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Marion Le Bideau, Jonatas Abrah&o, Philippe Berbis, Bernard La Scola

Zoonotic transmission of parapoxvirus from animals to hu-  with orf virus by contact with sheep and goats during reli
mans has been reported; clinical manifestations are skin le-  gious or cultural practices and during slaughter of animals
VLRQV RQ WKH ¢QJHUV DQG KDQGV DWWy HndFiRfEbRS Wpeak W Be mereHrE§lihBduring the
animals. We report a human infection clinically suspected |35t 3 months of each yed) (Human-to-human infection
as beunghe%thSymadc?ntaglohsun;]. TZe ‘?ﬁ'em’ a et‘>5éyear;olotl is extremely rarel(1,12). Vaccination against orf virus is
woman, had 5 NOAU'es on Ner nands. She reported comact 4y aj1ape for animals, although it does not confer long-term
with a sheep during the Aid-el-Fitr festival in France dur- L . . . .
protective immunity 13). Human infections are relatively

ing 2017. We isolated the parapoxvirus orf virus from these .
nodules by using a nonconventional cell and sequenced ~freduent when populations are exposed to sheep and goats

WKH RUI JHQRPH :H LGHQWL:/HG D QHRScAuparanal disease). Hewsyep qompiate genomes of orf
compared it with genomes of other orf viruses. More re- VIFTUSES are rarely found in pUb'IC databases, which results

search is needed on the genus Parapoxvirus to understand LQ OLPLWHG FRPSDUDWLYH VWXGLHYV
worldwide distribution of and infection by orf virus, espe- Diagnosis of human infections with orf virus is usually
cially transmission between goats and sheep. made by histologic analysis, molecular biology (PCR)-stud

ies, or electron microscopy. At least 11 complete orf virus

Parapoxvirusis a genus of double-stranded DNA vigenomes are available, and at least 19 are available for the

ruses (familyPoxviridae WKDW FRQWDLQ \?ntirng_eOLﬁ’@ragog(\{_ipﬁsLl\lﬁ\@rtheless, a unique orf yirus
yyas sequenced after a human case rep§rdrf virus strain

9). These data are in contrast with those for orthopoxvi

orf virus, bovine papular stomatitis virus, parapoxvirus

red deer, and pseudocowpoxvirus. Recently, a compl h irid in which
genome from a gray seal infected by a parapoxvirus wises (?”Ot ePoxviridaegenus) in w IC .>300 genomes
€ available. One of the reasons for limited availability of

reported and constituted a putative novel virus in this gerﬁ[

- [ i§ that y Bf £ss 5%5@5 are not
(1 =RRQRWLF WUDQVPLVVLRQ RI PaBPNIRIanones is that masy of Hipss M
to humans has been reported in the past few decades;CthéVélble on rﬂost diagnostic laboratories” cell lines)(

ZH LGHQWL¢HG D \HDU RC

main human clinical manifestations are skin lesions on thE Q\j“Q

¢QJHUV DQG KDQGV DIWHU FRGW %8 B APRUES OIS A SRS gesiya diagnosis

Most human cases of infection with parapoxvirus ré’f ecth\yma contagiosum. Qen0m|c nd electron mtcros
ported are caused by orf virug,g,7), but some human FRS\ GDWD FRQ¢{UPHG WKH LQLWLDO

infections are caused by pseudocowpoxvirugs®).(In- RU _I YLU X_V D QG LGHQWL¢HG WKLV YL
fection of small ruminants with orf virus is frequent anaISO isolated this virus on OA3.Ts cells.

widely distributed worldwide. Orf virus disease is also .

known as contagious ecthyma, scabby mouth, sore mOL'J\ﬂ‘"f‘,terlals and Methods

or infectious pustular dermatitis. Humans can be infected )
Case-Patient

$XWKRU D"OLDWLRQV ,QVWLWXW +RVSLWRAGS-psat-8ltl womarb caite 0o Norvh HHospitel(Marseille,

Infection, Marseille, France (J. Andreani, J.Y. Bou Khalil, France) because of 3 nodules on her hands. She reported
S. Mougari, M. Le Bideau, B. La Scola); Centre Hospitalier contact 3 weeks earlier with the carcass of a dead sheep
Universitaire Hopital Nord, Marseille (J. Fongue, L. David, during the Aid-el-Fitr festival (June 25, 2017) in the Bouch

P. Berbis); Universidade Federal de Minas Gerais, Belo Horizonte, ~ es-du-Rhones Department in southern France. Clinically,
Brazil (J. Abrah&o) she had 3 painless, well-delimited erythematosus nodules

DOI: https://doi.org/10.3201/eid2512.181513 RQ KHU ¢(¢QJHUV ZLWK DQ HUVWKHPD\
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JRU YLUXV SURGXFWLRQ ZHZSUHSD
&RUQLQJ KWWSV ZZZ FRUQLQJ FRP
FHOOV DQG 'XOEHFFRYV PRGL,HG (D

JLVKHU 6FLHQWL¢F SOXV IHWDO E
glutamine. We then incubated the cells, and when they
UHDFKHG D FRQAXHQFH RI RI FRQA

the medium and inoculated the monolayer with 5 mL of
virus suspension at a multiplicity of infection of 0.01. We
LQFXEDWHG WKH ADVNV DW f& IRU
‘H WKHQ DGGHG P/ RI 'XOEHFRFRTV F
GLXP WR WKH ADVNV DQG LQFXEDWHC
third day, we discarded the supernatant, washed the cell
PRQROD\HU WLPHV ZLWK SKRVSKDW
removed the monolayer by using a scraper. Once all the
ADVNV ZHUH VFUDSHG DQG ZDVKHG W
transferred all contents to a 50-mL tube and kept the tube
on ice.
We then centrifuged the cells at 50 for 10 min, re
moved the supernatant, resuspended the pellet in 10 mL of
VWHULOH O\VLV EXyHU PPRRRO 7U0LM D
PPRO / .&0 S+ DQG LQFXEDWHC
for 10 min on ice. We performed mechanical lysis by us
E DQRgy # stéritd Wothe¥r\U&/Ate: 88 'éitles on ice). In parallel,
ZH (OWHUHG WKH HQWLUH Wp8HU QD W I
YLQ\OLGHQH GLAXRULGH PHPEUDQH

the basis of clinical suspicion of ecthyma contagiosum, Wetscher.com) and centrifuged the supernatant. Finally,
REWDLQHG D FXWDQHRXV ELRSV\Wegfded pOned ¢iR25%ESHGRASER!I @m'fj}s@@e{ltﬁifuga
mations by PCR and histologic analysis. Histopathologtii@” tube, and slowly transferred the virus mixture from the
analysis of the skin biopsy specimen showed a modergt©@ WUDWH WR DYRLG PL[LQJ ZLWK WKH
epidermal hyperplasia, spongiform degeneration with vaé QDO VROXWLRQ :H FHQWWUW3HXIHG WK
XRODWHG FHOOV DQG LQADPPDWRWIPW of:éo WREW Hik & il © WRK iy R H QQ4hMs | ©
(Figure 2). The patient was given antiseptic and loca ariff Small aliquots before genome sequencing.
microbial drug therapy (2% fusidic acid cream) to prevent
bacterial superinfection. All skin lesions healed in 3 week&ample Embedding and Cell Preparation
We maintained OA3.Ts cells in culture containing mini
9LUXV '"HWHFWLRQ ,VRODWLRQ DQG H8lfessgrigl megium plus 10% fetal bovine serum. We
We performed a parapoxvirus PCR on the cutaneous bioﬁy%FL_”ated_the cell monolayer with parapoxvirus at a-mul
sample by using primers forwardGGGTGCAGCACGAG tiplicity of infection of 0.01 and incubated. We then-col
GTC-3¢reverse BCGGCGTATTCTTCTCGGACT-3and OHFWHG WKH FRQWHQWYV D Iiyeti2h VFUD
6FAM-5 eGCCTAGGAAGCGCTCCGGCG-8These prim 1 postinfection. _ _
HUV DUH VSHFL¢F IRU WKH % / JHQHW&seEiRe presechl afige)l aipheddipoag gesrribed
membrane protein of parapoxvirus. in Bou Khalil et al. 16). We replaced the Epon resin with
For virus culture, we crushed a biopsy sample adp :KLWH UHVLQ $JDU 6FLHQWL¢F KWV

resuspended it in Hanks’ balanced salt solution (ThernFoR P ,Q EULHI ZH ¢([HG FHOOV 4RU K
JLVKHU 6FLHQWL¢F Kwwsv zzz WHUPRRKHPRRP VRGWKRGDFRGVOD)
LQRFXODWHG / Rl WKLV VDPSOHALMNFWR Py RIpovPRO j VDFFKDUH
YLDO P/ 75$& ERWWOHV 7KHUPRDAR&WPP WH HHWYKHQFRRVW ([HG FHO!
taining 1 mL of OA3.Ts testes cells frabvis ariessheep GLOXWHG LQ PRO / SRWDVVLXP KH]

&5/ $PHULFDQ 7\SH &XOWXUKRRROBRPWXREFDRRGOPWH VROXWLRQ
www.atcc.org) at a concentration off1IFEFHO OV R/ With disglled water, we gradually dehydrated them with
cubated 1 vial at 32°C and 1 vial at 37°C in an atmosph@tt@f'moh then gradually replace_d th_e ethanol with LR white
of 5% CQ and observed daily by inverted microscopy tfSin. We performed polymerization for 24 h at 60°C.
GHWHFW DQ\ SRWHQWLDO F\WR S DWgeKoptaingd, ytraghin, 70-nm sections by using a UC7

Figure 1. 1RGXOHV RQ WKH $ OHIW WKXP
of a 65-year-old woman infected with orf virus during Aid-el-Fitr
festival, France, 2017.
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reagent cartridge and then onto the instrument along with
WKH ARZ FHOO :H SHUIRUPHG DXWR
and paired-end sequencing with dual index reads in a single
A - 39-h run for 2 x 250 bp.
| We obtained total information of 10.2 Gb from
FOXVWHUYV Tanhd@dibqlisheta cladeer
SDVVLQJ TXDOLW\ FRQWURO (OWHU\
2 ters). Within this run, we determined the index represen
Vi S ‘ WDWLRQ IRU WKH SDUDSR[YLUXV WK
1,078,648 paired-end reads according to the read qualities.
We assembled paired-end reads by using the Hybrid
spades progranmi{) and only paired-end strategy in input.
We obtained 1 contig of 132,823 bp with an average eover

DJH RI UHDGV EDVH

Gene Prediction and Analysis
Figure 2. Histopathologic analysis of a skin biopsy specimen We used Prodigal software for gene predictid8).( For
from a 65-year-old woman infected with orf virus during Aid- predicted proteins that had lengths <100 amino acids, we
el-Fitr festival, France, 2017. The specimen shows epidermal used Phyre 2 software to predict the tridimensional fold

hyperplasia with acantolysis and papillomatosis, extensive L . .
hyperkeratosis, spongiform degeneration and vacuolated cells, (19)' For the 130 initial predlcted proteins, we deleted 4

DQG LQADPPDWRU\ LQ;OWUDWLRQ LQ WK HPEHicied \proteinscwth aanermal felds. We performed
histiocytes and lymphocytes. Hematoxylin and eosin stain, original a blastp analysis KWWSV EODVW QFEL Q(
PDJQL¢FDWLRQ [ FJL"3$*( 3UR W HIpeedicted proteins against the
nonredundant database at the National Center for Biotech
XOWUDPLFURWRPH J/HLFD KWWS@ROAZIA Q@ LFODPPWIURY \VWHPYY ZZ2Z
com) and placed the sections onto HR25 300-mesh cpprformed annotation by using delta-blastp resi2@§ (
SHU UKRGLXP JULGV 7%$%$% KWWHBWVGCZRDIVWDPERMEFIXQ YHHVLRQ K\
colored the sections with Reynolds solution. We obtainddtermine average nucleotide values, we compared close
electron micrographs by using a Tecnai G2 transmissiphylogenetic strains by using the OrthoANI algorittah)(
HOHFWURQ PLFURVFRSH )(, KWWB8 Yompardd plétlictde Rteins i UsiyVtheGreciprocal

DwW NH9 DQG XVHG ,PDJH- VR IVieshhit &dhd REAMEMOBtNO sottviraR2) Wit 8@Y4_ddverage,

gov) to determine particle size. 20% identity, and 16 DV DQ ( YDOXH FXWRu
LV DYDLODEOH LQ WKH (0%/ (%, GDW

Genome Sequencing and Assembling ac.uk, accession no. LR594616).

We sequenced genomic DNA of the parapoxvirus by using

OL6HT 7THFKQRORJ\ ,O0O0XPLQD K \®WhWoGevetic Zndlysid OOXPLQD FRP

and the paired-end strategy. We barcoded sequences \&ed performed alignment of 22 complete genomes of

compared them with 19 other genomic projects prepangarapoxviruses with a closely related squirrel poxvirus, by

from Nextera XT DNA Sample Prep Kit (lllumina). Weusing molluscum contagiosum virus as an outgroup. We

TXDQWL,HG JHQRPLF '"1$ E\ XVL QchbmpukeH alightehtevby®ising DMHAB TV@rsior23) (with

WKH +LJK 6HQVLWLYLW\ .LW /LIH fastHeli€r Ran&ahndtidh, akh@uigts Yrogréssike method,

WKHUPR¢{(VKHU FRP DW D FRQFHQWQ® WDRXROIO\ CRQRWURRDSHE DOLJIQ!

pare the paired-end library, we performed a dilution to olvww.megasoftware.net) to delete inverted repeat regions

tain 1 ng of each genome as input to prepare the paired-aodaligned at both ends. We conserved 208,216 positions

library. The tagmentation step (lllumina) fragmented artd build a tree by using the general time-reversible model

WDJJHG WKH '1$ /LPLWHG F\FOH 3i&the PH/BIOVesiBiD3/plog&R4) and Visualized trees

cles) completed the tag adapters and introduced dual-inthgxusing the iTol online progran2%).

EDUFRGHV $IWHU SXUL¢{¢FDWLRQ E\ XVLQJ $03XUH ;3 %YHDGYV
%HFNPDQ &RXOWHU ,QF KWWRegultsZZZ EHFNPDQFRXOWHU

FRP ZH QRUPDOL]JHG WKH OLEUDULHY RQ VSHFL¢{¢F EHDGV DF

cording to the Nextera XT protocol (lllumina). We poole®LUXV ,VRODWLRQ DQG 8OWUDVWUXFW XU

normalized libraries into a single library for sequencThe cutaneous biopsy specimen from the patient was found

ing, then loaded the pooled single-strand library onto th R FRQWDLQ SDUDSR[YLUXV ZKLFK

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 25, No.12, December 2019 2199



RESEARCH

a quantitative PCR. We inoculated this biopsy specim#ére complete genome of orf virus IHUMI-1, we observed
onto OA3.Ts cells, and monitored lysis daily by using amatches with all orf virus genomes, a squirrelpox virus ge

LQYHUWHG PLFURVFRSH :H GHW HrolveHandR RallsBush rovitddidsui wiklE Yénonw (15%

K SRVWLQIHFWLRQ (OHFWURQ P LdowRyRRISVVHRAQIY)Thd @gith Ketvetuthe\orf ge
ence of virions in cells at 24 h after reculture and by ebs€p RPH DQG PROOXVFXP FRQWDJLRVXP Y
vations of ultrathin sections (Figure 3). nt (positions on orf virus IHUMI-1 from 97,602 to 101,032)

HQFRGHV D SUHGLFWHG SURWHLQ HVYV

&KDUDFWHUL]DWLRQ RI 2Ul 9LUXV *H Q&tetiRNA polymerase subunit RPO1BbD2.

We obtained a linear complete genome of 132,823 bp with Focusing on the 126 predicted proteins of virus strain

a guanine cytosine—rich content [&4.4%. This genomeis ,+80, ZH REVHUYHG EHVW KLWV Z]|
the third smallest by length among parapoxviruses, after offorf virus, 1 hit with a hypothetical protein witucor
virus strain NP and seal parapoxvirus (Table). We propasecinelloides(with an E value of 16), and 1 hit withOvis
to name this orf virus strain IHUMI-1. ariessheep, the natural host. The protein showing the best

Genome organization of orthopoxviruses are knownit with O. ariessheep was annotated as the interleukin-10
to be conserved and follow the typical structure with iprecursor. The gene for this protein is found in parapoxvi
verted terminal repeat variations and a conserved centred and was probably acquired from mammals and known
core genome33,34). This structure was also suggested fobV D SRWHQWLDO NH\WWRQH SURWHLC
parapoxviruses3b). We investigated synteny by using-curduring the infectious cycl€86-39). Despite the position of

rent complete genome reports. Mauve analysis of 12 caifnis gene at the left start region of genomes of parapoxvi
plete genomes of orf virus enabled us to observe intraspecieses, this protein is highly conserved. The interleukin-10
conservation, except at the ends of some genomes (Apggene of orf virus IHUMI-1 shows 99% nucleotide sequence
GL[ )LIXUH KWWSV ZZZQF FGF idéhtity(withbtbél arF@us strains and 79% with aries
1513-Appl.pdf). Moreover, analysis of synteny blocksheep and witlCapra hircusgoats; the gene showed, as re
across parapoxviruses showed the same typical organizagiorted, numerous synonymous mutations and adaptations
(Appendix Figure 2). By using blast and MEGA analysis dify orf virus 39).

Figure 3. Transmission electron
microscopy of OAT3.T cells infected
with orf virus IHUMI-1 from a 65-year-
old woman in France. A) Ultrathin
section of an OAT3.Ts cell at 24 h
postinfection harboring orf virus strain
IHUMI-1 undergoing its replicative
cycle where dense inclusion bodies
could be clearly seen in the cell
F\WRSODVP % & +LJKHU PDJQLI
of infected cells showing typical
enveloped virions. D) Ultrathin
sections of an OAT3.Ts cell showing
enveloped particles (arrows). Scale
bars indicate 2 um in panel A, 50 nm
in panels B, C, and D.
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Table. Genomic characteristics of parapoxviruses used for analysis of an orf virus isolated from a 65-year-old woman infected during
Aid-el-Fitr, festival, France, 2017

Genome GenBank
Virus length, bp accession no. Source of virus Reference
Orf virus strain PACA France 2017 132,823 LR594616 Hand nodule from human: 2017, This study
France
Orf virus strain OV-1A82 137,241 AY386263.1 Nasal secretion from lamb: 1982, lowa (15)
Orf virus strain NZ2 137,820 DQ184476.1 Sheep: New Zealand (26)
Orf virus strain B029 134,104 KF837136.1 Human: Germany 1996 14)
Orf virus strain OV-HN3/12 136,643 KY053526.1 Sheep: China 2012 (27)
Orf virus strain NA1/11 137,080 KF234407.1 Sheep: China 2011 (27)
Orf virus strain GO 139,866 KP010354.1 Lamb: Fujian, China, 2012 27)
Orf virus strain D1701 134,038 HM133903.1 Sheep: Germany (28)
Orf virus strain SJ1 139,112 KP010356.1 Lamb: Fujian, China, 2012 (27)
Orf virus strain YX 138,231 KP010353.1 Lamb: Fujian, China, 2012 27)
Orf virus strain OV-SA00 139,962 AY386264.1 Goat kid: 2010, Texas (15)
Orf virus strain NP 132,111 KP010355.1 Lamb: Fujian, China, 2011 (27)
Pseudocowpox virus strain VR634 145,289  GQ329670.1 Human after contact with (29)
contaminated cow: 1963, USA
Pseudocowpox virus strain F00.120R 133,169 GQ329669.1 Reindeer: Finland, 2009 (29)
Bovine papular stomatitis virus strain BV-TX09c1 135,072 KM875472.1 Domestic cow: 2009, USA (30)
Bovine papular stomatitis virus strain BV-TX09c15 136,055 KM875470.1 Domestic cow: 2009, USA (30)
Bovine papular stomatitis virus strain BV-TX09c5 135,635 KM875471.1 Domestic cow: 2009, USA (30)
Bovine papular stomatitis virus strain BV-AR02 134,431 AY386265.1 Calf (oral lesions): Arkansas, 2004? (15)
Parapoxvirus red deer/HL953 139,981 KM502564.1 Red deer (tonsil swab): Germany, (31)
2013, subclinical infection
Seal parapoxvirus isolate AFK76s1 127,941 KY382358.2 Gray seal: Poland, 2015 1)
Squirrel poxvirus strain red squirrel UK 148,803 HE601899.1 Red squirrel, UK: 2014, outgroup of (32)

parapoxvirus

9LUXV &OXVWHUV DQG 'LVWULEXWLR Q@enomes of parapoxviruses, which used the maximurm-like
Orthopoxviruses, such as various strains of cowpox Vilu§ LKRRG PHWKRG LGHQWL{HG FOXVW
FLUFXODWH LQ (XURSH DQG F O Xof\HilugedDthhthad B @dinniols &h@Qe¥idr. ¢ THIS regult\ié K
clades and subclade#)X41). Concerning parapoxviruses, asimilar to that of Chi et al.2f) and showed 2 branches
previous study of whole genomes of orf viruses showed thigpending on whether the virus host was a goat or a sheep
clusters exist and depend on whether the host is a goat (fFigure 4). In contrast, analysis by using the OrthoANi al
sheep 27). Our phylogenetic analysis performed on wholgorithm enabled us to separate orf viruses that originated

Figure 4. Maximume-likelihood tree based on complete sequences of orf virus IHUMI-1 from a 65-year-old woman in France (red)

and 22 other viruses belonging to the family Poxviridae. Tree was constructed by using a general time-reversible model with 100

bootstrap replicates. All branches with bootstrap values <70 were collapsed. Numbers along branches are bootstrap values. Blue
LQGLFDWHYVY FKRUGRSR[YLUXVHV WKDW VHUYHG DV RXWJURXSV DQG JUHHQ LQGLFDWH
Parapoxvirus. GenBank accession numbers are provided for reference isolates. Scale bar indicates nucleotide substitutions per site.
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from sheep and those that originated from goats (Figure Bhis deletion has been implied in cell apoptogi445).
7KH RQO\ GLUHUHQFH ZH REVHUYHB YHW KRHDO RYUY YEHRWWMRUWDRQ WKLV J
D1701, which appeared to be an outgroup strain. Nevertbgcle and strain virulencé®).

less, when we used the maximum-likelihood method and
the OrthoANi algorithm, we found that orf virus IHUMI-1Discussion

clustered with orf virus strain B029. These 2 strains wevée determined the complete genome of orf virus strain
human isolates obtained after infection from sheep. IHUMI-1 isolated from a human. This virus is the third
Reciprocal best hit analysis enabled us to observeraallest (by genome length) in the gertezapoxvirus
high degree of conservation across orf virus genomes.TAe genome organization of orf virus IHUMI-1 is extreme
total of 102 proteins composed the core genomes of 12 lgr§imilar in its synteny with those of other orf viruses that
YLUXVHYV DQG ZH GLG QRW GHW HleWwbt baya a@enetitUndegsionl YAnalygisFoRthkeHreditted
nomes of orf virus clusters. All virus proteins known to bgrotein highlights strong protein conservation, except for
essential (e.g., vascular endothelial growth factor, interlehe deletion in the ORF119 gene. The mitochondrial pro
NLQ DQG QXFOHDU IDFW3RU243 teihikcaded ByRHs geberwiHree@ntly described as being
are present in the genome of orf virus strain IHUMI-1. capable of increasing cell apoptosil{5). Despite this

Protein analysis showed an absence of a predictedd GLQJ

RXU REVHUYDWLRQV DQG D S

homolog open reading frame 119 in orf virus IHUMI-LSKHQRW\SLF PRGL¢{FDWLRQ LQ WKH Yl

For his region, Chi et al2{) reported numerous deletionggene deletion4p).

and gap sequences (Appendix Figure 3), especially for 3 Conversely, phylogenetic analysis of the entire virus
strains (NP, SJ1, and IHUMI-1). Coverage was <80% genome showed clustering of orf viruses depending on
that region for strains SJ1 and IHUMI-1, and the gene wige host (sheep or goats). This result was similar to those
almost completely deleted for strain NP (only 24%-coRl SUHYLRXV DQDO\VHV SHUIRUPHG
erage) compared with strain OV-SA00. The consequenmames by Chi et al2{). Some studies did not report simi

for orf virus IHUMI-1 is the deletion of the ORF119 gendar results; however, the phylogenetic trees in those studies

Figure 5. Heatmap representation
of strain proximities across
complete genomes of orf virus
IHUMI-1 from a 65-year-old
woman in France (red) and other
available orf viruses. Because of
the OrthoANi algorithm constraint,
we deleted the complete genome
of orf virus strain GO (GenBank
accession no. KP010354.1) that
clusters with orf virus strain NP
and the complete genome of

orf virus strain OV-HN3/12 (that
clusters with NA1-11). GenBank
accession numbers are provided
for reference isolates. Values
indicate percent similarity

of nucleotides.
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were limited to analysis of a few genes, such as the parti@&l Lederman ER, Green GM, DeGroot HE, Dahl P, Goldman E,
B2L gene 47_49)_ More complete genomes are needed to Greer PW, et al. Progressive ORF virus infection in a patient with |
FRQ:{UP WKLV WUHQG DQG YHULIN WRHUEREYH XD ESHICR 2R DY Ry -

In addition, we observed clustering on the whole genome Hasheminasab SS, Mahmoodi A, Mahmoodi P, Maghsood H. Orf

between the IHUMI-1 and B029 strains of orf virus after
human infection. Further investigations using more -com

YLUXV LQIHFWLRQ LQ KXPDQ HFWK\PD FRQ\
FDVHV LQ WKH :HVW RI ,UDQ 9LUXVGLVHDV

SOHWH JHQRPH VHTXHQFHV PLIKW, EHl BEOL: W EROWUE blaRP H

genetically related strains have the potential capacity to
Cross species barriers.

Numerous strains of parapoxviruses that infect ani
mals are believed to show variable virulence in humans
(e.g., orf strain D1701). However, implication of the host
immune system in the severity of orf virus disease and in its
evolution have been demonstrata)( 10.

Our results highlight the necessity of obtaining more

Drumond BP, Leite JA, et al. Human vaccinia virus and
SVHXGRFRZSR[ YLUXV FR LQIHFWLRQ FOLQ
SK\ORJHQHWLF FKDUDFWHUL]DWLRQ - &OL:
KWWSV GRL RUJ M MFY
2+X]R+OX 7d .Ro %7 .LUGHFL $ 7DQ 07 (YLC
pseudocowpox virus infection from a cattle in Turkey. Virusdisease.

+ KWWSV GRL RUJ \
Malik M, Bharier M, Tahan S, Robinson-Bostom L. Orf acquired
GXULQJ UHOLJLRXV REVHUYDQFH $UFK 'HU
KWWSV GRL RUJ DUFKGHUPDWRO

complete genomes for parapoxviruses and retracing the Turk BG, Senturk B, Dereli T, Yaman B. A rare human-to-

route of infection when humans are infected. Further inves

WLIJDWLRQV RI SDUDSR[YLUXVHV ¥2K§

in isolating and cultivating this fastidious virus by using™
nonconventional cells for diagnostic analysis. However,
recent description of a seal parapoxvirlisWith a high- 13.
quality genome sequence obtained directly from a clinical
sample could bypass the culture problem. In contrast, iso
lating the viral particle will always help to improve clinical

research and future innovations. 14.
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