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Parapoxvirus papillomatosis in the muskoxen (Ovibos moschatus): Genetical dif-
ferences between the virus causing new outbreak in a vaccinated herd, the vaccine
virus and a local orf virus. Acta vet. scand. 1990, 31, 17-25. - Since 1981 a dome-
sticated muskoxen herd had been successfully vaccinated against papillomatosis
with homogenated, glutaraldehyde inactivated papilloma tissue. In the fall of
1985 a new clinical outbreak of disease occurred, affecting previously infected as
well as vaccinated animals.

The purification of parapox virions directly from papilloma tissue and orf scabs
collected in a local sheep farm was followed by restriction endonuclease analysis
of viral DNA. The morphological identity of purified virus was controlled by elec-
tron microscopy. Comparison of restriction endonuclease digests (10 different en-
zymes) by gel electrophoresis demonstrated that the muskoxen parapoxvirus from
the new outbreak 1985 differed considerably from the 2 other isolates (muskoxen
1981 and local orf). The latter viruses demonstrated a high degree of homology,
but differences were evident after digestion with the enzyme EcoRI. During metri-
zamide gradient purification minor bands containing morphologically intact vi-
rions were isolated in addition to the major fractions. The restriction enzyme di-
gests indicated that the virions of the minor bands differed from those in the major
bands.

Papilloma tissue; orf scabs; virus purification; DNA isolation; rutric-
tions endonuclease analysis.

Introduction

Related parapoxviruses infect and produce
lesions (papilloma or ecthyma) in various
wild and domestic ruminants. Man can be-
come accidentally infected. The virus geno-
me typically consists of a linear, double-
stranded, terminally cross-linked DNA with
molecular  weight 85-90x 10¢ daltons
(Menna et al. 1979, Robinson et al. 1982,
Mercer et al. 1987, Robinson et al. 1987).

Restriction enzyme analysis of parapoxvirus
DNA from various sources and parts of the
world reveals marked heterogeneity, sugge-
sting the co-existence of different strains
within the same area (Robinson et al. 1982,
Wittek et al. 1980, Rafii & Burger 1985). For
orf virus isolates from sheep and goats this
conclusion is supported by cross neutraliza-
tion tests in cell culture (Precausta & Stell-
man 1973, Wittek et al. 1980).
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A virus with typical parapox morphology
causes a sometimes explosively proliferating
papillomatosis in muskoxen (Ovibos mos-
chatus) (Kummeneje & Krogsrud 1978, Ma-
thiesen et al. 1985).

The only captive muskoxen herd in Norway
was haunted by papillomatosis between 1969
and 1981. Some years the majority of new-
born calves succumbed until in 1981 an ef-
fective vaccine was developed. No clinical
cases were observed in the immunized herd
during the years 1982-84, neither were any
symptoms observed among the calves born
during the spring of 1985. The natural histo-
ry of papillomatosis in the muskoxen herd,
the isolation of parapoxvirus and the devel-
opment of an effective vaccine was described
by Mathiesen et al. (1985). Serological stu-
dies indicated close antigenic relationship,
but also differences between the 1981 mu-
skoxen vaccine virus and an orf virus strain
originating in Germany (Traavik et al. unpu-
blished results).

During the fall 1985 a new outbreak of papil-
lomatosis occurred in the muskoxen herd.
Animals that had been previously naturally
infected as well as earlier vaccinated animals
and newly vaccinated calves were affected,
with the exception of 3 pregnant females.
Virus particles were isolated and purified
from muskoxen papilloma tissue harvested
for vaccine production in 1981, from proces-
ses collected during the 1985 outbreak and
from orf scabs originating in a local sheep
farm. In this communication we report the
comparison of the 3 parapoxvirus strains on
the basis of fingerprints obtained after dige-
stion of viral DNA with 12 different restric-
tion endonucleases.

Materials and methods

Virus infected tissue

In 1981 papilloma tissues were taken by sur-
gery from various animals, pooled and used
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for vaccine production (Mathiesen et al.
1985). In 1985 papilloma tissue was taken
from the hooves of a muskoxen calf born the
same year. Orf scabs were collected in a
sheep farm during veterinary treatment.
Scabs were pooled from about 10 animals.
All samples were kept at -70°C until proces-
sing for virus isolation took place.

Purification of virus

Purification was adapted according to the
method used sy Esposito et al. (1978). Tis-
sues were homogenized in TE-buffer (25
mmol/l Tris. HC1, pH 7.6, 10 mmol/]
EDTA) by using a mortar and pestle. The
cell debris was pelleted by centrifugation at
5000 rpm for 10 min. in a Sorvall SS34 rotor.
The supernatants were centrifugated
through a cushion of 4 ml 40% sucrose solu-
tion made in TE-buffer in a Beckman SW 27
rotor at 21 000 rpm for 45 min.

The resulting pellet was resuspended in 1-2
ml TE-buffer and loaded onto a chilled me-
trizamide (Nyegaard & Co. AS, Oslo. Nor-
way) density gradient. Gradients were con-
structed in SW 27 tubes as follows: a 20 ml li-
near gradient of metrizamide (25 to 50%
w/v) in TE-buffer was formed atop a 2 ml
cushion of 50% w/v metrizamide in TE-buf-
fer and chilled to 4°C. Just before the sam-
ple was applied, the gradients were overlaid
with 3 ml of cold 10% dextran (Pharmacia)
in TE-buffer. Virions were centrifugated to
equilibrium at 21 000 rpm for 18 hr at 4°Cin
Beckman SW 27 rotor. The virus band was
harvested and diluted 4 times in TE-buffer.
Diluted virus particles were collected by cen-
trifugation through an 8 ml cushion of 40%
(w/v) sucrose in 0.1 x TE-buffer at 21 000
rpm for 34 min in a SW 27 rotor. The pellet
of purified virions was resuspended in a
small volume of cold TE-buffer.
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Electron microscopy

Transmission electron microscopy after ne-
gative staining of purified virions was per-
formed by standard methods. Briefly, 50 pl
purified virus was thoroughly mixed with 50
ul 3% PTA (phosphotungstic acid, pH 6.5).
One to 2 drops of the mixture was applied to
a carbon-coated Formvar copper grid. After
1 min the fluid was retracted, and the grid
was inspected in a JEOL (JEM 1200 EX)
electron microscope.

Protein concentration of purified virions
Protein concentration was measured accor-
ding to the method of Bradford (1976).

Isolation of viral DNA

Purified virions suspended in cold TE-buf-
fer were adjusted to contain 50 pg/ml Pro-
teinase K (Boehringer), 2% N-lauryl sarcosi-
nate (Sigma) and 50 mmol/] 2-mercaptoe-
thanol (Sigma). The mixture was incubated
at 4°C for 30 min and then at 37°C for 4 h.
The mixture was adjusted to contain 1 mol/I
NaCl. The digested virions were extracted
twice with phenol-chloroform and twice
with chloroform (chloroform-isoamylalco-
hol 24:1). The DNA was precipitated at -
20°C by adding 2 volumes of ethanol. The
DNA was pelleted by centrifugation for 30
min at 10000 rpm at 4°C in a Sorvall SS34
rotor. The pellet was vacuumdried and resu-
spended in a small volume of 10 mmol/]
Tris. HCI1, pH 7.5. DNA concentration and
purity was measured with spectrophotome-
ter (type HITACHI 150-20 double seam).

Restriction endonuclease digests

The restriction enzymes Bgll, Cvnl (=M-
stII) and Dral were purchased from Bethes-
da Research laboratories; BglIl and Pstl
Kpnl from Pharmacia; Pvull from Toyobo,
and BamHI, EcoRI, HindIII and Sall were
from Amersham. Enzymes were used as re-

commended by Maniatis et al. (1982). Dige-
stions were incubated for 4-5 h at 37°C. Loa-
ding buffer (6X: 0.25% bromophenolblue,
40% (w/v) sucrose in H,0) was added before
loading on gel. Digestions were run in the
presence of a molecular marker (A/HindIII-
©@X174/Haelll: Pharmacia, range 23 kb -
0.2 kb).

Agarose gel electrophoresis

The DNA fragments generated by restriction
endonuclease cleavage were separated on
0.6% agarose gels (Pharmacia). Electropho-
resis was carried out in a Tris-acetate buffer
(0.04 mol/1 Trisacetate 0.001 mol/l EDTA)
according to Maniatis et al. (1982) and were
visualized under ultraviolet light after stai-
ning with ethidium bromide (0,5 pg/ml) for
45 min. The gels were photographed with
Polaroid Type 55 film.

Results

Purification of virions

Virions from infected tissues were isolaed by
a method adapted from Esposito et al.
(1978). Following preliminary experiments
we decided to use a metrizamide in stead of
sucrose gradients (Joklik 1962) because du-
ring the latter procedure a substantial
amount of virus was lost as large virus aggre-
gates. This was also observed by Esposito et
al. (1978) for orthopox and by Robinson et
al. (1982) for parapox virus.

For sheep- and muskoxen-infected material
(from 1985) 2 virus bands were obtained
after metrizamide density gradient centrifu-
gation. Similar results have been obtained
for orf virus, (Robinson et al. 1982) and vac-
cinia virus (Westwood et al. 1964). A minor
band was located below the main band in the
gradient. By electron microscopy no obvious
morphological differences were observed
between virions from the major and minor
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bands. The protein concentrations of puri-
fied materials are shown in Table 1.

Table 1. Protein concentrations of purified viral
material isolated from the infected muskoxes and
sheep papilloma tissue.

Source of purified Protein concentration

material mg/ml
Muskoxen 1981 230
Muskoxen 1985, minor band 105-167
Muskoxen 1985, major band 148.5-193
Sheep 1985, minor band 385-654
Sheep 1985, major band 131.5-165

b

After purification of virions from muskoxen
papilloma tissue the bands had approxima-
tely the same protein concentration. For
sheep materials, however, the major band
contained about 3-4 times as much protein.
But contaminating tissue proteins might be
present to different degrees.

Electron microscopy of purified virions
Electron microscopy studies of both virions
isolated from muskoxen and sheep have re-
vealed the characteristic ovoid shape for
poxviruses and a size of approximately
160 x 360 mm (results not shown).

123

Figure 1. Gel electrophoresis of viral DNA fragments obtained after restriction endonucleases digests. Lane 1:
muskoxen parapoxvirus DNA from 1981 material; lane 2: muskoxen parapoxvirus DNA from 1985 material,
minor band; lane 3: as in lane 2 but major band fraction; lane 4: viral DNA from sheep material, minor band;
lane 5: as in lane 4 but major band fraction, m: molecular size marker (A-Hind111/@X-174 Haelll). The size of
the fragments of the marker are indicated in kilobases. Gels were run overnight at 25 V. The restriction enzymes
used are: BamHI (a); Bglll (b); Cvnl (c): Pstl (d); Pvull (e); none (f).
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Electrophoretic analysis of restriction endo-

nuclease digests

The electrophoretic migration pattern of en-

donuclease-digested viral DNAs are shown

in Figs. 1-4.

The different enzymes produced patterns

that fitted into the following scheme.

a) Muskoxen parapoxvirus 1981 is identical
with sheep virus, and muskoxen virus
1985 is substantially different.

Such patterns were found with the re-

y

Figure 2. Gel electrophoresis of viral DNA digested with the

striction endonucleases BamHI, BglI (re-
sults not shown), BglII, Cvnl (= Mstll),
Pstl and Pvull. With BamHI digestion
an additional band of more than 23 kb
was found for muskoxen 1985. With
BglII heterology was most obvious for
the middle size fragments (6 kb-2 kb). An
additional DNA fragment of about 5 kb
was present for muskoxen 1986 in the
Bgl II pattern. Cvnl (= Mstll) gave dis-
crepancies in the heavy DNA fragments.

1234886

restriction endonucleases Hindl1l and Sall.

2a: HindlIlI digest. Lane 1: molecular size marker (see legend figure 2); lane 2-6: the order of the samples is the

same as in figure 1.

2b: Sall digest. The order of the samples is the same as in 2a.

Acta vet. scand. vol. 31 no. 1 - 1990



22

b)

U. Moens et al.

After Pstl digestion the most striking dif-
ference was the loss of an approximately
7 kb DNA fragment for muskoxen 1985
(see Fig. 1). Pvull digestion gave analo-
gous results, but here sheep (data not
shown) and muskoxen 1981 shared an ad-
ditional high molecular weight band of
about 9.5 kb.

The patterns for viral DNAs from major
and minor band differ, otherwise the
conclusions are as in a).

This was observed for the restriction en-
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Figure 3. Gel electrophoresis of viral DNA frag-
ments after Dral endonuclease digest. Lane 1:
muskoxen parapoxvirus DNA from 1985 material,
minor band; lane 2: muskoxen parapoxvirus DNA
from 1985 material, major band; lane 3: viral DNA
from sheep material 1985, minor band and lane 4: the
same material but from the major band. Lane : mole-
cular size marker (A-Hindl11/@X174-HaellI).
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donucleases HindIII and Sall. For Hind-
III muskoxen 1985 has an additional
DNA fragment of about 6.5 kb and lacks
a 4.4 kb fragment. Muskoxen 1985 major
band virions demonstrated 2 additional
DNA fragments of about 20 kb.

After Sall digestion, muxkoxen 1981 and
sheep viruses are lacking DNA fragments
in the range 9-11 kb. Muskoxen 1985 mi-
nor band virions lack a heavy size DNA
fragment (about 20 kb) compared with
major band viral DNA. The digests are
shown in Fig. 2.
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Figure 4. Restriction pattern after digestion with
EcoRlI. The order of the samples is in lane 1: musk-
oxen parapoxvirus DNA from 1981 material; lane 2:
muskoxen parapoxvirus DNA from 1985 material,
minor band; lane 3: as in 3 but major band fraction;
lane 4: viral DNA from sheep material, minor band;
lane S: as in 4 but minor band fraction.
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¢) All 3 viruses give identical fingerprints.
This was observed for the enzyme Dral in
spite of the fact that quite a few DNA
fragments were generated after digestion.
This is presented in Fig. 3.

d) The sheep virus is different from the mu-

skoxen isolates, and the latter are identi-
cal.
These patterns were observed after Eco-
RI digestion (Fig. 4). DNA isolated from
sheep virus generated three additional
bands of about 6.5, 12 kb and a very hea-
vy one.

Estimation of the size of the total genome
The DNA fragments generated by restriction
endonuclease cleavage were run on 0.6%
agarose gels in the presence of suitable mole-
cule or weight markers (A DNA-HindIIl/
OX174 DNA-Haelll; Pharmacia). After re-
striction enzyme digestion the sum of viral
DNA fragments amounted to more than
100 000 base pairs, corresponding to a mole-
cular weight of more than 67 x 108 D.

Discussion

The experiments described in this article de-
monstrate considerable differences in the
genomes of parapoxviruses isolated from
muskoxen papillomatosis cases in 1981 and
1985. Although the exact locations of diffe-
ring sequences and the antigenic consequen-
ces of the genetic heterogeneity have not
been established, it seems justified to conclu-
de that a »new« virus caused the papilloma-
tosis outbreak in earlier infected and immu-
nized muskoxens.

The origin of the »new« parapoxvirus is still
uncertain. The muskoxen isolate from 1981
shows a high degree of homology with the
local sheep strain from 1985. Published
sheep and muskoxenparapoxvirus restric-
tion enzyme fingerprints from other parts of
the world (Rafii & Burger 1985, Mercer et al.

1987, Robinson et al. 1987) indicate striking
homologies with both of these isolates.
Two major possibilities seem to exist. A new
local sheep virus strain may have been
brought into the muskoxen herd in 1985. Al-
ternatively, the parapoxvirus may have been
subclinically infecting the immunized herd
and mutating until it could escape the immu-
nological suppression. Work in progress will
address these possibilities.

Virion purification by metrizamide was pre-
ferred in stead of sucrose gradient centrifu-
gation (Joklik 1962). The latter procedure
resulted in a subtantial loss of virus due to
the formation of large aggregates. From
sheep scabs and muskoxen 1985 papilloma
tissue, parapox virions were separated in 2
different bands after metrizamide density
gradient centrifugation. This has also been
observed during purification of other poxvi-
ruses (Robinson et al. 1982, Westwood et al.
1964). The lower (usually minor) band may
contain damaged virions or virions with alte-
red composition in nucleic acid, proteins or
lipids. In this study it was shown that for
muskoxen 1985 virus, the virions of the 2
bands contained DNA with different restric-
tion endonuclease fragment patterns, al-
though this was not detected with all the en-
donucleases used. It will be interesting to test
and compare the infectivity of the virions
from both bands. For the local sheep (orf)
virus no such differences were found with
any enzyme.

The molecular weight of the genomes of the
parapoxviruses described here was estimated
to be more than 67 x 106 D. The theoretical
molecular weight for other parapoxviruses
was calculated to be in the range of 85-
88 x 10¢ D (Robinson et al. 1982, Thomas et
al. 1980, Menna et al. 1979).

The work described in this article was per-
formed with parapoxviruses isolated directly
from naturally infected tissues, while most
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earlier studies were done with cell culture-
propagated virus. This may be an important
consideration given the chance that cell cul-
ture propagation may select members of the
total virus population that are not necessari-
ly the most important pathogenically.

It would be of significant economical im-
portance if a general vaccine against para-
poxviruses, especially orf virus, could be
prepared. The main obstacle in this connec-
tion could be the genetical, and probably al-
so antigenic, heterogenity of virus strains de-
monstrated by this and other studies. Care-
ful dissection and comparison of viral DNA
and expression products is necessary in order
to approach the probability of constant anti-
genic epitopes of biological/protective rele-
vance.
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Sammendrag

Parapox papillomatose i moskus (Ovibus moscha-
tus): Genetiske forskjeller mellom virus som fordr-
saker nytt uttbrudd i vaksinerte dyr, vaksine viruset
og et lokalt orf virus.

Siden 1981 ble en gruppe domestiserte moskusokser
gitt god beskyttelse mot papillomatose gjennom vak-
sinering med et homogenat av glutaraldehyd inakti-
vert papilloma vev. Hosten 1985 skjedde et nytt ut-
brudd av sykdommen som ogsa bererte tidligere infi-
serte og vaksinerte dyr.

Parapoxvirioner renset direkte fra papillomavev og
munnskurv (Ecthyma contagiosum) fra sauer pa et
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lokalt gardsbruk ble brukt til restriksjonsenzymana-
lyse av viralt DNA. Den morfologiske identiteten til
renset virus ble verifisert gjennom elektronmikro-
skopiske undersekelser. Sammenligninger av re-
striksjonsenzym spaltet DNA (10 forskjellige enzy-
mer) separert ved gelelektroforese viste at parapox
virus fra det nye utbruddet i 1985 var klart forskjellig
fra de 2 andre isolatene (moskusokser fra 1981 og

sau). De sistnevnte hadde derimot en hey grad av ho-
mologi, men noen forskjeller kom fram ved spalting
med enzymet EcoRI. Ved metrizamid gradient ren-
sing av virus fra alle 3 isolater ble det i tillegg til ho-
vedfraksjonen isolert morfologiske intakte virus fra
et mindre band. Restriksjonsenzymspalting indikerte
at virus fra de minste bandene var forskjellig fra ho-
vedfraksjonene.
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