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sequences, but almost identical to each other.

Wildlife, Zoonosis

Background: The zoonotic Orf virus (ORFV; genus Parapoxvirus, Poxviridae family) occurs worldwide and is transmit-
ted between sheep and goats, wildlife and man. Archived tissue samples from 16 Alaskan wildlife cases, representing
mountain goat (Oreamnos americanus, n = 8), Dall's sheep (Ovis dalli dalli, n = 3), muskox (Ovibos moschatus, n = 3),
Sitka black-tailed deer (Odocoileus hemionus sitkensis, n = 1) and caribou (Rangifer tarandus granti,n = 1), were analyzed.

Results: Clinical signs and pathology were most severe in mountain goats, affecting most mucocutaneous regions,
including palpebrae, nares, lips, anus, prepuce or vulva, as well as coronary bands. The proliferative masses were solid
and nodular, covered by dark friable crusts. For Dall’s sheep lambs and juveniles, the gross lesions were similar to
those of mountain goats, but not as extensive. The muskoxen displayed ulcerative lesions on the legs. The caribou
had two ulcerative lesions on the upper lip, as well as lesions on the distal part of the legs, around the main and dew
claws. A large hairless spherical mass, with the characteristics of a fioroma, was sampled from a Sitka black-tailed deer,
which did not show proliferative lesions typical of an ORFV infection. Polymerase chain reaction analyses for B2L, GiF,
viL-10 and ATl demonstrated ORFV specific DNA in all cases. Sequences from Dall’s sheep formed a separate cluster,
comparable to ORFV from domestic sheep. Sequences from the other species were different from the Dall’s sheep

Conclusions: This is the first major investigation of parapoxvirus infections in large Alaskan game species, and the first
report of parapoxvirus infection in caribou and Sitka black-tailed deer. This study shows that most of the wild ruminant
species in Alaska and from most parts of Alaska, can carry and be affected by ORFV. These findings call for attention to
transmission of ORFV from wildlife to livestock and to hunters, subsistence harvesters, and wildlife biologists.
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Background

Orf virus (ORFV) is the type species of the genus Para-
poxvirus of the Poxviridae family, which also includes
Bovine papular stomatitis virus, Pseudocowpox virus
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and Parapoxvirus of red deer in New Zealand [1]. ORFV
is distributed worldwide with domestic sheep and goats,
causing contagious ecthyma (CE) (syn. contagious pustu-
lar dermatitis, scabby mouth). ORFV produce lesions in
the skin and at muco-cutaneous interface at the muzzle,
lips, eyelids, anus, prepuce or vulva, and teats as well as
in the oral mucosa, such as the tongue and the gingiva,
especially associated with erupting teeth [2]. CE typically
starts with a macule at the port of entry, progressing to
a papule and pustule. Since ORFV express the proteins
homologous to endothelial growth factor and vascular
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permeability factor, both being angiogenesis regulators
[3], such lesions becomes highly vascularized and pro-
liferative (“cauliflower-like”) and are easily exposed to
trauma and bleeding, followed by secondary bacterial
infections. Chronic CE lesions are thus often presented
as masses covered by thick crusts (skin) or as prolifera-
tive masses (mucosa). Histological changes are present
in the epithelium as ballooning degeneration, reticular
degeneration, marked epidermal proliferation and epi-
dermal micro-abscesses [4].

CE, often referred to as “contagious ecthyma-like”
when lacking a virological confirmation, has been
reported in many free ranging animal species [5], such
as semi-domesticated reindeer (Rangifer tarandus taran-
dus) [6-8], captive and wild muskoxen (Ovibos moscha-
tus) [9-11], and red deer (Cervus elaphus) [12, 13].

In Alaska, CE has been described in the domestic sheep
and goats, as well as in wild Dall’s sheep (Ovis dalli dalli),
mountain goat (Oreamnos americanus) and muskox [9,
14]. Severe outbreaks have also been reported in Alaskan
captive muskox [15], and it has been shown experimen-
tally that also moose (Alces alces) and caribou (Rangifer
tarandus) calves are susceptible to infection with ORFV
isolated from sheep [9].

Since ORFV is zoonotic, these infections represent an
occupational hazard for people handling affected ani-
mals, such as veterinarians, sheep herders, hunters and
game managers [16—18]. In the scientific literature, one
human case has been reported from Alaska, with ORFV
transmitted from a mountain goat [19]. ORFV is prob-
ably one of the most common poxvirus infection in
humans, causing lesions mainly on fingers and hands.
In most patients, a single papule appears which may
develop into a large vesicle or bulla, sometimes being
hemorrhagic, with a black appearance. The condition can
be associated with by local lymphadenopathy and mild
fever and is usually mildly painful, but ORFV infections
may also become generalized and severe, especially in
immunocompromised persons [20]. Humans are infected
through direct contact with infected animals, including
wildlife [16, 19]. ORFV infection is well known among
farmers and the disease is listed as one that people of the
Arctic should be aware of through contact with infected
game species [21].

A large number of game is harvested in Alaska each
year, by indigenous people as part of their tradition
and culture, and by local and non-resident hunters. In
2015, 15,554 Sitka black-tailed deer, 4332 caribou, 256
muskoxen, 528 mountain goats, and 11 Dall’s sheep were
reported harvested in Alaska [22], indicating that people,
to a substantial degree, are in close contact with these
large game species.
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The aims of this study were to verify the preliminary CE
diagnoses in 16 wildlife cases by identifying the causative
virus. We also wanted to characterize this zoonotic dis-
ease in wild ruminant game species in Alaska, and con-
duct a phylogenetic comparison of the circulating viruses
with known reference viruses of the Parapoxvirus genus.

Methods

Clinical cases and sampling

Fifteen animals (Table 1) that during the period 2002-
2012 were hunted, reported dead or euthanized for
animal welfare reasons were subjected to our investiga-
tions. They had lesions in the mucocutaneous interface
and/or on coronary bands consistent with or suspicious
of CE. One additional animal (Sitka black-tailed deer)
had lesions consistent with a fibroma, although CE was
mentioned as a differential diagnosis in the necropsy
report. The geographical location of the clinical cases is
depicted in Fig. 1. The animals were subjected to field
dressing, and whole carcasses or body parts were sent to
Alaska Department of Fish and Game, Fairbanks, Alaska,
for diagnostic investigations. Tissue samples from gross
lesions were obtained during necropsies, using aseptic
techniques and stored in Whirl Pac (Nasco, Medesto CA,
USA) or cryogenic vials at — 20 °C or colder. A subset of
these frozen tissue samples (20 mg each) was obtained
from three different areas from each case, from areas
showing gross pathological changes consistent with CE,
using aseptic techniques to avoid contamination between
samples. These subsamples were subjected to further
virological investigations. Additional tissue sections were
preserved in 10% neutral buffered formalin.

Histopathology

Formalin fixed tissues were processed routinely, and par-
affin-embedded sections were cut to 5 um, and stained
with hematoxylin and eosin at Histology Consulting Ser-
vices Inc. (Everson, WA, USA).

Polymerase chain reaction (PCR) and sequencing

DNA was extracted (Alaska Dept. of Fish and Game,
USA) from the tissue samples using QIAamp® DNA Mini
Kit (QIAGEN, Hilden, Germany), with an average output
of 94 pug/mL (29-253 pg/mL). Four different PCR proto-
cols were performed (UiT-Arctic University of Norway)
as specified in Table 2. Extracted DNA from tissue from
a sheep with CE and verified ORFV infection was used as
positive control. Deionized and filtered water was used as
a negative control.

The PCRs were run in a DNA Thermal Cycler PE9700
(PerkinElmer Norge AS, Kristiansand, Norway). The
PPP 1 and PPP 4 primers targeting the B2L gene [23,
25], assumed to be able to detect all parapoxviruses, are
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Table 1 Alaskan ruminants (case 1-16) with contagious ecthyma: accession numbers in GenBank, biological data, geo-
graphical origin and type of sample investigated for parapoxvirus (see text for pathological findings and Fig. 1 for geo-

graphical origin)

Accession no.
GenBank?

Case

Animal species

Animal ID

Sex

Age

Date of death

Origin (GMU®)

Skin/mucosa
investigated

1 KJ944487
KMO057386
KM098076
KY702590

2 KJ944499
KM057383
KM098072
KY702586

3 KJ944496
KMO057391
KM098081
KY702595

4 KJ944491
KMO057382
KM098071
KY702585

5 KJ944497
KMO057381
KM098070
KY702584

6 KJ944494
KMO057384
KM098073
KY702587

7 KJ944501
KMO057380
KM098069
KY702589

8 KJ44495
KMO057385
KM098075
KY702583

9 KJ944490
KMO057379
KM098074
KY702588

10 KJ944489
KMO057393
KM098083
KY702597

11 KJ944488
KMO057387
KMO098077
KY702591

12 KJ944500
KMO057388
KM098078
KY702592

13 KJ944493
KM057389
KM098079
KY702593

14 KJ944498
KMO057392
KM098082
KY702596

Mountain goat

Mountain goat

Mountain goat

Mountain goat

Mountain goat

Mountain goat

Mountain goat

Mountain goat

Dall’s sheep

Dall's sheep

Dall's sheep

Muskox

Muskox

Muskox

2009-008

2006-029

2011-018

2005-167

2005-064

2006-217

2008-136

1-29-02

2007-156

2011-106

2010-009

2010-049

2010-147

2011-041

NA

Adult

10 months

4 year

1 year

Subadult

6 months

2 months

2 months

Lamb

5 year

Adult

Adult

25 Feb 2009

18 March 2006

6 Feb 2011

2 Oct 2005

1 Dec 2001

28 Nov 2006

27 Jul 2007

28 Jul 2011

March 2010

24 April 2010

18 Oct 2010

4 Oct 2011

Mount Juneau (1C)

Mount Juneau (1C)

Haines (1D)

Sun Dial Lake Ketchikan

(1A)

Juneau (10)

Mount Juneau (1C)

Not specified (1C)

Not specified (1C)

Black Mountain (13D)

Carpenter Creek (14A)

Dry Creek (20A)

Sagwon River (26B)

Kivalina (23)

Safety Sound Nome (22C)

Nostril, lower lip

Lips, eyelids, ear

Eyelid, lip, nares

Lip, nares

Eye lid, neck

Nares, lips, ear

Not specified

Not specified

Lesion on the lip

Leg, face, chin

Hooves/coronary

band

Nares

Nares, interdigital

space

Hooves/coronary
band




Tryland et al. Acta Vet Scand (2018) 60:12

Table 1 continued

Page 4 of 11

Case Accessionno. Animalspecies  AnimallD Sex Age
GenBank®

Date of death Origin (GMUP) Skin/mucosa
investigated

15 KJ944492 Sitka black-tailed ~ 2011-005 F Adult
KM057390 deer
KM098080
KY702594

12 Sep 2010 Uyak Bay, Kodiak (8) Perineum

16 KT821472 Caribou 2012-137 F T4 months 6 Aug 2012 Admiralty Bay/Barrow (26A)  Front legs, upper

KMO057394
KM098084
KY702598

lip

2 Given for the genes B2L, GM-CFS IL 2 gene (GIF), the putative interleukin 10 gene (vIL10), and A type inclusion (ATI), respectively

b GMU: Game Management Unit, Alaska
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Fig. 1 Map of Alaska showing the geographical distribution of the animal species and the location and numbers of the examined cases of conta-
gious ecthyma in mountain goat (Oreamnos americanus), Dall’s sheep (Ovis dalli dalli), muskox (Ovibos moschatus), caribou (Rangifer tarandus granti)
and Sitka black-tailed deer (Odocoileus hemionus sitkensis) (see Table 1 for identification of each case to game management unit; GMU)

based on the B2L gene sequence of the ORFV strain NZ2,
which encode a homologue of the vaccinia virus major
envelope antigen p37K gene [24]. The GIF gene encodes
a protein that inhibits the granulocyte—macrophage-col-
ony-stimulating factor (GM-CSF) and interleukin-2 and
is found only in parapoxviruses, where it represents an

important virulence factor [26]. Amplification of parts of
the GIF gene may thus be useful for detection and virus
species differentiation of parapoxviruses, since varia-
tion in this gene exists between different parapoxviruses
[25, 27]. The viral interleukin 10 orthologue (vIL-10) [28]
needs to have a close similarity to the interleukin-10 of
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Table 2 PCRs targeting four different gene regions were used to amplify parapoxvirus-specific DNA from tissue samples
obtained from 16 clinical cases of contagious ecthyma in five species of Alaskan ruminants (2001-2012)

Acronym Primers

Product (bp) References

Gene

Putative viral envelope antigen B2L

Granulocyte—macrophage-colony-stimulating factor (GM- GIF
CSF)/interleukin-2 inhibition factor

Viral interleukin 10 orthologue vIL-10

A-type inclusion ATl

PPP-1 — 5’-gtc gtc cac gag cag ct-3/ 594 [23-25]
PPP-4 — 5'-tac gtg gga agc gcc tcg ct-3

GIF 5 — 5’-gct cta gga aag atg gcg tg-3’ 408 [26,27]
GIF 6 — 5’-gta ctc ctg gct gaa gag cg-3/

vIL-10-3 — 5’-atg cta ctc aca cag tcg ctc c-3' 300 [25,28,29]
vIL-10-4 — 5'-tat gtc gaa ctc gct cat ggc -3/

ATIF — 5-agc cac agc act ttc gta cat-3’ 604

ATIR — 5’-cgc gtt tgt gtt cgt tgg at-3')

the host for effective virus replication. PCR targeting this
gene may be useful for genus affiliation, and nucleotide
sequencing of the PCR amplicon suitable for virus char-
acterization [25]. A-type inclusion bodies (ATIs) are
large, well-defined proteinaceous bodies that develop
late in the viral replication cycle in cells infected with
certain poxviruses. The gene encoding the ATI protein
homologue in parapoxviruses has been identified at posi-
tion 107356—108252 of the complete ORFV genome. To
identify suitable primers we analyzed six full genome
sequences of ORFV published in GenBank (AY386263.1,
AY386264.1, HM133903.1, DQ184476.1, KP010354.1,
KF234407.1). Alignment was done by LAGAN software
[30] and Primer-BLAST [31] to identify specific primers.
The reaction mixture and cycling profile was conducted
as described for the B2L PCR [25], with a Tm of 60 °C.
PCR products were separated by electrophoresis in a
1.2% agarose gel containing 0.005% ethidium bromide,
with a separation time of 1.5 h at 6.5 V/cm. Unused
dNTP and primers were enzymatically removed from the
generated PCR products (ExoSAP—ITTM; Amersham Phar-
macia Biotech, Sweden), followed by the sequencing pro-
tocol for the BigDye® Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, Norway) [25]. The sequence was
determined with the Applied Biosystems 3130x] Genetic
Analyzers (Applied Biosystems, Warrington, UK).

Phylogenetic analysis

The evolutionary history for the B2L, GIF, vIL-10 and
ATI genes was inferred by using the Maximum Likeli-
hood method based on the Tamura 3-parameter model
and Gamma-distribution [32]. Initial tree(s) for the heu-
ristic search were obtained automatically by applying
Neighbor-Join and BioN]J algorithms to a matrix of pair-
wise distances estimated using the Maximum Compos-
ite Likelihood (MCL) approach, and then selecting the
topology with superior log likelihood value. The tree with
the highest log likelihood is shown. Phylogeny was tested
by Bootstrap method with 1000 bootstrap replications.

Trees were drawn to scale, with branch lengths measured
in the number of substitutions per site. Codon positions
included were 1st 4+ 2nd + 3rd + Noncoding. All posi-
tions containing gaps and missing data were eliminated,
leaving a total of 470 nucleotides for B2L, 268 nucleotides
for GIF, 214 for vIL-10 and 548 for ATI in the final data-
set. Evolutionary analyses were conducted in MEGA7
[33].

Results

Gross pathology and histopathology

In mountain goats, most mucocutaneous regions were
affected, including nares, lips, palpebrae, anus, prepuce
or vulva as well as coronary bands with lesions extend-
ing proximally. In some cases, the pinnae were also
involved with masses that nearly obliterated the nor-
mal anatomy (Fig. 2). The masses were solid and prolif-
erative, covered by dark friable crusts, which on section
showed mottled tan and white tissues with pockets and

Fig. 2 Contagious ecthyma in a mountain goat (Oreamnos ameri-
canus) having massive proliferative lesions over the muzzle, eyes and
ears: case no. 6
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draining tracts of purulent exudate. When perineum was
involved, the proliferative masses coalesced and the vagi-
nal and anal orifices were obliterated. Resolving lesions
around the palpebrae and lips presented with edematous,
pink to red skin, denuded of hair. Fusobacterium necro-
phorum was most often isolated when bacterial cultures
were attempted. Histopathology was consistent with
those seen in domestic sheep with CE [4], characterized
by ulcerative and proliferative dermatitis (Fig. 3a) with
marked acanthosis, hyperkeratosis, hydropic degenera-
tion of the stratum spinosum, formation of subcorneal
vesicles and microabscesses, keratohyalin granule clump-
ing and rare small, intracytoplasmic eosinophilic inclu-
sion bodies (Fig. 3b). In some tissues, colonies of mixed
bacterial species were seen, with massive influxes of neu-
trophils and development of granulation tissue.

B ’,w;’\

Ryt

: : e e (RS,
Fig. 3 Photomicrograph of contagious ecthyma lesions in a moun-
tain goat, case no. 6. a Section of the lip with ulcerative and prolifera-
tive dermatitis with marked acanthosis, hyperkeratosis, hydropic
degeneration of the stratum spinosum, formation of subcorneal
vesicles (arrow) and microabscesses below the stratum corneum,
and heavy colonization with mixed bacteria (asterisk) (Obj. x 10). b
Pale intracytoplasmic inclusion bodies (arrow) could be identified in
stratum spinosum and granulosum (Obj. x 100)

-
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For lambs and juveniles of Dall’s sheep, the gross lesions
were similar to those described for mountain goats, but
not as extensive and the ears were not typically involved.
Adult sheep had crusted, proliferative lesions covered by
thick crusts around the mouth, similar to what is typi-
cal in domestic sheep, as well as, in some cases, at the
coronary bands and occasionally in the inguinal region.
One young lamb had mildly proliferative lesions ori-
ented around the hooves at the coronary band as well as
on the skin below the dew claws (Fig. 4). Histologically,
the appearance was typical of parapoxvirus infections as
described above for mountain goats, but with faint intra-
cytoplasmic inclusions in only few sections, whereas bac-
terial colonization of the crusts was common.

For one of the muskox cases, a 5 years old male killed
by predators, only the feet and head were available, the
latter presenting a ‘roughening’ of the skin of the external
nares. For the second muskox case, an adult female, only
partial and partly autolyzed remains were available for
examination, demonstrating multifocal lesions around
the nares consistent with erosions or ulcers. There was
a whitish, proliferative mass in the interdigital space,
which was the source of the sample included in this
study (Table 1, case no. 9). On histopathology there was
a prominent layer of vacuolated keratinocytes in the stra-
tum corneum, and multiloculated vesicles and pustules.
Much of the surface of the stratum corneum was eroded,
roughened and had affixed foreign material, and cross
sections of nematode larvae and bacteria. In the submu-
cosa, mild chronic inflammation was present.

From the caribou case, a hunter harvested, yearling,
female, only the lower front legs were submitted for

| \Uw\“w\\\ THTTIIT i\

e 2. 3 4 5 G g 9 10 11 120 18 e IS
Fig. 4 Contagious ecthyma in a young Dall's sheep (Ovis dalli dalli)
with mildly proliferative lesions and secondary bacterial infections,

mainly restricted to the coronary bands and the skin below the dew

claws: case no. 11
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examination. However, the hunter reported an animal
in poor body condition, with lymphadenopathy and one
large (25 x 20 mm) and one smaller (5 x 6 mm) ulcerative
lesion on the upper lip (Fig. 5a). On the left leg there was
a 20 x 5 mm ulcer behind the heel of the lateral claw and
another 15 x 9 mm ulcer above the dew claw (Fig. 5b). The
leg demonstrated decreased bone and muscle mass and
had overgrown dew claws consistent with disuse atrophy.
On the right leg, there was a large ulcer (30 x 30 mm) near
the heel, and an extensive deep ulcer (58 x 54 mm) on the
lateral claw. The foot was enlarged at phalanx 1 and 2 due
to extensive fibrous proliferation of the subcutaneous tis-
sue. There was purulent exudate in the deep subcutaneous
tissues and tendon sheaths from which Trueperella pyo-
genes was isolated by culture. Histopathology, conducted
on previously frozen tissue, revealed changes typical of a
chronic ulcer with focal areas denuded of epidermis, bor-
dered by a broad zone of epidermal hyperplasia and hyper-
keratosis as well as surrounding and underlying inflamed
granulation tissue. Epithelium adjacent to the ulcers were
colonized by coccobacilli and segmented fungal hyphae.

Fig.5 Contagious ecthyma in a caribou (Rangifer tarandus granti)
with a ulcerative lesions in the muco-cutaneous interface of the
upper lip and b the plantar side of the hooves/coronary bands and
carpal joints: case no. 16
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The deep dermis had multifocal, perivascular to diffuse
infiltration of lymphocytes and plasma cells. In the areas
of tendon and tendon sheaths, there was loss of synovium
and accumulation of fibrin, neutrophils, macrophages and
mixed bacteria with chronic active inflammation extend-
ing into surrounding connective tissue.

The Sitka black-tailed deer tissue was obtained from
a hunter-harvested adult female from Kodiak Island.
The hunter submitted a large hairless spherical mass
14 x 14.2 x 9.5 cm weighing 959 g that was covered with
dark skin and had been located just to the right of the base
of the tail. A similar subcutaneous 9 x 7.5 x 6 cm mass
weighing 176 g was present left of the base of the tail. On
cut section, the tissue was firm, white, and fibrous. His-
tology revealed that the mass was covered by an epithe-
lium with mild acanthosis, hyperkeratosis and cystic hair
follicles (Additional file 1a), and was composed of inter-
weaving bundles of collagen with a minimum number of
nuclei, consistent with a fibroma (Additional file 1b). The
center of the mass was necrotic and mineralized.

Polymerase chain reaction (PCR)

All the four PCRs, targeting the genes B2L, GIF, vIL10
and AT1, were able to generate amplicons of expected size
from tissue samples from all the three samples from each
case and from all the 16 cases, as well as from the posi-
tive control, visualized by gel electrophoresis (data not
shown). The negative control remained negative through-
out the study.

Phylogenetic analysis
The trees with the highest log likelihood are presented.
The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (1000 repli-
cates) are shown next to the branches. The phylogenetic
analysis of the PCR amplicons from the B2L gene region
(Fig. 6a) of the 16 cases, revealed that they all were ORFV,
grouping them among other ORFV isolates, and distin-
guishing them from other parapoxvirus species. Compar-
ing these 16 sequences with each other (Fig. 6b) revealed
that the Dall’s sheep formed a separate cluster, having the
reference strain of ORFV (NZ2) as its closest neighbor,
whereas sequences obtained from the other species were
identical except for the sequences from the black-tailed
deer, which interestingly was closer to a sequence from
reindeer (R. t. tarandus, Norway) than the caribou and
the other species represented in this study. The GIF and
vIL-10 gene sequences (Fig. 6¢, d) revealed that the Dall’s
sheep again formed a separate cluster, whereas the other
cases and species included in the study had identical
sequences compared to each other, for both genes.

The phylogenetic analysis of the sequences generated
from the ATI gene region showed no diversity between
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KJ944501 ORFV Mountain Goat 1-28-02

a KJ944499 ORFV Mountain Goat 2006-029
KJ944497 ORFV Mountain Goat 2005-064
KJ944496 ORFV Mountain Goat 2011018
KJ944495 ORFV Mountain Goat 2008-136
KJ944434 ORFV Mountain Goat 2006-217
KJ344491 ORFV Mountain Goat 2005-167
KJ344487 ORFV Mountain Goat 2009-008
KJ344500 ORFV Muskox2010-049
KJ944433 ORFV Muskox2010-147
KJ944498 ORFV Muskox2011-041

94| | KTB21472 ORFV Caribou 2012-137

|- KF985228 ORFV Udga-12 Israel Sheep 2012

KJ844492 ORFV Sitka black tailed deer 2011-005

JX485978 ORFV Vaccine C Brazil 2012

JN613809 ORFV MT-05 Brazil Sheep 2005

FJ665818 ORFV MT05 Brazi Sheep 2005

AY605968 ORFV No86.10a Norway Sheep 1986

AY605967 ORFV N86.20a Norway Sheep 1986

67 AY605966 ORFV No03.8Rt Norway Reindeer 2003
FJ665819 ORFV NE1 Brazil Goat 2009

&714x968991 ORFV ORF/2011/B2L Korean black Goat 2011

KF985229 ORFV Israel Sheep 2012
KJ944488 ORFV Dall Sheep 2010009
|l kusassss ORFV Dall sheep 2011-106

KJ344490 ORFV Dall Sheep 2007-156
L OVU08671 ORFV NZ-2 clone pVU40 1994
L JNB46834 ORFV Assam/09 India Goat 2009
KF703747 ORFV Xinjang China Goat 2013
KFA78804 Pseudocowpox Virus strain 307 Germany Cattie 2007
GQ390365 Camel contagious ecthyma virus dromedarian camel 2008
KF478802 Pseudocowpox virus strain B00S Germany homo sapiens 2003
AY605970 Pseudocowpox virus Nod3.1 Norway Cattie 1983

KF478806 Bovine papular stomatits virus strain 2/07 Germany Cattie 2007
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Fig. 6 Phylogenetic comparison of the parapoxvirus sequences generated from tissues of mountain goat (Oreamnos americanus), Dall's sheep (Ovis

dalli dalli), muskox (Ovibos moschatus), caribou (Rangifer tarandus granti) and Sitka black-tailed deer (Odocoileus hemionus sitkensis) from Alaska (this

study) with other parapoxvirus sequences (GenBank), including the type strain of ORFV (NZ-2). a Comparison of the 470 nucleotides from the puta-

tive viral envelope gene B2L compared to similar sequences from GenBank, and b with each other, including a reindeer (R. t. tarandus) isolate and

a reference strain. € Comparison of the sequences obtained from the GM-CFS IL 2 gene (GIF). d Comparison of the sequences obtained from the

putative interleukin 10 gene (vIL10) (see Table 1 for reference to sequence identity)

the cases included in this study; i.e. all derived sequences
were identical, with the exception of a positive control
derived from an ORFV infected sheep from Norway
(data not shown).

Discussion

This is the first report on CE among free ranging
ruminants in Alaska with support from virus charac-
terization by sequencing and phylogeny, and the first

documentation of this disease in caribou and Sitka black-
tailed deer.

The diagnosis of CE is often based on clinical and
pathological observations. For the cases included in
this study, these findings generally resembled the ones
that have been described for CE in sheep and goats [4].
However, the findings in mountain goats were particu-
larly severe, characterized by proliferative and well vas-
cularized lesions, which in two cases were fatal, due to
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trauma and severe loss of blood. The lesions seen in Dall’s
sheep were typical and consistent with previous reports
for this species [9] and for domestic sheep, being more
severe in lambs as compared to adults. The lesions in
the muskoxen were subtle and not the cause of mortal-
ity, which is in contrast to a disease outbreak reported in
free-ranging muskoxen in Norway, where 18 calves and
one yearling died or were euthanized due to severe CE
[10]. The Sitka black-tailed deer was unusual with just
two large spherical lesions near the tail that were histo-
logically a fibroma, and the typical parapoxvirus-associ-
ated lesions were not found at histology. Since it occurred
in Kodiak, a geographical region with a mountain goat
population that had been trans-located from southeast
Alaska, a transmission from mountain goats seemed to
be the most likely origin of the virus in that case. How-
ever, the PCR sequences generated for the B2L gene indi-
cated a difference between the Sitka black-tailed deer as
compared to the mountain goat sequences. The caribou
had lesions similar to those that have been reported from
semi-domesticated Eurasian tundra reindeer [7], but was
also severely debilitated from a concomitant tendosyno-
vitis. Although the latter condition appeared to be caused
by a secondary bacterial infection, ORFV was detected
also in these structures by PCR. The caribou occurred
sympatric with muskoxen, and the source of infection
might have been contact with infected muskoxen. There
are no indication that the clinical cases were linked by
transmission or a disease outbreak since the cases were
well separated over space and time. There were six cases
in mountain goats from the same game management unit
(GMU) (1C) but these were diagnosed over 5 different
years (Table 1).

Comparing the PCR amplicons generated by four dif-
ferent PCRs from tissue samples from five different ani-
mal species, separated geographically over most of the
Alaskan land area, and sampled over a time period of
more than a decade (2001-2012) revealed a high degree
of homology. In fact, only ORFV sequences from the
Dall’s sheep formed a separate cluster, whereas ORFV
sequences generated from the clinical cases in the other
ruminant species showed a high degree of homology
(Fig. 6), and thus raise the issue of possible contamina-
tion. Contamination may occur during necropsy, tis-
sue subsampling or during any of the extraction and
PCR steps during the investigation, and may also origi-
nate from PCR amplicons in the laboratory from previ-
ous investigations. In this case, the necropsies were not
conducted simultaneously but during the whole time
period and in two different laboratory buildings. We did
not include a negative control sample (i.e. a tissue sam-
ple known not to contain ORFV) along with the tissue
samples from the clinical cases during the extraction
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step to indicate if inter-sample contamination may have
occurred, but the tissue sub-sampling was conducted
with aseptic techniques to avoid such cross-contamina-
tion. Further, the DNA extractions were conducted in a
different institution (University of Alaska, Fairbanks), and
the analyses were conducted in separate labs for PCR,
post-PCR and sequencing (UiT-Arctic University of Nor-
way), diminishing the risk of contamination of the sam-
ples with PCR products. In addition, and since the PCR
protocols addressing the B2L, GIF and vIL10 genes have
been used at UiT-Arctic University of Norway before,
suggesting a potential risk for laboratory contamination
of PCR amplicons from previously run PCRs, we devel-
oped a new set of PCR primers targeting the ATT gene, a
genomic region that had never been amplified before in
that laboratory. In contrast to the results from the three
other genes, where Dalls’s sheep formed a separate clus-
ter, the ATI PCR generated identical sequences from all
the 16 cases. The fact that the generated sequences from
the B2L, GIF and vIL10 genes identified the Dall’s sheep
as a separate cluster, and that all the sequences were in
fact different from the ORFV isolates and samples we
have hitherto worked with in the laboratory (Fig. 6,
Accession Nos. AY605968, AY605967 and AY605866),
advocated for excluding contamination as an explanation
for the high homology among the generated sequences.

The phylogenetic analysis of the B2L gene region
showed that all the 16 clinical cases included in this study
had ORFV-specific DNA in affected tissues, and that the
samples from Dall’s sheep formed a separate cluster for
all the three genes, B2L, GIF and vILI0. This was, how-
ever, more obvious for the B2L and the GIF genes than
the vIL10 gene, since for the latter (Fig. 6d), the branch
likelihood at the separation point between the Dall’s
sheep and the other cases in this study, was only 47 and
thus weak, suggesting that this separation was likely, but
not significant for this specific region. For the GIF gene
sequences (Fig. 6¢), it was noted that the long branch for
the Dall’s sheep cluster indicated a high amount of base
substitutions within this important immune evading
gene region. Those findings are in accordance with a pre-
vious study where restriction enzyme analysis (Kpnl) dis-
tinguished between two Alaskan isolates obtained from
a Dall’s sheep and a muskox [34]. However, the phylog-
eny presented here demonstrated that the high degree
of homology between the different amplicons generated
from ORFYV for all the four PCRs restricts their value as
epidemiological tools, i.e. to address the source of infec-
tion and contacts between animal populations.

The high degree of genetic conservation found among
the ORFV sequences in this study may seem surprising
but is not unique. In fact, a comparison between the PCR
amplicon sequences generated in this study with a variety
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of similar sequences from ORFV obtained from differ-
ent animal species, time periods and regions of the world
(Fig. 6a), clearly illustrates how conserved these gene
regions are. Similar features have been identified also for
other poxviruses previously. A comparison between a tan-
apoxvirus isolated from a human case in the Tana River
Valley, Kenya, in 1957 (TPV-Kenya) and an isolate from an
infected traveler in the Republic of Congo in 2004 (TPV-
RoC) was conducted [35]. Although isolated 50 years
apart the two genomes were highly conserved, differing at
only 35 of 144,565 nucleotide positions (99.98% identical).
With the results generated by our study, it is suggested to
use sequences from larger and more variable gene regions
to be able to distinguish between most of the ORFV’s cir-
culating in Alaskan wildlife.

In Norway, it has been demonstrated that ORFV has
been transferred from domestic sheep to semi-domes-
ticated reindeer (R. t. tarandus) [7] and muskoxen [10].
In an experimental trial, it was also shown that domestic
sheep were susceptible to oral inoculation of ORFV iso-
lated from reindeer [36]. In Alaska, domestic sheep are
present in areas in which contact could have occurred
with the wild ruminants. It has been speculated that
ORFV has been enzootic in the populations of Dall’s
sheep in Alaska for a long time, and that CE was seen in
muskoxen from the Nunivak Island already in the 1930s
[9]. This study shows that most of the wild ruminant spe-
cies in Alaska can carry and be affected by ORFYV, i.e.
developing CE. These findings are thus relevant for man-
agement purposes, since the ORFV is transmissible to
people as well as to domestic sheep and goats.

CE is an often neglected zoonosis, presumably because
sheep and goat farmers, the main groups at risk world-
wide, are familiar with the disease and do not often seek
medical assistance upon infection. This is also illustrated
in a recent review of zoonotic infections in Alaska, in
which Brucella spp., Toxoplasma gondii, Trichinella spi-
ralis, Giardia spp., Cryptosporidium spp., Echinococcus
spp., rabies virus and Francisella tularensis were listed as
relevant zoonotic infections, but not parapoxvirus infec-
tions [37]. However, in Canada, ORFV is listed among
zoonotic infections relevant for First Nations people in
the Arctic [21].

People at certain risk for ORFV infections are farm-
ers of sheep, goats and captive wildlife, hunters of large
ruminant game species, and game managers, including
veterinarians and diagnostic personnel, and it has been
shown that immunocompromised persons are at special
risk to develop severe disease. To avoid ORFYV infection,
people should be aware of the clinical signs and lesions in
animals, as presented here, and additional caution is war-
ranted when lesions are present to avoid fomite spread of
the virus between animals and people. Personal hygiene
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including wearing gloves, hand washing and proper heat
treatment of potentially contaminated meat and other
animal products for consumption are important prac-
tices to prevent transmission to people.

Conclusions

This study describes pathological findings associated with
CE in large ruminant wildlife species in Alaska, which
was further verified by the presence of ORFV. Sequences
obtained from Dall’s sheep formed a separate cluster, but
PCRs and sequencing in general revealed a high degree
of sequence homology between ORFV from all species
and individuals examined, suggesting that other and
more variable gene regions should be used for epidemio-
logical purposes. Mountain goat, Dall’s sheep, muskox,
caribou and Sitka black-tailed deer all represent popular
game species in Alaska, of which approximately 20,000
were hunted in 2015. Since they can carry and be affected
by ORFY, these findings call for attention to transmission
of ORFV from wildlife to livestock, as well as to hunters,
subsistence harvesters, and wildlife biologists.
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in a mass composed of spindle cells and collagen bundles (Obj. x4); b:
The majority of the mass was composed of interweaving bundles of col-
lagen (arrow) typical of a fibroma (Obj. x 10).

Authors’ contributions

KBB and KAB-H conducted necropsies, prepared samples for further diagnos-
tics, evaluated the histopathology and gave the preliminary diagnosis. MT
subsampled tissues and extracted DNA for molecular analysis. EMB conducted
PCR and sequencing. JK compared DNA sequences and conducted phyloge-
netic analysis. MT drafted the manuscript. All authors contributed to writing
and evaluation of results. All authors read and approved the final manuscript.

Author details

! Department of Arctic and Marine Biology, Arctic Infection Biology, UiT-
Arctic University of Norway, Framstredet 39, 9019 Tromsg, Norway. 2 Alaska
Department of Fish and Game, Division of Wildlife Conservation, 1300 College
Road, Fairbanks, AK 99701, USA. 3 Alaska Veterinary Pathology Services, 23834
The Clearing Drive, Eagle River, AK 99577, USA. # Department of Nursing

and Health Sciences-Vestfold, Faculty of Health and Social Sciences, University
College of Southeast Norway, 3603 Kongsberg, Norway.

Acknowledgements

Thanks to the staff at ADF&G and North Slope Borough Department of Wildlife
Management, and members of the public whom reported and submitted
tissue samples that were further analyzed in this study. Thanks also to Karsten
Hueffer (University of Alaska, Fairbanks) for hospitality and laboratory space
during the preparation of samples, to Jason Herremann and Brian Person for
photographs of the caribou lesions and to Nathan Pamperin (Alaska Depart-
ment of Fish and Game) for preparing the map. The publication charges for
this article have been funded by a grant from the publication fund of UiT-The
Arctic University of Norway.

Competing interests
The authors declare that they have no competing interests.


https://doi.org/10.1186/s13028-018-0366-8

Tryland et al. Acta Vet Scand (2018) 60:12

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate

The motivation for the study was based on the need to verify the diagnoses of

CE in archived tissue samples, and to identify the causative agent, to be able
to address the zoonotic potential. Ethical approval not applicable.

Funding

This work was supported financially by Alaska Department of Fish and Game
(ADF&G), Fairbanks, Alaska, and Norwegian University of Life Sciences (former
Norwegian School of Veterinary Science), Oslo, Norway. The publication
charges for this article have been funded by a grant from the publication fund
of UiT The Arctic University of Norway.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 28 December 2017 Accepted: 7 February 2018
Published online: 21 February 2018

References

1.

Skinner MA, Buller RM, Damon IK, Lefkowitz EJ, McFadden G, Mc Innes
CJ, et al. Poxviridae. In: King AMQ, Adams MJ, Carstens EB, Lefkowitz EJ,
editors. Poxviridae. Virus taxonomy: classification and nomenclature of
viruses: Ninth Report of the International Committee on Taxonomy of
Viruses. San Diego: Elsevier Academic Press; 2012. p. 291-309.

Knowles DP. Poxviridae. In: MacLachlan NJ, Dubovi EJ, editors. Fenner’s
veterinary virology. 4th ed. Amsterdam: Elsevier Academic Press; 2011. p.
151-65.

Ueda N, Inder MK, Wise LM, Fleming SB, Mercer AA. Parapoxvirus of red
deer in New Zealand encodes a variant of viral vascular endothelial
growth factor. Virus Res. 2007;124:50-8.

Kitching RP. Orf. In: Coetzer JAW, Tustin RC, editors. Infectious diseases of
livestock. 2nd ed. Oxford: Oxford University Press; 2004. p. 1282-6.
Robinson AJ, Kerr PJ. Poxvirus infections. In: Williams ES, Baker IK, editors.
Infectious diseases of wild mammals. 3rd ed. Ames: State University Press;
2001. p. 179-201.

Kummeneje K, Krogsrud J. Contagious ecthyma (orf) in reindeer (Rangifer
t. tarandus). Vet Rec. 1979;105:60-1.

Tryland M, Josefsen T, Oksanen A, Aschfalk A. Contagious ecthyma in
Norwegian semi-domesticated reindeer (Rangifer tarandus tarandus). Vet
Rec. 2001;149:394-5.

Tikkanen MK, Mclnnes CJ, Mercer AA, Buttner M, Tuimala J, Hirvela-Koski
V, et al. Recent isolates of parapoxvirus of Finnish reindeer (Rangifer
tarandus tarandus) are closely related to bovine pseudocowpox virus. J
Gen Virol. 2004;85:1413-8.

Zarnke RL, Dieterich RA, Neiland KA, Ranglack G. Serologic and experi-
mental investigations of contagious ecthyma in Alaska. J Wildl Dis.
1983;19:170-4.

Vikeren T, Haugum M, Schulze J, Akerstedt J, Lillehaug A, Tryland M. A
severe outbreak of contagious ecthyma (orf) in a free-ranging musk ox
(Ovibos moschatus) population in Norway. Vet Microbiol. 2008;127:10-20.
Tomaselli M, Dalton C, Duignan PJ, Kutz S, van der Meer F, Kafle P, et al.
Contagious ecthyma, rangiferine brucellosis, and lungworm infection

in a muskox (Ovibos moschatus) from the Canadian Arctic. J Wildl Dis.
2016;52:719-24.

Robinson AJ, Mercer AA. Parapoxvirus of red deer: evidence for its
inclusion as a new member in the genus Parapoxvirus. Virology.
1995,208:812-5.

Scagliarini A, Vaccari F, Turrini F, Bianchi A, Cordioli P, Lavazza A. Parapox-
virus infections of red deer, Italy. Emerg Infect Dis. 2011;17:684-7. https://
doi.org/10.3201/eid1704.101454.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33

34.

35.

36.

37.

Page 11 of 11

. Smith TC, Heimer WE, Foreyt WJ. Contagious ecthyma in an adult Dall’s

sheep (Ovis dalli dalli) in Alaska. J Wildl Dis. 1982;18:111-2.

. Dieterich RA, Spencer GR, Burger D, Gallina AM, Vanderschalie J. Conta-

gious ecthyma in Alaskan musk-oxen and Dall's sheep. J Am Vet Med
Assoc. 1981;179:1140-3.

. Falk ES. Parapoxvirus infections of reindeer and musk ox associated with

unusual human infections. Br J Dermatol. 1978,99:647-54.

. Robinson AJ, Balassu TC. Contagious pustular dermatitis (orf). Vet Bull.

1981;51:771-82.

. Kuhl JT, Huerter CJ, Hashish H. A case of human orf contracted from a

deer. Cutis. 2003;71:288-90.

. Carr RW. A case of orf (ecthyma contagiosum; contagious pustular

dermatitis) contracted by a human from a wild Alaskan mountain goat.
Alaska Med. 1968;10:75-7.

de Vicg de Cumptich M, Snoeck R, Sass U, del MarmolV, Binet H. Orf nod-
ules and immunosuppression: a case report and review of therapeutics.
Rev Med Brux. 2015;36:439-43 (in French).

Anonymous 2011. Food safety for First Nations people of Canada: a
manual for healthy practices. http://dhss.alaska.gov/dph/epi/eph/docu-
ments/fnihbfoodmanual.pdf. Accessed 10 Apr 2017.

Anonymous. 2016. Alaska Department of Fish and Game—hunting
statistics. http://www.adfg.alaska.gov/index.cfm?adfg=hunting.species.
Accessed 15 Jan 2018.

Inoshima Y, Morooka A, Hiroshi S. Detection and diagnosis of parapoxvi-
rus by the polymerase chain reaction. J Virol Methods. 2000;84:201-8.
Sullivan J, Mercer A, Fleming S, Robinson A. Identification and characteri-
sation of an Orf virus homologue of the vaccina virus gene encoding the
major envelope antigen p37K. Virology. 1994,202:968-73.

Klein J, Tryland M. Characterization of parapoxviruses isolated from
Norwegian semi-domesticated reindeer (Rangifer tarandus tarandus). Virol
J.2005;2:79.

Deane D, Mclnnes C, Percival A, Wood A, Thomson J, Lear A, et al. Orf virus
encodes a novel secreted protein inhibitor of granulocyte—-macrophage
colony-stimulating factor and interleukin-2. J Virol. 2000;74:1313-20.
Deane D, Ueda N, Wise LM, Wood AR, Percival A, Jepson C, et al. Conser-
vation and variation of the parapoxvirus GM-CSF-inhibitory factor (GIF)
proteins. J Gen Virol. 2009;90:970-7.

Fleming SB, McCaughan CA, Andrews AE, Nash AD, Mercer A. A
homolog of interleukin-10 is encoded by the poxvirus orf virus. J Virol.
1997,71:4857-61.

Wood AR, McInnes CJ. Transcript mapping of the early genes of Orf virus.
J Gen Virol. 2003;84:2993-8.

Brudno M. An introduction to the Lagan alignment toolkit. Methods Mol
Biol. 2007;395:205-20.

. YeJ, Coulouris G, Zaretskaya |, Cutcutache |, Rozen S, Madden TL.

Primer-BLAST: a tool to design target-specific primers for poly-

merase chain reaction. BMC Bioinform. 2012;13:134. https://doi.
org/10.1186/1471-2105-13-134.

Tamura K. Estimation of the number of nucleotide substitutions when
there are strong transition-transversion and G+C-content biases. Mol
Biol Evol. 1992;,9:678-87.

Kumar S, Stecher G, Peterson D, Tamura K. MEGA-CC: computing core of
molecular evolutionary genetics analysis program for automated and
iterative data analysis. Bioinformatics. 2012;28:2685-6.

Rafii F, Burger D. Comparison of contagious ecthyma virus genomes by
restriction endonucleases. Arch Virol. 1985;84:283-9.

Nazarian SH, Barrett JW, Frace AM, Olsen-Rasmussen M, Khristova M, Sha-
ban M, et al. Comparative genetic analysis of genomic DNA sequences of
two human isolates of Tanapox virus. Virus Res. 2007;129:11-25.

Tryland M, Klein J, Berger T, Josefsen TD, das Neves CG, Oksanen A,

et al. Experimental parapoxvirus infection (contagious ecthyma) in
semi-domesticated reindeer (Rangifer tarandus tarandus). Vet Microbiol.
2013;162:499-506.

Hueffer K, Parkinson AJ, Gerlach R, Berner J. Zoonotic infections in Alaska:
disease prevalence, potential impact of climate change and recom-
mended actions for earlier disease detection, research, prevention and
control. Int J Circumpolar Health. 2013;72. https://doi.org/10.3402/ijch.
v72i0.19562.


https://doi.org/10.3201/eid1704.101454
https://doi.org/10.3201/eid1704.101454
http://dhss.alaska.gov/dph/epi/eph/documents/fnihbfoodmanual.pdf
http://dhss.alaska.gov/dph/epi/eph/documents/fnihbfoodmanual.pdf
http://www.adfg.alaska.gov/index.cfm?adfg=hunting.species
https://doi.org/10.1186/1471-2105-13-134
https://doi.org/10.1186/1471-2105-13-134
https://doi.org/10.3402/ijch.v72i0.19562
https://doi.org/10.3402/ijch.v72i0.19562

	Orf virus infection in Alaskan mountain goats, Dall’s sheep, muskoxen, caribou and Sitka black-tailed deer
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Clinical cases and sampling
	Histopathology
	Polymerase chain reaction (PCR) and sequencing
	Phylogenetic analysis

	Results
	Gross pathology and histopathology
	Polymerase chain reaction (PCR)
	Phylogenetic analysis

	Discussion
	Conclusions
	Authors’ contributions
	References




