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ABSTRACT

Camelpox virus (CMLYV) belongs to the genus Orthopoxvirus (OPV) of Poxviridae. CMLV causes
clinical disease in camel populations worldwide., CMLV has been known in Saudi Arabia for
centuries. However, no attempts have been made to characterize the endemic CMLV genetically.
This situation leads to the inability to momtor the molecular epidemiology of the virus in the
environment. It also reduces our capability to evaluate vaccine-based control strategies. CMLV
continues to persist in nature and re-emerge. We were able to isolate a CMLYV from an outbreak in
the Eastern Provence of KSA in 2009, The infection produced mild clinical signs in adults and
camel calves. We were able to confirm that the isolate was indeed CMLYV using PCR and partial
sequencing of the A-type inclusion protein (ATIP) gene. The Orthopoxvirus (OPV) ortholog genes
L1R, A271, A3S3R and B5R of the Saudi enzootic CMLYV were also investigated using a modified
PCR assay. Our data explains some of the variation obtained with restriction analysis and
underlines the need for a review of some of the vaccines used to control CMLV.

Key words: Camelpox, environment, enzootic, fNES, isolation, outbreak, orthopox, PCR,

sequencing, skin

INTRODUCTION

Camelpox oceurs in almost every country in which camel husbandry is practiced apart from the
introduced dromedary camel in Australia and tylopods (lama and related species) in South
America. Outbreaks have been reported in the Middle East (Bahrain, Iran, Iraq, Oman, Saudi
Arabia, United Arab Emirates and Yemen), in Asia (Afghanistan and Pakistan), in Africa (Algeria,
Egvpt, Ethiopia, Kenya, Mauritania, Moroceo, Niger, Somalia and Sudan) (Wernery et al., 1997)
and in the scuthern parts of Russia and India. The first outbreak of CMLV was reported recently
in Syria (Al7Zi’abi et al., 2007). The disease is endemic in these countries and a pattern of sporadic
outbreaks occurs with a rise in the seasonal incidence usually during the rainy season (OIE, 2009),

In Saudi Arabia, the first report was in 1986 (Alhendi ef al., 1994). Since then, CMLYVY was
reported in the eastern region of Saudi Arabia in 1994 with 10% morbidity and no
mortalities (Alhendi ef al., 1994). In Al-Ahsa region, another ocutbreak of CMP was reported in 1999
with 100% morbidity and, again, no mortalities (Abu Elzein ef al., 1999). More recently, CMLV was
reported in Jazan with 41% morbidity and 3.6% mortality (Dafalla and Elfadel, 2007).
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Camelpox 1s characterized by fever, local or generalized pox lesions on the skin and in the mucous
membranes of the mouth, respiratory and digestive tracts. The clinical manifestations range from
inapparent infection to mild, moderate and less commonly, severe systemic infection and death.
Severe camelpox cutbreaks in nalve young camelids cause high mortalities (OIE, 2009). The
variation in the severity of clinical signs possibly reflects differences between the strains of CMLYV
{(Wernery and Kaaden, 2002). The infection may also spread to the hands of camel drivers
(Carter et al., 2005, Al/Z1’abi ef al., 2007).

Camelpox is caused by a poxvirus. Members of Family Poxviridae, subfamily Chordopoxvirinae,
genus Orthopoxvirus are among the best and longest known viruses to mankind and they are
among the most feared viruses of livestock animals and humans. Viruses of the family Poxviridae
have large and complex virions with a size of approximately 140-260 nmx220-450 nm that 1s large
enough to be visible by light microscopy. The genome is a double-stranded DNA molecule of
130-375 kbp, with the genome size varying between genera and from strain to strain. Genetic
studies showed that the central part (approximately 100 kbp) of the genome is highly conserved
in gene order, content and sequences whereas the terminal regions vary both in length and
patterns of restriction enzyme cleavage sites (Essbauer et al., 2010},

Viruses belonging to genus Orthopoxvirus (OFPV) are antigenically closely related.
Members/species include Variola major virus (VAR), Monkeypox virus (MPV), Camelpox virus
{(CMLYV), Vaccinia virus (VAC), Cowpox virus (CPV) and six other species not known to be
pathogenic for humans (Panning et al., 2004; Essbauer et al., 2010),

The presumptive preliminary diagnosis depends on clinical signs. However, early and mild
clinical signs can be confused with a number of other disease conditions like contagious ecthyma
{orf), papilloma virus and reaction to insect bites. Confirmatory diagnosis is essential for proper
diagnosis. Diagnostic techniques include TEM, demonstration of CMLV antigens in tissues and
scabs by immunochistochemistry, isolation on the chorioallantoic membrane of embryonated chicken
eggs and detection of viral nucleic acid using PCR and restriction analysis (OIE, 2009). Today,
PCR, realtime PCR and sequencing are the methods of choice for rapid identification and
differentiation of poxviruses up to the species level (Mercer ef al., 2007; Balamurugan et al., 2009),
Diagnostic procedures based on sampling skin are preferred since scabs and other skin lesions are
easily sampled, the virus is stable in scabs and lesions appear 1-3 days after the onset of fever and
may be present long after fever subsides.

Despite the fact that CMLV has been known in Saudi Arabia for centuries, no attempts have
been made to characterize the endemic CMLYV genetically. This situation leads to the inability to
monitor the molecular epidemiology of the virus in the environment. It also reduces our capability
to evaluate vaccine-based control strategies. In this publication, we report the first molecular
characterization of the enzootic CMLV in the KSA.

MATERIALS AND METHODS

Samples: Three Non-febrile adult camels and camel calves (6 and 8 months old) showing mild
skin lesions were sampled. Animals sampled belonged to a single herd of fifteen camels that was
partially fed by grazing in the Eastern Province of Saudi Arabia. Minute scabs loosely attached
to the camel coat or crusted scabs which were harder to remove from the camel skin were
collected 1n sterile cups and transported dry to the Central Bictechnology Laboratory, College of
Veterinary Medicine, King Faisal University, Saudi Arabia. Samples were kept at -80°C until
processing. Blood was collected from the jugular vein of twoe camel calves aged 6 and 8 showing very
mild erusted pox lesions. Blood was aliquoted and preserved at -80°C until processing.
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Total DNA extraction from skin lesions

The FNES technique: Ten milligrams (0.01 g) of the sampled scabs and negative camel tissue
{negative control) were weighed, transferred to a sterile porcelain mortar and ground in 500 pl,
of freshly prepared extraction buffer AusEx3 [100 mM Tris pH 8.0, 50 mM EDTA pH 8.0, 500 mM
NaCl, 1.5% SDS, 0.3% 2-ME]. AuskEx3 is modified from EB desecribed by Hosaka (2004). The
200 pL from the tissue homogenate of each sample were then transferred to a 1.5 mL microfuge
and 64 pl. of 3 M potassium acetate were added to precipitate the SDS- protein complex. The tubes
were centrifuged at 20800x g for 20 sec and 120 pL (up to 200 uL can be used) of each extract were
transferred to a fresh nuclease-free microfuge tube. Each sample 1s processed in less than three
minutes. The technique was termed FINES technique because it is fast, non-enzymatic and safe.
DINA extracts were kept at -20°C until they were analyzed by PCR and spectrophotometry. Each
sample was extracted three times using the FINES technique to test reproducibility of the results.

DNA extraction using commercial kits: Qiagen DNeasy Bloed and Tissue Kit (QIAGEN
Sciences, Maryland, USA) was used for the extraction of DNA from scabs, blood and an
experimental OFV vaccine (provided by the Ministry of Agriculture, Saudi Arabia). Extractions
were performed according to the manufacturer’s recommendations using 20 mg of scabs, B0 pL of
bloed and 50 pL of reconstituted vaceine as starting materials. DINA extracts were kept frozen at
-20°C until tested using PCR and spectrophotometry.

Extraction was performed according the manufacturer’s recommendations using 20 mg of scabs,
50 pL of blood and 50 pLi of reconstituted vaccine as starting material. DNA extracts were kept at
-20°C until use.

Primers: Primers that amplify a region of the Acidophilie-Type Inclusion Protein (ATIF) gene
(Meyer et al., 1994) were used to detect the presence of OFV sequences in DNA from the skin
lesions of sampled camels. The sequence of the forward primer (ATI up 1) was 5°- AAT ACA AGG
AGG ATCT-3and the reverse primer (ATI low 1) was 5°- CTT AAC TTT TTC TTT CTC-3". In
addition, two extracellular enveloped virus (EEV)-specific ortholog genes (A33R and BER) were
targeted for amplification. The primers used were AS3R upper (5°-GGC ATA TGA TGA CAC CAG
AAA ACG-37), A33R lower (5°-GGC TCG AGT TAGTTC ATT GTT TTA ACA C-37), B5R upper
(5°-GGC ATA TGA AAA CGATTT CCGTTG TTA CG-3") and BbBR lower (5°-GGC TCG AGT TAC
GGOT AGC AAT TTA TGG-3% (Hooper et al., 2004). Also, two Intracellular Mature Virus (IMV)
genes (L1IRE and A27L) were also targeted for amplification. The primers used were L1R upper
(5"-GGC ATA TGG GTG CCG CAG CAA GC-3Y), L1R lower (5°-GGC TCG AGT CAG TTT TGC ATA
TCC G-3%, A27L upper (5-GGC CAT GGA CGG AAC TCT TTT CCC CG-3") and A27L lower
(5°- GGC TCG AGC TCA TAT GGA CGC CGT CC-37) (Hooper et al., 2004). A3SR, B5R, L1R and

A27L amplification reaction conditions were not deseribed previously.

PCR: ATIP, A33R, B5R, LL1R and A27L, amplification reactions were carried out using the HotStar
Tag® Plus Master Mix PCR kit (QIAGEN, Hilden, Germany). Each reaction tube contained cone
unit of HotStar Tag®Plus DNA polymerase in 1X PCR buffer containing (KCl and (NH,}),50,),
200 uM of each dINTP, 0.5 uM of each of the forward and reverse primers, 1X CorallLoad dye mix
and 3 pl of a 1:50 dilution of each of the samples and controls.

The reaction tubes were centrifuged at 2000x g briefly and placed in a BioRad MyCycler™
thermal cycler (BioRad, Hercules, California, USA). ATIP PCR reactions conditions were described
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previously (Meyer et al., 1994). Thermal cycling conditions for amplification of the A33R and BB6R
ortholog genes were: an initial denaturation step (85°C for 4 min), 15 first-stage amplification cycles
{(95°C for 1 min, 44°C for 1 min and 72°C for 2.5 min), 25 sec stage amplification cycles (95°C for
30 sec, 46°C for 30 sec and 72°C for 2.5 min) and a final extension step (72°C for 5 min). Thermal
cyeling conditions for amplification of the LL1R ortholog gene was: an initial denaturation step
(95°C for 4 min), 15 first-stage amplification cycles (95°C for 1 min, 60°C for 1 min and 72°C for
2.5 min}, 25 sec stage amplification cycles (95°C for 30 sec, 70°C for 30 sec and 72°C for 2.5 min)
and a final extension step (72°C for 5 min). Thermal cycling conditions for amplification of the
A27L ortholog gene was: an initial denaturation step (95°C for 4 min), 15 first-stage amplification
cycles (95°C for 1 min, 50°C for 1 min and 72°C for 2.5 min), 25 sec stage amplification cycles
{95°C for 30 sec, BB°C for 30 sec and 72°C for 2.5 min) and a final extension step (72°C for b min).
After amplification, 15 pL were analyzed by electrophoresis on a 1.2% agarose gel stained with
ethidium bromide. DNA bands were wvisualized by UV irradiation in a Gel Doc XR gel
documentation system (BIO-RAD laboratories, Milan, [taly).

Sequencing: PCR products were purified from gels using QIAEX® Gel Extraction Kit (QIAGEN
Sciences, Maryland, UUSA). Purified PCR products were sequenced in both orientations by the
dideoxy chain-termination method using the amplification primers described earlier. The nucleotide
and amino acid sequences of these genes were aligned using CLUSTAL W (Thompson et al., 1994)
and BLAST 2.0 search program (National center for Biotechnology Information (INCBI)
{(Altschul ef af., 1997).

Virus isolation on the chorioallantoic membrane of embryonated chicken eggs: Skin
lesions were processed for viral isolation and inoculated on the Choricallantoic Membrane (CAM)
of 11-13 day old SPF Embryonated Chicken Kggs (ECE). The eggs were incubated at 35°C degrees
and after 5 days, the eggs containing living embryocs were refrigerated overnight. Inoculated eggs
were then opened and the CAM examined for the presence of characteristic pock lesions: dense,
grayish-white or lighter less elevated with hemorrhagic centers. Two passages were done on the

CAM of ECE.

Histopathology: Paraffin sections from the tissue specimens were prepared and stained with
Haematoxyline and Eosin according to Bancroft ef al. (1996). Briefly, the slide were
deparaffinize in 2 changes of xylene, 15 min each and hydrate to water by descending grades of
alcohol (95, 80 and 70%) 10 min each. Mayer's hematoxylin was added on slides for 15 min then
washed in running tap water for 20 min and counterstained with eosin for 2 min. The sides were
dehydrated in 95% and absolute aleohols, two changes of 2 min each until excess eosin was
removed, then cleared in xylene (two changes of 2 min each) and mounted in Canada balsam.

RESULTS

PCR amplification of CMLV genes: Successful amplification of the three OPV genes tested was
achieved. A27L gene PCR products (362 bp) were successfully amplified from extracts of skin lesions
of camels with clear CMLYV lesions (Fig. 1, lane 2). A27L was not amplified from the OPV control
{(Fig. 1, lane 1). A33R gene PCR products (568 bp) were successfully amplified from extracts of skin
lesions of camels with clear CMLYV lesions as well as the OPV control (Fig. 1, lanes 4 and 3,
respectively). BBR gene PCR products (967 bp) were successfully amplified from extracts of skin
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Fig. 1. PCR product analysis of CMLV A27L, A33R and B5R orthologs.. A27L, A33R and BBR
primers (Hooper ef al., 2004) were used to amplify OFV sequences from 1:50 dilutions of
DINA extracts of camel skin samples and an OPV vaccine. 100 bp DNA ladder 1s the far left,
of the figure. Lanes 1 and 2: A27L PCR products for OPV and CMLV, respectively. Lanes
3 and 4. A33R PCRE products for OFV and CMLYV, respectively. Lanes b and 6: BER PCR
products for OPV and CMLYV, respectively. Notice that the OPV PCR for A27L was negative,
All other gene amplifications produced comparable results for both OPV and CMLV

lesions of camels with clear CMLYV lesions as well as the OPV control (Fig. 1, lanes 6 and 5,
respectively). ATIP gene PCR products (881 bp) were successfully amplified from extracts of skin
lesions (Fig. 2, lane 2). ATIP gene PCR product of about 1.5 Kbp was amplified from extracts of the
control OPVY (Fig. 2, lane 1). Both control OPV and CMLV produced the 765 bp PCR product
expected for the L1R gene amplification. The PCR products of A33R and B5SR ortholog genes
amplification from the FINES technique DNA extracts were comparable to those obtained from the
spin-column technique extracts (data not shown).

Isolation on the CAM of SPF ECE: The first passage of CMLV of the CAM of SFF ECE at,
35°C produced the characteristic pock lesions: light slightly elevated pock lesions with hemorrhagic
centers (Fig. 3c). The second passage performed at 38°C produced numerous characteristic pock
lesions: dense grayish-white with elevated centers (Fig. 8b). Seven to ten percent of embryos
developed hemorrhagic pitichae upon inoculation with CMLV (Fig. 3a). Histopathological
examination of the CAM of SPF ECE inoculated with CMLYV showed localized regions of thickening
in the CAM (Fig. 4a. Lower arrow) compared to the normal areas of the CAM (Fig. 4a. Upper
arrow). In membranes with visible hemorrhagic pock lesions, there was evidence of an increase in
small blood vessel supply to the membrane (Fig. 4b. Upper and lower arrows, B). The blood vessels
are engorged with RBCs,

Sequence confirmation of the CMLV PCR products: The PCR products were sequenced to
confirm the origin of the sequence amplified. The control OPV DNA amplified was shown to be an
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Fig. 2. PCR product analysis of CMLV A27L, A33R and B5R orthologs.. A27L, AS3E and BER
primers (Hooper et al., 2004) were used to amplify OFPV sequences from 1:50 dilutions of
DNA extracts of camel skin samples and an OFV vaccine, The 100 bp DNA ladder is the far
right of the figure. Lanes 1 and 2: ATIP PCR products for OPV and CMLYV, respectively.
Lanes 3 and 4: L1E PCR products for OFV and CMLYV, respectively. Notice that the OPV
PCR product of the ATIP gene was not consistent with that of the Saudi CMLV. LL1R gene
amplifications produced comparable results for both OPV and CMLV

= quf: P

Fig. 3(a-c); CMLYV isolation of the CAM of SFF ECE. (a) Some embryoes (7-10%) developed
haemorrhagic pitichae upon inoculation with CMLV. (b) The second passage was
incubated for 5 days at 38°C and (c) CMLV suspension prepared according to the
standard procedures for virus iselation (OIE, 2009) was inoculated onto the CAM of
SPF ECE and incubated for 5 days at 35°C

unexpected OPV. That information is currently being held awaiting the approval for publication

by the authorities.
The CMLV L1R gene ortholog resembles closely {100%) CMLV M-96 from Kazalkhstan
{GenBank accession No. AF438165.1) (Fig. 5). The CMLV A33R gene ortholog resembles closely
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s E ™

Fig. 4(a-b): Histopathological examination of the CAM of SPF KCE inoculated with CMLYV.
Localized regions of the CAM were thickened (lower arrow, a) compared to the normal
areas of the CAM (Upper arrow, a). In membranes with visible haemoerrhagic pock
lesions, there is evidence of an increase in small blood vessel supply to the membrane
{upper and lower arrows, b). The blood vessels are engorged with RBCs

qb|2F438165.1] @ Camelpox virus M-5%6 from Kazakhstan, complete gencome

Length=20571%

Features in this part of subject seguence:
putative myristylated IMV envelope protein

Score = 425 bits (470), Expect = Te-116
Identities = 235/235 (100%), Gaps = 0/235 (0%)
Strand=Plus/Plus

fuery 4 GCGARCGTATCTCGTCTARATTAGRACARGARGCGAATGCTAGTACTCRARAACRRARTGTE 63

FEEREEEET e e e e e e e e e e e e e b e e b e e e et
Sbjct 79912 GUGRACGTATCTCGTCTAARTTAGARCAAGRAGCGARTGCTAGTACTCRAACARARATGTG 79971

Query 64 ATGTAGARATCGGARATTTTTATATCCGACARARCCATGGATGTAACCTCACTGTTARRR 123

FEEREEEEr et e e e e e e e e e e e e e et e e e e e e eyl
Sbjct 79972 ATGTAGARATCGGARATTTTTATATCCGACARAARCCATGGATGTAACCTCACTGTTAARR 80031

Query 124 ATATGTGCTCCECEGATGLGEATGCTCAGTTGGATGCTGTGTTATCAGCCGCTACAGARA 183

FEERTEEET et e e e e e e e e e e e e e et e e e e e el
Sbjct 80032 ATATGTGCTCCGCGGATGCGGATGCTCAGTTGGATGCTGTGTTATCAGCCGCTACRAGARR 50051

Query 184 CATATAGTGEATTAACACCGGRAACAARARGCATACGTACCAGCTATGTTTACTGC 238

FEERTEEET e e e e e e e e e e e e e e e el
Sbjct 80092 CATATAGTGGATTARCACCGGAACARARRGCATACGTACCAGCTATGTTTACTGC 80146

Fig. 5: Imitial BLAST analysis of CMLV L1R ortholog. The sequence obtained was 100%
homologous to known CMLYV sequence M-96 form Asia

(100%) CMLV M-96 from Kazakhstan (GenBank accession No. AF438165.1) (Fig. 6). The CMLV
B5R gene ortholog resembles closely (99%) CMLV M-96 from Kazalkhstan (GenBank accession Ne.
AF438165.1) (Fig. 7). Two gaps may have contributed to this homology percent. Review of the
sequence 1s required to confirm that the gaps were not due to sequencing errors. The CMLV A27L,
gene ortholog resembles closely (98%) CMLV M-96 from Kazakhstan {(GenBank accession No.
AF438165.1) (Fig. 8). Review of the sequence 1s required to confirm that the two gaps observed
were not due to sequencing errors. The CMLV ATIP gene resembles closely (99%) CMLV M-96 from
Kazakhstan (GenBank accession No. AF438165.1). Part of the obtained sequence was submitted
to GenBank (GenBank accession No. GU937751) (Fig. 9).
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>.|_ lab [AF438165.1 D] Camelpox virus M-S6 from Kazakhstan, complete genome

Length=20571%9

Features in this part of subject segquence:
putative EEV protein

Score

Identities

= 426 bits (472), Expect = Ze-116

237/238 (99%), Gaps = 0/238 (0%)

Strand=Plus/Plus

Query
Shict
Query
Shict
Query
Shict
Query

Shict

1

145658

61

1457358

121

145818

181

143878

CTETGETTCTCCECTACTETTTACEGAGACARRATTCAGECARRRARTARRCGCARRCGCE 60

FETLEREEE e e e e e e e e e e e e e et e e e e e e e el
CTGTGTTCTCCGCTACTGTTTACGGAGACARRATTCAGGGARARRATARACGCARACGCG 145757

TRATTGGETATATGTATTAGRATATCTATGETTATTTCACTACTATCTATGATTACCATGT 120

TRATTGETATATGTATTAGRATATCTATGETTATTTCACTACTATCTATGATTACCATGT 145817

CCGCETTTCTCATAGTGCGCCTRAAATCAATGCATGTCTECTARCEAGECTETTATTACTE 180

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\\\\\\\\IIIIIIIIIIIIIIIIIIII
TTCTCATAGTGCGCCTARATCAATGCATGTCTGCTAACGAGGCTGTTATTACTG 145877

ACGCRACTGCCETTGCTGT TG CATCATCTACTCMTAGRRAGGTTGCSTCTAGCACTAC 238

FEPEEREEr e e e e e e e e e Ferrrr et e el
ACGCARCTGCCGTTGCTGTTGCATCATCTACTCATAGARAGETTGCGTCTAGCACTAC 145935

Fig. 6: Initial BLAST analysis of CMLV A33R ortholog. The sequence obtained was 100%
homologous to known CMLY sequence M-96 form Asia

>.|_ lob |AF438165.1 D] Camelpox virus M-96 from Kazakhstan, complete genome
Length=205715%

Features in this part of subject seguence:
putative EEV host-range protein

Score

= 450 bits (49%8), Expect

Identities =
Strand=Plus/Plus

Query
Shjct
Query
Shijct
Query
Shijct
Query
Shijct
Query

Shict

5

169588

63

165648

123

168708

183

169768

243

165828

256/258 (55%%), Gaps

2e-123
2/258 (0%)

TTATGCGT-CTACCTECTGTTGTTTATTCA-CATGTACTGTACCCACTATGAATAACGCT 62

FEEEEErr rrrr e et e e e e e e e r el
TTATGCGTACTACCTGCTGTTGTTTATTCARCATGTACTGTACCCACTATGRATARCGCT 169647

ARATTAACGTCTACCGARARACATCGTTTAATGATARACAGRAAAGTTACATTTACATGTGAT 122

RN N N N N NN NN
AARRTTAACGTCTACCGRRACATCGTTTAATGATARACAGRRAGTTACATTTACATGTGAT 169707

TCGEGATATTATTCTTTGGATCCARATCGCTGTCTGCGARACAGATARATCCARATACGAR 182

IIIIIIIIIIIIIIIII\II\IIIIIIIIIIIIIIIIIIIII\II\IIIIIIIIIIIIII
GATATTATTCTTTGGATCCARATECTGTCTGCGARACAGATARATGGARATACGEE 169767

AATCCATGTAAGRRARTGTGTACAGTTTCTGATTATGTCTCTGRACTATATGATARACCE 242

FERETREEEr e e e e e e e e e e e e e e e e e e el
AATCCATGTARGARAATGTGTACAGTTTCTGATTATGTCTCTGRACTATATGATARACCE 169827

CTATACGRAGTGAATECC 260

FTTLETErrrrrrrnrtl
CTATACGRAGTGRATGECC 169845

Fig. 7. Initial BLAST analysis of CMLV B5R ortholog. The sequence obtained was 99%
homologous to known CMLY sequence M-96 form Asia
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Moo 1 2F438165.1] B Camelpox virus M-%¢ from Kazakhstan, complete genoms
Length=20571%

Features in this part of subject segquence:
putative IMV membrane fusion protein

Score = 426 bits (472), Expect = 2e-116

Identities = 245/250 (98%), Gaps = 2/250 (0%)

Strand=Plus/Minus
Query 3 CTTGCATT-—-CAGCAACTGAATTTTTCTCTACAAAGGCTGCTAAARAGCCAGAGGCTARA 60

AN N N N N RN NN N NN
sbijct 142564 CTTGCAATTCCAGCAACTGAATTTTTCTCTACAAAGGCTGCTAAARRAGCCAGAGGCTAAR 142505

Query &1 CGCGAAGCAATTATTAAAGCCGATGCAGACGACAATGAGGARACTCTCARACARCGGCTA 120

PEPTREE e P e e e e e e e e e e r e e r el
sbijct 142504 CGCGRAGCAATTATTAAAGCCGATGGAGACGACAATGAGGARACTCTCARACARCGGCTA 142445

Query 121 ACTAATTTGGaaaa2aaaaTTACTAATGTAACAACAAAGTTTGAACAARTAGAARAGTET 180

PEETE TR r e e e e e e e e e b e e e e e e e
sbict 142444 ACTAACTTGGARAAARMAATTACTAATGTAACAACARAGTTTGAACAAATAGARAAGTGT 142385

Query 181 TGCAAACGCAACGATGAAGTCCTCTTTAGGTTGGARAATCACGCCGAAACTCTAAGAGCE 240

PETREEE e e e v e e e e e e p e e e e
sbijct 142384 TGCARACGCAACGATGAAGTCCTATTTAGGTTGGAARATCACGCCGAARCTCTAAGAGCGE 142325

Query 241 GCTATGATAT 250
FTTTErrnl
Sbject 142324 GCTATGATAT 142315

Fig. 8: Initial BLAST analysis of CMLV A27L ortholog. The sequence obtained was 98%
homologous to known CMLY sequence M-96 form Asia

).;bl.‘—‘.FalSilE&.l\ Camelpox virus M-96 from Kazakhstan, complete genome
Length=20571%

Sort alignments for this subject seguence by:
E value 3co Percent identity
Query stert pesiticn Subject start pcsition

Features in this part of subject sequence:
ATI quent

Score = 715 bits (792), Expect = 0.0
Tdentities = 398/399 (99%), Gaps = 0/399 {0%)
Strand=Flua/Flus

fuery 1 TCCAATTCACGTTCGARTGRETTACCTCCGIAGTITITACTAGCGATTTTACGTTCCARE 60
PECTRLLEEEEE LT T LTI
Sbjet 138152 TCCARTTCACGTTCGARTGGRITACCICCGCAGTITTTACTAGCGATITTACGITCCAGE 13221l

Query &l TCACGITCAGCCTICATGCGICTCTCCCTICTCTATCGAGTTTATCAGAGCAGICTIITIG 12
PEVPRLPEEEEEE PP PP PP LR PP EE T T
Sbjct 138212 TCACRTTCAGCCITCATGCGICTCTCCCICTCTATCGAGTITATCAGAGCAGICTIIITG 132271

Query 121 AAGGCGATCGARCTCCRTARATTICTCCAACTCTITGATTGITICCCTITARCCTATITR 180
PECTRLEEECEEEE TP L LT

Sbjct 138272 AAGGCGATCGRACTCCRTARATTICTCCARCTCTITGATTGITICCCITTARCCTATITRE 138331

Query 18 CCTCCTCAGRAGRTGTICCGTTACCATTGCATTTACACTCRTTRAGTIGTICTRTCARGAT 240
FEVTRLEEEEE TV ETEL R L L T T T

Sbjct 138332 CCTCCICAGAAGATGITCCGITACCGITGCGITTACACTCRITRAGITGICTAICARGAT 138391

fuery 241 CCATGRTICTATCTCTARGACGTTGCATTTCTITCCRTATCAGCATIGCTITCATARTTE 300
PEVTRLLEECEEEEE PP PR L T LI

Sbjct 138392 CCRTGATICTATCTCTAAGACGTIGCATTICTITCCGIATCAGCATIGCTITCATARITRE 133451

Query 301 CGTCTGCAGTCACTCARCTGTCTTTCARGATCTGAGATTCTATCTCTARGACCTCGCATC 360
PEVTRLEEECEEEEEE T DT EL P LTI

Sbjet 138452 CATCTGCRGICACTCARTTGICTITCAAGATCTGAGATTCTATCTCTARGACGICGCATC 132511

Query 36l CICTCTGITICGGCATIGRICTCATTATTIACGICTACE 399
PECPRLLEECEEE L PEEEEEE T T ErT
Sbjct 138312 TCTCICTGRITICGSCATTIGGICTCATTATTACGICTACE 138530

Fig. 9: Initial BLAST analysis of CMLV ATIP. The sequence obtained was 99% homologous
to known CMLV sequence M-96 form Asia
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DISCUSSION

Poxviridae is a very large family of dsDINA-containing viruses that infect mammals, birds and
insects. Eleven genera are recognized, eight of which infect vertebrates and three of which infect
invertebrates. Viruses that infect vertebrates are classified in the subfamily Chordopoxvirinae
{Carter et al., 2005). Potentially pathogenic orthopoxviruses, including feral versions of vaccina
virus vaccine, persist in nature and re-emerge for reasons we do not fully understand. CMLVY is
the most closely related to Variola virus (VARV), sharing all genes involved in basic replicative
functions and the majority of genes involved in other host-related functions (Gubser and
Smith, 2002).

Although, CMLV has been known for millennia in the Arabian peninsula, no real attempts
have been made to characterize this virus. On record, only State Research Center of Virology and
Biotechnology Vector, Koltsove, Novosibirsk Region, former Russia and National Center for
Infectious Diseases, Centers for Disease Control and Prevention, Atlanta, GA, USA, have ever
attempted to extremely limited sequencing attempts of early isolates from the region (GenBank Ace,
numbers U87839, GU937751.1, AY9022B51.1, AY315878.1, AY102984.1, Y299082.1 and
AFBTE082.1). Apparently, their work was for biological war-fare purposes during the cold-war era.

This attempt for the molecular characterization of Al-Hassa 1solate of CMLV was initiated by
the possibility that this isclate may be suitable for production of a highly efficient local vaccine, The
camel herd from which this virus was isolated had mild skin lesions and did not. show the severe
generalized form of CMLP that had infected camel herds less than 2 Km away. This meant that the
low virulence strain can be used in vaccine-based control programs. This slow- spreading mild strain
of the virus has probably been circulating for decades (Abu Elzein ef al., 1999).

Rapid confirmation of OPV outbreaks in frontier posts and quarantine facilities 1s an essential
component of national and regional preparedness plans. PCR-based diagnosis has proven superior
to other techniques in terms of sensitivity and speed (Mercer ef al., 2007). Skin lesions are
considered the best source of specimens for laboratory diagnosis of poxvirus infections (OIE, 2009).

We have used a new extraction technique, the FNES technique developed in our lab, to produce
DNA for this molecular characterization experiment. The PCR amplicons reported for CAMP ATIP
gene using the primers used in this study was 881 bp (Mever et al., 1994; Ali ef al., 2009) indicating
that the technoclogy 1s valid for molecular epidemiclogical investigations and well as simple
diagnostic reactions.

The PCR experiments have also characterized the amplification reactions for a multi-gene FCR
panel that can be used for characterize viruses isolated from outbreaks in the region and arcund
the world. This panel was instrumental in the discovery of serious contaminants in one of the
animal vacecines.

Preliminary sequence analysis of the PCR products obtained from the CMLV ortholog genes
demonstrated that Al-Hassa isolate was indeed highly similar to the Asian Kazakhestan isolate
{Afonso et ¢l., 2002),

To our knowledge, this 1s the first attempt to probe a region that is almost 89000 bp of the
enzootic CMLV.
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