 
Previously, the development of a live attenuated CMLV 
vaccine by passage of a Sudanese isolate in Vero cells 
has been reported by Abdellatif et al. (2014). 
The present study was prompted by the interesting 
findings of Yousif and Al Ali (2012) on the mistaken 
identity of Al Jouf-78 CMLV vaccine. 

Materials and Methods
Viruses
Different passage levels of cell culture attenuated CMLV 
strain CMl/Db-92 from the available stored samples 
at Department of Microbiology, faculty of Veterinary 
medicine, University of Khartoum were used in this 
study (Table 1). Commercial live attenuated camelpox 
vaccines and wild-type CMLV isolates previously 
isolated in cell culture from sick dromedary camels as 
well as two extracted DNAs from scabs collected from 
field cases of the disease are detailed in Table 1. 
PCR
We selected three genes to represent different regions 
on the CMLV genome; the ATIP gene region which, 
was used to determine the species of the OPXV via 
PCR by producing amplicons of different sizes (Meyer 
et al., 1994) or VACV similar sequence (Yousif and 

Al Ali, 2012), second, we targeted the L1R gene IMV 
gene of ORXV also used by Yousif and Al Ali (2012), 
additionally, a unique region in the CMLV genome 
which encode open reading frame (ORF) 185 claimed 
absent in other OPXVs (Afonso et al., 2002) was used.
ATIP gene
To exclude other pox like diseases, used viruses were 
first identified as CMLV by using a multiplex gel-based 
PCR (Khalafalla et al., 2015). Secondly, the extracted 
DNAs were subjected to PCR using the consensus 
ATIP gene primers (Meyer et al., 1997). 
L1R and ORF 185 genes
To corroborate the ATIP gene results, we amplified 
two more CMLV genes. First, IMV gene (L1R) was 
followed as previously described (Yousif and Al 
Ali, 2012). Second, a unique region in the CMLV 
genome which encode ORF 185 absent in other 
OPXVs (Afonso et al., 2002) was used for PCR 
primer design, namely 185F forward sequence 5ʹ 
CTCAATGAGAGTTCCTGACCATCC 3ʹ and 185R 
reverse 5ʹ ACACTCTAATACAACACAGGCAACA 
3ʹ that amplify a 923 bp product. PCR condition in a 
total volume of 25 µl containing 2.5 µl Go Taq® Green 
(Promega) master mix, 0.2 mM each primer, 2 µl 
template DNA. With 1 U of Taq polymerase. Cycling 
conditions were set to first denaturation at 95°C for 5 
m followed by 30 cycles of 94°C/ 30 seconds, 52.4/30 
seconds, and 72°C/3 minutes and then an extension 
period of 5 minutes at 72°C.

Table 1. Details on viruses and DNAs used in the study.

Virus designation Passage level Description Reference

CMl/Db-92 8, 10, 20, 30, 40, 
60, 80 and 101

CMLV strain isolated from sick camels in the Sudan in 
calf testis cell culture and passaged in Vero cells 

Khalafalla et al. (1998); 
Abdellatif et al. (2014)

CMLV- Jouf 80
Al Jouf strain of CMLV isolated from sick dromedary 
camels in Saudi Arabia and passaged in camel kidney 
cell culture

Hafez et al. (1992)

Ducapox 96

Dubai camelpox attenuated vaccine produced by 
passage in Vero cells at the Central Veterinary Research 
Laboratory (CVRL), Dubai using isolate of the UAE 
(strain CaPV298-2)

Wernery (1992)

CML/Nw-wt 3 CMLV strain CML/Nw/ isolated in cell culture from 
sick dromedary camels in the Sudan Khalafalla et al. (1998)

CML/Tm-wt 4 CMLV strain CML/Tm/93 isolated in cell culture from 
sick dromedary camels in the Sudan Khalafalla et al. (1998)

CMLV-1 - Extracted DNA from purified CMLV-Teheran or CP-1 Duraffour et al. (2011)

CMLV-14 - Extracted DNA from purified CMLV CP-14 isolated 
from camels in United Arab Emirates Duraffour et al. (2011)

CML/Sh30-wt 2 Extracted DNA from CMLV isolated from sick camels 
in Eastern Sudan This publication

CML/Sh41-wt 5 Extracted DNA from CMLV isolated from sick camels 
in Eastern Sudan This publication

CMLV/43-wt 3 Extracted DNA from CMLV isolated from sick camels 
in Eastern Sudan This publication
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Sequencing
The PCR products were then checked in agarose gel, 
purified using the QIAquick PCR Purification Kit 
(Qiagen, Hilden, Germany) and then were sequenced. 
Sequencing was completed using the BigDye® 
Terminator v3.1 cycle sequencing chemistry kit for 
each primer pairs. Nucleotide positions were confirmed 
based on two independent sequencing reactions in both 
directions. 
Phylogenetic analysis
The terminal unreliable nucleotides of the obtained 
gene sequences were first trimmed-off automatically 
and both forward and reverse sequences were aligned 
in the Geneious version 8.1 created by Biomatters, 
available from http://www.geneious.com. The forward 
and the reverse sequences were used to obtain the 
correct sequence of the fragment. The biologically 
correct sequences were subjected to basic local 
alignment search and comparison with nucleotide 
sequence in the GenBank database using the online 
BLASTN program on the NCBI website (Altschul 
et al., 1997). Phylogenetic tree based on nucleotide 
sequences was constructed using the Neighbor-Joining 
method in MEGA X (Kumar et al., 2018). Nucleotide 
sequences of CMLV investigated in the present study 
were compared with analogous sequences from other 
CMLV isolates and related OPXVs available in the 
GenBank database (Table 2).

Recombination analysis using RDP5
The Recombination Detection Program v.3 (RDP5) 
was used for recombination analysis. Recombination 
events, likely parental isolates of recombinants, and 
recombination break points were analyzed using the 
RDP, GENECONV, Chimaera, MaxChi, BOOTSCAN, 
and SISCAN methods implemented in the RDP4 
program with default settings (Martin et al., 2015).
Ethical approval
This article does not contain any studies with human or 
animal subjects performed by any of the authors.

Results
PCR
Two sizes of PCR products were obtained: 1) band of 
~880 bp in wild-type CMLV isolates (CML-Nw-SD, 
CML/Sh41), passages 8 and 10 of CML/Db/92 (ML/
Db-P8 and P10) (Fig. 1) as well as the reference CMLV 
strains 1 and 14 (not shown), and 2) band of ~1,250 
bp in passage 20 and higher of CML/Db/92 (Fig. 1) 
and the two vaccine strains Al-Jouf 78 and Ducapox 
vaccine (not shown). 
To support results of the ATIP gene, PCR was performed 
to amplify L1R and ORF 185 genes. DNAs from 
the CMLV positive control and the various passages 
produced amplicons of expected size (765 bp and for 
L1R and ORF 185), but there is no size difference in 
CMLV passages (passages 10 to 89) (data not shown).

Table 2. Information on OPXV sequences used for the phylogenetic analysis in the present study.

No Species Virus identification Host/origin origin GenBank 
accession Reference

1 CMLV CMLV M-96 dromedary Kazakhstan AF438165.1 Afonso et al. (2002)

2 CMLV CMLV CMS dromedary Iran AY009089 Gubser and Smith (2002)

3 CMLV Orthopoxvirus cameli dromedary Iran X69774 Meyer and Rziha (1993)

4 CPXV strain GRI-90 Human Russia X94355.2 Shchelkunov et al. (1998)

5 CPXV CPXV strain HumGra07/1 Human Germany KC813510.1 Dabrowski et al. (2013)

6 CPXV CPXV-Ger/2013 Alpaca Germany LT896719.1 Unpublished

7 VACV VACV strain Tiantan  
clone TT11

Tiantan 
vaccine sample China JX489138.1 Zhang et al. (2013)

8 VACV VACV-Lister-Clone-107 Unknown Unknown DQ121394.1 Garcel et al. (2007)

9 VACV VACV-WR-DRNAP Unknown Unknown M61187.1 Amegadzie et al. (1991)

10 VARV VARV-Sudan-1947 Human South Sudan DQ441441.1 Esposito et al. (2006)

11 VARV VARV-V1588 Human Germany LT706529.1 Unpublished

12 MPXV MPXV-Yambuku-DRC Monkey Congo DR KP849471.1 Nakazawa et al. (2015)

13 MPXV MPXV strain Congo_8 Monkey Congo DR KJ642613.1 Nakazawa et al. (2015)

14 MPXV MPXV-UTC Monkey Holand KJ642614.1 Nakazawa et al. (2015)

15 HPXV HPXV isolate MNR-76 Horse Mongolia DQ792504.1 Tulman et al. (2006)

16 TPXV TPXV strain Dahomey 1968 Unknown Benin DQ437594.1 Esposito et al. (2006)
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Fig. 2. Phylogenetic tree of the ATIP gene nucleotide sequences of wild type and cell 
culture passaged CMLV strains in comparison with selected OPXV sequences inferred 
using the Neighbor-Joining method (Saitou and Nei, 1987). Evolutionary analyses were 
conducted in MEGA X. The black squares refer to high passage CMLVs, black dots to 
wild-type CMLVs and vaccine strains, both sequenced in this work. Details on origin of 
the OPX sequences is shown in Table 1. 

Fig. 1. Agarose gel electrophoresis of PCR products amplified from the ATIP gene of 
CMLVs strains. Lane M; 100 bp marker, Lanes 1, 2, and 3: CML/Nw-wt, CML/Sh41 and 
CML/Db-P10, respectively. Lanes, 4, 5, 6, 7 and 8: CML/Db-P20, P40, P60, P80, and 
P101, respectively.
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Sequencing
Overall, 26 partial genome sequences representing the 
three investigated genes ATIP (n = 10), L1R (n = 6), and 
ORF 185 (n = 10 were obtained and are being deposited 
in the GenBank database. We failed to amplify ATIP 
gene sequences from CMLV-Ducapox vaccine and L1R 
sequence from some passages of CMLV strain CMl/Db-
92 (data not shown). Nucleotide sequences obtained in 
the present study were deposited in the GenBank under 
accession numbers MN970175–MN970184 for ATIP 
gene of CML-Nw-SD, CML/Db-P8, CML/Db-P10, 
CML/Db-P20, CML/Db-P30, CML/Db-P40, CML/Db-
P50, CML/Db-P80, CML/Db-P98, and CML/Db-P101, 
respectively; MN970185–MN970190 for LIR gene of 
CMLV-41-SD, CML-Db-P30, CML-Db-P50, CML-
Db-P80, CML-Db-P98, and CMLV-Jouf-vaccine; 
MN970165–MN970174 for ORF 185 of CML-Nw-
SD, CML-Tm-SD, CML-Db-P10, CML-Db-P20, 
CML-Db-P50, CML-Db-P98, CML-Db-P101, CMLV-
41-SD, CMLV Ducapox-vaccine, CMLV-Jouf-vaccine, 
respectively.
Phylogenetic analysis
A BLAST search revealed that the wild-type or low-
passage CMLV strains are closely related to the 
previously sequenced strains of CMLV [CMLV M-96 

from Kazakhstan (Gen-Bank ID: AF438165.1; Afonso et 
al. (2002) (Sequences 138104 to 138920)], CMLV CMS 
from Iran [GenBank ID: AY009089; Gubser and Smith 
(2002) (Sequences 136224 to 137040) and Orthopoxvirus 
cameli, CMLV Teheran (GenBank ID: X69774; Meyer 
and Rziha (1993)]. These include passages 8 and 10 of 
the strain CMLV/Db (CMLV/Db-P8 and P10). 
Starting from passage 20 (CML/Db-P20), the ATI 
sequences become closer to VACV rather than CMLV. 
Passage 20 of this strain (CMLV/Db-P20), which has an 
added block of nucleotides that gave a larger (than the 
881 bp produced by wild-type CMLVs) PCR product 
of ~1,250 bp showed 98% nt identity with VACVs and 
less than 93% (not shown in the BLAST) with CMLV 
sequences. 
Accordingly, the phylogeny analysis of the cell culture 
passaged virus showed three groups 1) Passage 8 
clustered with wild type CMLVs; 2) Passage 10 forms a 
closely related branch to that of CMLVs cluster, and 3) 
Passage 20 to 101 forms a uniform group within VACV 
cluster (Fig. 2, Table 3). 
Based on BLAST search, passage 8 (and several 
wild type isolates) showed 99% nucleotide sequence 
homology with wild type such as CMLV M-96 (GB# 
AF438165.1), but 97% with VACVs including Lister 

Table 3. Results of BLAST search using CMLV ATIP gene sequences investigated in this work for best hit with published 
CMLV, VACV, CPXV, VARV, HPXV, MPXV, and TPXV* sequences. Shown are virus names and percent identity (%) in order of 
decreasing percent identity (1–7).

BLAST hits in decreasing order of similarity

Virus 1 2 3 4 5 6 7

CML/Nw-wt CMLV, 
99.2%

VACV, 
96.7%

HPXV, 
96.7%

TPXV, 
96.2%

CPXV, 
95.4%

MPXV, 
93.3%

VARV, 
84.6%

CML/Tm-wt CMLV, 
99.6%

VACV, 
96.9%

HPXV, 
96.9%

TPXV, 
96.1%

CPXV, 
95.5%

MPXV, 
93.3%

VARV, 
84.9%

CML/Db-P10 CMLV, 
95.9%

VACV, 
94.4%

HPXV, 
94.4%

CPXV, 
93.8%

TPXV, 
93.6%

MPXV, 
89.7%

VARV, 
81.4%

CML/Db-P20 VACV, 
97.7%

CMLV, 
97.2%

HPXV, 
93.5%

CPXV, 
92.7%

TPXV, 
92.6%

VARV, 
89.2%

MPXV, 
83.8%

CML/Db-P30 VACV, 
97.9%

CMLV, 
97.8%

HPXV, 
96.1%

CPXV, 
93.6%

TPXV, 
93.3%

VARV, 
90.0%

MPXV, 
82.7%

CML/Db-P40 VACV, 
99.0%

CMLV, 
97.8%

HPXV, 
95.4%

VARV, 
94.5%

TPXV, 
94.3%

VARV, 
90.7%

MPXV, 
83.6%

CML/Db-P50 VACV, 
98.2%

CMLV, 
97.2%

HPXV, 
93.2%

CPXV, 
92.2%

TPXV, 
92.2%

VARV, 
87.0%

MPXV, 
82.1%

CML/Db-P80 VACV, 
98.6%

CMLV, 
97.8%

HPXV, 
95.1%

CPXV, 
94.2%

TPXV, 
94.0%

VARV, 
90.4.0%

MPXV, 
83.4%

CML/Db-P98 VACV, 
98.2%

CMLV, 
97.2%

HPXV, 
92.9%

CPXV, 
92.0%

TPXV, 
91.8%

MPXV, 
91.3%

VARV, 
88.3%

CML/Db-P101 VACV, 
97.6%

CMLV, 
97.4%

HPXV,  
93.6

CPXV, 
92.6%

TPXV, 
92.3%

VARV, 
88.3.0%

MPXV, 
82.6%

CMLV-Jouf-78-vaccine VACV, 
95.3%

CMLV, 
95.1%

HPXV, 
94.4%

CPXV, 
93.2%

TPXV, 
92.6%

VARV, 
90.2.0%

MPXV, 
90.6%

TPXV* Taterapoxvirus.
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clone VACV107. Passage 10 demonstrated 98% 
homology with CMLV strain Al Ahsa JQ901104.1, 
96% with wild type such as CMLV M-96, but 94% 
with VACV, Rabbitpox virus, (AY484669.1). Passage 
20 (and higher passages) showed 98% homology 
with VACV Tiantan clone TT11 (JX489138.1), 
VACV Lister clone VACV107 (DQ121394.1), 
VACV Lister (AY678276.1), VACV TianTan clone 
TP5 (KC207811.1) and VACV TianTan clone TP3 
(KC207810.1) and 97% with other VACV and 
Rabbitpox virus (AY484669.1). 95%, 94% with other 

VACV and Horsepox virus (HPXV) isolate MNR-76 
(DQ792504.1); and less than 93% (not shown in the 
BLAST) with CMLV sequences.
Alignment by Muscle (MEGA 6.06) of passages 8, 10, 
and 20 with CMLV-M-96; (Position 138,127–138,907; 
GB# NC_003391) and vaccinia virus sequence (position 
135,622–136,649; GB# NC_006998) indicated that 
sequence 136,059–136,649 is almost identical in all 
the five sequences and sequence 136,622–136,059 is 
variable with several insertions of 10–50 nucleotides. 
On the other hand, testing the long insertion (216 nt) for 

Fig. 3. Phylogenetic tree of the L1R gene nucleotide sequences of wild type and 
cell culture passaged CMLV strains in comparison with selected OPXV sequences 
inferred using the Neighbor-Joining method (Saitou and Nei, 1987). Evolutionary 
analyses were conducted in MEGA X. The black squares refer to high passage 
CMLVs, black dots to wild-type CMLVs and vaccine strains, both sequenced in this 
work. Details on origin of the OPX sequences are shown in Table 1.

Table 4. Results of BLAST search using CMLV L1R gene sequences investigated in this work for best hit with published CMLV, 
VACV, CPXV, VARV, HPXV, MPXV, and TPXV sequences. Shown are virus name, GenBank accession # and percent identity 
(%) in order of decreasing percent identity (1–7).

BLAST hits in decreasing order

Virus 1 2 3 4 5 6 7

CML-41-SD CMLV, 
99.7%

TPXV, 
99.4%

CPXV, 
99.2%

VARV, 
99.1%

VACV,

98.5%

HPXV,

98.3%

MPXV,

98.0%

CMLV-Db-P50 VACV, 
100.0%

CPXV, 
99.6% 

HPXV, 
99.0%

VARV, 
98.8%

MPXV, 
98.8% 

TPXV, 
98.8%

CMLV, 
97.9%

CMLV-Db-P98 VACV, 
100.0%

CPXV, 
99.6%

HPXV, 
99.0%

VARV, 
98.7%

TPXV, 
98.7%

MPXV,  
98.7 %

CMLV, 
98.0%

CMLV-Jouf-vaccine VACV, 
100.0%

CPXV, 
99.9%

HPXV,  
99.0 %

VARV, 
98.8%

MPXV, 
98.8%

TPXV, 
98.8%

CMLV, 
97.9%
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the presence of tandem repeat using online EMBOSS 
tools (einverted, palindrome, and equicktandem) was 
found negative.

Results of BLAST and phylogenetic analysis for L1R 
gene are shown in Table 4 and Figure 3 and those of 
ORF 185 in Table 5 and Figure 4.

Table 5. Results of BLAST search using CMLV ORF185 sequences investigated in this work for best hit with published 
CMLV, VACV, CPXV, VARV, HPXV, MPXV, and TPXV sequences. Shown are virus name and percent identity (%) in order of 
decreasing percent identity (1–7).

BLAST hits in decreasing order

Virus 1 2 3 4 5 6 7

CML-41-SD CMLV, 99.2 CPXV, 
98.2%

TPXV, 
98.2%

VARV, 
97.5%

VACV, 
96.5%

HPXV,  
96.4 

MPXV,  
96.2%

CML/Db-P20 VACV, 
99.7%

HPXV, 
98.9%

CPXV, 
98.7%

MPXV, 
98.3%

VARV, 
96.3%

TPXV, 
96.3%

CMLV, 
95.7%

CML/Db-P50 VACV, 
99.7%

HPXV,  
99%

CPXV, 
98.7%

MPXV, 
98.4%

TPXV, 
96.4%

VARV, 
96.3%

CMLV, 
95.8%

CML/Db-P98 VACV, 
99.7%

HPXV,  
99%

CPXV, 
98.7%

MPXV,  
98.4 %

TPXV, 
96.4%

VARV, 
96.1%

CMLV, 
95.8%

CML/Db-P101 VACV, 
99.8%

HPXV, 
99.1%

CPXV, 
98.9%

MPXV, 
98.5%

TPXV, 
96.5%

VARV, 
96.4%

CMLV, 
95.9%

CMLV-Jouf-vaccine VACV, 
99.4%

HPXV 
98.8% 

CPXV, 
98.6%

MPXV, 
98.2% 

TPXV, 
96.3%

VARV, 
96.1%

CMLV, 
95.7%

CMLV-Ducapox 
vaccine

VACV,  
99.6 %

CPXV, 
95.1%

HPXV, 
94.9%

MPXV, 
94.9%

TPXV, 
92.6%

VARV, 
92.5%

CMLV,  
92%

Fig. 4. Phylogenetic tree of the ORF 185 nucleotide sequences of wild-type and 
cell culture passaged CMLV strains in comparison with selected OPXV sequences 
inferred using the Neighbor-Joining method (Saitou and Nei, 1987). Evolutionary 
analyses were conducted in MEGA X. The black squares refer to high passage 
CMLVs, black dots to wild-type CMLVs and vaccine strains, both sequenced in this 
work. Details on origin of the OPX sequences are shown in Table 2.
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Recombination analysis
To identify the recombination events, we performed 
recombination detection analysis using the RDP5 
program, which contains various recombination 
detection algorithms, such as RDP, GENECONV, 
Chimaera, MaxChi, BOOTSCAN, SISCAN, and 
3Seq. All these seven algorithms can predict the 
seven recombination events in the ATIP gene (Table 6  
and Fig. 5). In all recombinants, the minor parent is 
CML/Db-P8 (99.6% similarity), however, the major 
parent was unknown, but possibly be (CML/Db-
P10). For all recombinant, the Beginning breakpoint 
(position in alignment) was undetermined except 
for CML/Db-P40, CML/Db-P50 (ATIP gene) and 
CMLV-41-SD (ORF185) which begin at position 39, 
37, and 34, respectively. For all ATIP recombinant, 

the end breakpoint (position in alignment) was at 
264. The end breakpoint (position in alignment) for 
ORF185 recombinants was undetermined. Another 
recombination event in OERF185 gene was observed 
(CMLV-Db-P20) but possibly due to misalignment 
artifact.
To further evaluate whether sequence from Vaccinia 
virus had inserted into CMLV genome, we carried 
recombination analysis using aligned sequences 
of full-length of ATIP (passage 8, 10, 20, and 30), 
Vaccinia virus (NC_006998.1_Va) and CMLV 
(NC_003391.1_CM). Five recombination events have 
been identified (Fig. 6), of which two events clearly 
generated recombinant having fragments of Vaccinia 
virus (CML/Db-P20 and CML/Db-P30 recombinants) 
(Fig. 6 and Table 7).

Fig. 5. Analysis of possible recombination events in full-length of ATIP and ORF185 genes. (a) Seven recombination events were 
detected in ATIP gene resulted in CML/Db-P20, CML/Db-P40, CML/Db-P50, CML/Db-P60, CML/Db-P80, CML/Db-P98, and 
CML/Db-P101 recombinants. (b) Two recombination events (possibly reassortment) were detected in ORF185 that generated 
CML-Nw-SD and CMLV-41-SD recombinants. Detailed information for recombination was also provided in Table 4. Each 
segment is indicated by different color bar.
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Discussion
Sequence of the ATIP gene region could determine the 
species of the OPXV via PCR by producing amplicons 
of different sizes due to the heterogeneity of the primer 
binding sites (Meyer et al., 1994). Our results indicated 
two different banding patterns 1) the CMLV-typical 
band in wild-type CMLV isolates, cell culture passages 
8 and 10 of the virus as well as the reference CMLV 
strains and 2) band of ~1250 bp in passage 20 and 
higher of the virus and the two vaccine strains; Al-
Jouf 78 and Ducapox vaccine. Sequence analysis of 
ATIP gene region as well as of two other OPXV genes 
indicated that high cell culture passage CMLV turn to 
resemble VACV after cell culture passage. Of note, 
PCR revealed no differences in product size of L1R and 
ORF 185 genes between the wild type and the passaged 

CMLV. Yousif and Al-Ali (2012) likewise observed no 
size difference in four other OPXV genes including the 
L1R.
These findings of the present study corroborated results 
obtained by Yousif and Al Ali (2012), who had identified 
VACV-like sequences in Al-Jouf-78 vaccine strain. 
The authors claimed that a conceivable contamination 
event during production may have caused the mistaken 
identity as VACV Elstree (Lister) which was used 
during initial testing of the developed vaccine (Hafez et 
al., 1992) supporting the previous studies which have 
shown a high recombination rate during a poxvirus co-
infection (Oliveira et al., 2015). How a contamination 
of such scale remained undetected could be explained 
by the use of serologic techniques, which due to the 
cross-reactivity of OPXVs cannot differentiate between 

Fig. 6. Analysis of possible recombination events in aligned full-length of ATIP (passage 8, 10, 20 and 30), Vaccinia virus 
(NC_006998.1_Va) and CMLV (NC_003391.1_CM). The most important events showing insertion of fragment of Vaccinia virus 
into CMLV at passage 20 and 30 (shown by yellow arrow (CML/Db-P20 and CML/Db-P30 recombinants). Detailed information 
for recombination was also provided in Table 1. Each segment is indicated by different color bar.

Table 7. Summary of unique recombination events identified by the Recombination Detection 
Program v.3 (RDP5).

Recombinant CML/Db-P20 CML/Db-P30

Major parent CML/Db-P8 (81.5% 
similarity)

CML/Db-P8 (89.3% 
similarity)

Minor parent NC_006998.1_Va 
(57.1% similarity)

NC_006998.1_Va 
(46.6% similarity

P-values determined 
by seven different 

programs

RDP

GENECONV

BootScan

MaxiChi

Chimaera

Siscan

3Seq

1.350 × 10−03

ND

ND

ND

1.905 × 10-09

ND

2.636 × 10-02

8.346 × 10−02

ND

ND

2.538 × 10-13

1.607 × 10-04

ND

ND

Beginning breakpoint (position in alignment) 928 (99% CI: 
Undetermined)

728 (99% CI: 
Undetermined)

Ending breakpoint (position in alignment) Undetermined (99% CI: 
Undetermined)

Undetermined (99% CI: 
Undetermined)

ND: Recombination not detected with this algorithm.
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CMLV and VACV, and not gene-based assays in the 
process of virus identification and quality control. Since 
VACV Lister was successfully used in neighboring 
country Bahrain to control outbreaks of camelpox in 
1987, it would be interesting, if available, to amplify 
the ATIP gene of the wild type Al Jouf isolate to see if it 
is a true CMLV or not, owing to its broad host range, a 
VACV Lister that had spread from vaccinated camels in 
Bahrain to unvaccinated herds in Saudi Arabia. It could 
be also a VACV Lister that probably have had emerged 
and circulated in dromedary camels in a pattern like 
the recent emergence of vaccinia-like viruses in Brazil 
and India (Singh et al., 2012; Oliveira et al., 2015). The 
recombination in OPXVs is well documented (Bourke 
and Dumbell, 1972; Takahashi-Nishimaki et al., 1987; 
Okeke et al., 2012) and early investigations indicated 
that homologous recombination could occur between 
the genomes of two replicating poxviruses and later, 
marker rescue studies demonstrated that fragments of 
genomic and cloned DNA could recombine with the 
genome of VACV in infected cells (Sánchez-Sampedro 
et al., 2015). 
The present study shows that other two attenuated 
strains of CMVs which undergone several passages 
in cell culture are also genetically like VACV. It is 
unlikely that events of contamination by VACV have 
occurred in the three laboratories (Saudi Arabia, 
UAE and Sudan) at different time span resulting in 
attenuation. In the present study, a band of ~1,250 bp 
was detected in passage 20 and higher of CML/Db/92 
which is less than that of the VACV Western Reserve 
(~1,603 bp) as depicted by Meyer et al. (1997). In 
our study, we concluded that high passage CMLVs 
from Sudan and UAE contain sequences resembling 
VACV and speculated that this event is unlikely due to 
contamination with VACV as proposed in a previous 
publication, otherwise the size would be comparable or 
near ~1,603 bp.
However, there is a need to suggest or test other 
possibilities that could disclose what happened to the 
virus. A multiple passage in a different host without 
any other factor though can change some of the genetic 
makeup of the CMLV, but probably not to the level 
of more than 90%. For instance, this could have been 
due to modified vaccinia virus Angara, which was 
passaged more than 570 times in primary chick embryo 
fibroblast cells but lost only 15% (around 30 kb) of its 
parental genome (Sánchez-Sampedro et al., 2015). The 
cell culture system used to attenuate the three CMLVs 
is different (camel kidney cell culture/Vero), but all 
were supplemented with fetal bovine serum. There is 
the possibility that a recombination even has occurred 
between passages of CMLVs and genomic fragments 
of some OPXVs present in the serum, which was used 
as a nutrient supplement for the cell culture as previous 
studies have detected OPXV DNA in serum of infected 
hosts (Savona et al., 2006; Cohen et al., 2007; Abrahão 
et al., 2010).

Further research is needed to prove the hypothesis of 
VACV contamination by whole genome sequencing 
and studying more high passage CMLV isolates to 
examine a possible event of genetic recombination 
between vaccine strains and some genetic CMLV 
elements during attenuation in the cell culture or 
other possibilities such as the non-genetic genome 
reactivation which can generate infectious virus within 
and between members of genera in the subfamily 
Chordopoxvirinae (ICTV, 2009).
Moreover, our findings highlighted the importance of 
studying the genetic variability among CMLV strains 
circulating in the environment using the ATIP gene 
PCR and next generation sequencing.
The present study confirmed that high cell culture 
passage CMLV turn to resemble VACV after cell culture 
passage and concluded that the resemblance may not 
be a result of contamination or misidentification as 
previously thought but probably involve molecular 
events that are resultant from the passage process. The 
results of this investigation can add to the understanding 
of the molecular bases of poxvirus attenuation and give 
genetic markers to differentiate between wild type and 
vaccine strains.
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