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ABSTRACT:  Pathologic lesions were summarized in 18 free-ranging cervids (15 moose [Alces
alces], two roe deer [Capreolus capreolus], and one red deer [Cervus elaphus]) diagnosed with
malignant catarrhal fever (MCF) after examination at the National Veterinary Institute, Oslo
1982-2005. Eye lesions (conjunctivitis, corneal opacity, fibrin clots in the anterior eye chamber)
were the most frequent gross finding. Erosive-ulcerative mucosal lesions in the nose and mouth
were also commonly found. Histopathology revealed a nonpurulent vasculitis and perivasculitis in
the central nervous system (CNS) typical of MCF in 16 of the cases. The diagnosis in the remaining
two animals was based upon histologic eye lesions consistent with MCF (CNS not available for
examination). Polymerase chain reaction was run on samples from 15 individuals for evidence of
MCF-virus DNA, and ovine herpesvirus-2 (OvHV-2) DNA was detected in five moose, one roe
deer, and one red deer, and caprine herpesvirus-2 (CpHV-2) DNA was detected in two moose and
one roe deer. Sera from 1,000 free-ranging cervids were tested for specific antibodies to MCF-
associated viruses (MCFV) by competitive inhibition enzyme-linked immunosorbent assay. The
seroprevalences were: red deer 5%, reindeer (Rangifer tarandus) 4%, roe deer 2%, and moose
0.4% (n=250 for all four species). The results indicate that sheep and goat MCFV may cause
serious disease in wild moose, roe deer, and red deer. The seropositive cervids most likely
represent individuals infected with either OvHV-2 or CpHV-2, but may also reflect infections with
other related MCFV.

Key words: Cervids, CpHV-2, malignant catarrhal fever, moose, OvHV-2, red deer, roe
deer.

INTRODUCTION cluded in this group are the well-known

) alcelaphine herpesvirus 1 (AIHV-1) (Plow-

Malignant catarrhal fever (MCF) is right et al., 1960) and ovine herpesvirus 2

a pansystemic often fatal viral disease (QyIV-2) (Baxter et al., 1993), endemic in
primarily affecting both domestic and wild  \ildebeest (Connochaetes spp.) and do-
ruminants. The disease is characterized by 1 estic sheep, respectively, and two fur-
lymphoproliferation, vasculitis, and ero- ther viruses identified in later years,
sive-ulcerative lesions in the mucosa and caprine herpesvirus 2 (CpHV-2) endemic
skin (Plowright, 1990; Barker et al., 1993; i domestic goats (Li et al., 2001a), and
Heuschele and Reid, 2001). Malignant 4 virus of unknown origin causing MCF in
catarrhal fever is caused by several viruses  white-tailed deer (Odocoileus virginianus)
within a group of closely related ruminant  (MCFV-WTD) (Li et al., 2000; Kleiboeker
rhadinoviruses (Gammaherpesvirinae). et al., 2002). Alcelaphine herpesvirus 1 is
This group currently contains nine mem-  known to cause the classic “African” form
bers, four of which have been found to of MCF, and OvHV-2 causes the sheep-
cause clinical disease (MCF) (Li et al., associated MCF that occurs worldwide in
2003a). The MCF-associated viruses a range of ruminants (Plowright, 1990;
(MCFV) occur endemically in latently Heuschele and Reid, 2001), whereas
infected carrier species that spread in- CpHV-2 has been found to cause disease
fection to MCFV-susceptible species. In- in sika deer (Cervus nippon) (Crawford et
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al., 2002; Keel et al., 2003) and white-
tailed deer (Li et al., 2003b).

Malignant catarrhal fever has been
reported in many species within Cervidae
(Heuschele and Reid, 2001) including all
of the four cervid species that are
prevalent in natural populations in Nor-
way: red deer (Cervus elaphus) (Reid et
al., 1979), moose (Alces alces) (Andersson
1953; Altmann et al., 1973; Williams et al.,
1984; Warsame and Steen 1989; Hiinichen
et al., 1998), roe deer (Capreolus capreo-
lus) (Hinchen and Mannl 1984), and
reindeer (Rangifer tarandus) (Altmann et
al., 1973; Li et al., 1999). However, with
the exception of Warsame and Steen
(1989), reporting MCF in two free-rang-
ing moose from Sweden, all reports
comprise captive animals held in zoos,
wildlife parks, or deer farms. In Norway,
MCF is well known as a sporadic disease
in domestic cattle, and the first case of
MCF in cervids was diagnosed at the
National Veterinary Institute (NVI) in
a free-ranging moose in 1976. Since then,
we have diagnosed another 15 cases in
moose and in later years a few cases in
free-ranging red deer and roe deer. The
diagnoses were based upon pathologic
findings that included the demonstration
of the typical vasculitis and perivasculitis
in the central nervous system (CNS)
(Barker et al., 1993). We have also
experienced two MCF outbreaks in semi-
domesticated reindeer stalled in a sheep
house for research purposes.

Our objectives were 1) to summarize
pathologic lesions seen in free-ranging
Norwegian cervids with the diagnosis
MCF, 2) by means of polymerase chain
reaction (PCR) to identify causative
MCFV in tissues from these cases, and
3) to determine the prevalence of anti-
bodies against MCFV in Norwegian cer-
vids sampled during hunting.

MATERIALS AND METHODS

The study included 18 free-ranging cervids
(15 moose, two roe deer, and one red deer),
which received a histologic based MCF di-
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agnosis after examination at the NVI, Oslo,
during 1982-2005. The total number of
material (carcass, head, or brain) from cervids
submitted to NVI 1982-2005 was 765 (400
moose, 340 roe deer, and 25 red deer).
Detailed information about individual MCF
cases and the materials received for examina-
tion are shown in Table 1 and Figure 1. The
materials comprised four complete carcasses;
most frequently only the head was submitted,
and the CNS was available for examination
from all animals with the exception of two
moose (Table 1: M3 and M9).

Fresh tissue specimens were fixed in 10%
neutral buffered formalin and, along with
field-fixed specimens, embedded in paraffin,
sectioned at 5 um, and stained with hematox-
ylin and eosin (H&E) for histologic examina-
tion (Culling et al., 1985). Standard bacterio-
logic examination on calf blood agar plates was
carried out on the following samples: liver
from six moose and one roe deer, lungs from
four moose and two roe deer, and brain from
two moose. The plates were incubated aero-
bically at 37 C and examined after 2448 hr.

Polymerase chain reaction was run on
paraffin-embedded, formalin-fixed tissues
from 11 of the animals at the Animal Disease
Research Unit, USDA-ARS (Table 2). Thirty-
one formalin-fixed, paraffin-embedded tissue
blocks were examined by both OvHV-2-
specific PCR and CpHV-2-specific PCR.
The DNA from all tissue that was OvHV-2
PCR negative was subjected to amplification
by PCR with degenerate primer targeting
a portion of herpesviral DNA polymerase
gene.

The detailed procedure for DNA extraction
from the formalin-fixed, paraffin-embedded
tissues has been described previously (Craw-
ford et al., 1999). Briefly, five 8-pm-thick
sections were cut from each tissue block (a
new disposable microtome blade was used for
each block). Defined MCF negative deer
tissue blocks were also used for monitoring
contaminations during the sample preparation.
The sections were deparaffinized, washed, and
dried. The samples were then suspended in
lysis buffer. Deoxyribonucleic acid was puri-
fied from sample lysates by phenol/chloroform
extraction and ethanol precipitation. Purified
DNA was then dissolved in water and
quantified by ODggp. The amount of target
DNA used in all PCRs was about 0.5 pg per
reaction, which was reduced from the previous
protocols. The OvHV-2-specific PCR was
based on the primers initially developed by
Baxter et al. (1993), targeting a region of open
reading frame 75, and the detailed procedure
was carried out as described by Li et al. (1995).
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Free-ranging moose (M), roe deer (R), and red deer (D) diagnosed with MCF after pathologic

examination at the National Veterinary Institute, Oslo, Norway, 1982-2005.

Materials received for laboratory examination

Killed or
Animal  Sex Age® Condition Date  found dead  Carcass  Head Other samples
M1 F 7 yr Poor Nov 82  Killed X
M2 M 1yr Poor Jun 83 Killed X
M3 M Calf ? Sep 83 Killed Eyes, liver, skin, penis
M4 M 2.5 yr Moderate Nov 89  Dead X Heart, lungs, liver, kidney
M5 F ad Good Nov 93  Killed X
M6 M 4 yr Poor Dec 93 Killed Brain, eyes, heart, lungsb
M7 F ad Moderate Dec 96  Dead X
M8 M ad Moderate Oct 97 Dead X
M9 F ad Poor May 02 Killed Eyes, liver, kidneyh
M10 M ad Good Jul 03 Dead Spinal cord, heart, lungs,
liver, kidney, small
intestine
MI11 M ad Good Sep 04 Killed X Heart, lungs, liver, kidney
M12 F ad Good Oct 04 Dead Brain, eyes, nose, mouth®
M13 P Calf Good Oct 04 Killed X Spinal cord
Ml14 M ad Poor Apr 05 Killed x¢
M15 F ad Poor Jul 05 Killed X
R1 M 1yr Poor May 00  Dead X
R2 M Calf Good Nov 04  Killed X
D1 F ad Good Nov 01  Killed X

* Individuals with exact age have been age-determined by tooth replacement or examination of annuli in tooth cementum.

ad = adult, yr = year(s).
b All materials were formalin fixed.

¢ Carcass without the gastrointestinal tract.

Methods for both CpHV-2—specific PCR and
degenerate PCR, amplifying a region of
herpesviral DNA polymerase gene (open
reading frame 9), have also been described
previously (Van Devanter et al., 1996; Li et al.,
2001a).

Additionally, frozen, nonfixed tissues from
another four animals were examined by both
OvHV-2—specific PCR and a generic rhadino-
virus PCR at the Section of Virology and
Serology, NVI (Table 3). DNA from the
samples was isolated with DNeasy Tissue kit
(Qiagen Nordic, Oslo, Norway) according to
the manufacturer’s instructions. A single PCR,
specific for OVHV-2, was performed using the
outer primer set (556/755) of the protocol
described by Baxter et al. (1993). The PCR
was performed with the use of HotStar Taq
DNA polymerase (Qiagen), with a final con-
centration of Mg2+ of 1.5 mM. Amplification
consisted of an initial 15-min step at 95 C,
followed by 42 cycles with the following
conditions: 94 C for 50 s, 60 C for 15 s, and
72 C for 60 s. A final elongation step at 72 C
was performed, followed by chilling to 4 C.
Another PCR was performed on the samples,
aimed at detecting a wider range of rhadino-

viruses, using partly degenerated primers
designed in the polymerase gene (RHV-1: 5'-
TGT ACC CCA GCA TYA TCC AGG C, and
RHV-2: 5': TTG ATR GCC AGC TGC TGC
TT). The PCR was performed as above, but
with an annealing temperature of 55 C instead
of 60 C in the cycling conditions. Sequencing
was performed on the purified PCR products,
using the ABI PRISM BigDye Terminator
Cycle Sequencing Ready Reaction kit v3.1
(Applied Biosystems Inc., Foster City, Califor-
nia, USA) according to the manufacturer’s
instructions and analyzed on an ABI PRISM-
Avant Genetic Analyser (Applied Biosystems).
Software used for sequence analysis were
Sequencher version 4.1.4 (Gene Codes Corpo-
ration, Ann Arbor, Michigan, USA, http:/
www.genecodes.com) and Fasta similarity
search (Fasta, European Bioinformatics In-
stitute, Cambridge, UK, http://www.ebi.ac.uk/).

One thousand serum samples, 250 each
from free-ranging moose, red deer, roe deer,
and wild reindeer, were tested for antibodies
against MCFV. Samples were selected among
4,339 sera available at our serum bank for wild
cervids (Vikgren et al., 2004). The majority of
the samples were from adult animals (n=823),
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QO moose
& roe deer

O red deer

Ficure 1. Map of Norway showing the locations of the moose, roe deer, and red deer with malignant
catarrhal fever (MCF), 1982-2005. Green = OvHV-2 infection, red = CpHV-2 infection, yellow = unknown

MCF-virus infection.

whereas 121 were yearlings, 52 were calves,
and four were of unknown age. Additionally,
serum from 16 adult captive red deer kept at
the Norwegian Red Deer Centre at Svangy,
western Norway (61°30'N, 05°05'E) were
examined. This farm also keeps sheep, which
are held on separate grazing lands.

TasLE 2. Results from PCR examination for OvHV-2

The sera were tested for specific antibodies
to MCFV by competitive inhibition enzyme-
linked immunosorbent assay (cELISA) (Li et
al., 2001b). The assay was developed using the
monoclonal antibody (15-A) against an epitope
conserved among all known members of the
MCFV group of ruminant rhadinoviruses.

DNA and CpHV-2 DNA in formalin-fixed, paraffin-

embedded tissues from free-ranging moose (M), roe deer (R), and red deer (D) diagnosed with MCF after

pathologic examination.

Tissues

Animal Brain Eye Lung Heart Liver Kidney Lymph node  Final results
M2 Neg/meg*®  Pos/neg — — — — — OvHV-2
M3 — — — — Pos/neg — — OvHV-2
M4 Neg/neg Neg/meg Neg/meg Neg/meg Neg/meg Neg/neg — Neg

M5 Neg/neg Neg/neg — — — — Neg/neg Neg
M6 Neg/neg Neg/meg Neg/neg Neg/neg — — — Neg

M7 Neg/pos — — — — — — CpHV-2
M8 Neg/neg — Neg/meg Neg/neg Neg/neg — — Neg

M9 — Neg/neg — — Neg/neg Neg/neg — Neg
M10 — — — — — — Pos/neg OvHV-2
R1 Neg/neg — Neg/meg Neg/neg Pos/meg Neg/neg — OvHV-2
D1 — — — — — — Pos/neg OvHV-2

® P()s:positive; neg = negative.
> OvHV-2 DNA/CpHV-2 DNA.

¢ —= not examined.
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Results from PCR examination for OvHV-2 DNA and rhadinovirus DNA in nonfixed, frozen

tissues from free-ranging moose (M), and roe deer (R), diagnosed with MCF after pathologic examination.
Rhadinovirus types were confirmed by sequencing, and are indicated as final results.

Tissues
Animal Lymph node Spleen Brain Final results

M11 Neg/pos™” A -/ CpHV-2

M14 Pos/— Neg/— Pos/— OvHV-2

M15 Pos/— —/— Pos/— OvHV-2

R2 Neg/pos Neg/pos —/— CpHV-2
* Pos=positive; neg = negative.
> OvHV-2 DNA/rhadinovirus DNA.
¢ — = not examined.
These viruses include AIHV-1, AIHV-2, opacity, and small fibrin clots in the

OvHV-2, CpHV-2, the virus of unknown origin
causing MCF in white-tailed deer, and the
MCF viruses carried by musk ox, ibex, and
oryx (Li et al., 2003a). Sera were scored based
on their ability to inhibit binding of 15-A
monoclonal antibody to AIHV-1 antigens pre-
coated onto microtiter plates. Sera that
inhibited binding of the monoclonal antibody
25% greater than or equal to the negative
control sera were considered positive (Li et al.,
2001b).

RESULTS

Clinical signs, seen in animals found
alive, included abnormal behavior, apathy,
incoordination, circling, staggered gait,
convulsions, and impaired vision. Local
veterinary surgeons performed field post-
mortems in eight cases and, in six of them
(moose and red deer), one or more of the
following gross findings were reported:
corneal opacity, fibrin clots in the anterior
eye chamber, erosions in the mouth and
nose, purulent exudates in the respiratory
tract and vagina, moderately enlarged
lymph nodes, hemorrhagic mucosa in the
small intestine, mummified fetuses, and
thickening of the skin around the nose, the
eyes and on the prepuce.

At the laboratory, necropsy of one of the
moose carcasses (M14) revealed alopecia
and moderate crusting dermatitis primar-
ily involving the legs, ears, and ventral
thorax. Lymph nodes of the trunk were
generally enlarged. Both eyes had fibrino-

purulent conjunctivitis, peripheral corneal

anterior chamber (Fig. 2). There was bi-
lateral purulent nasal discharge, and the
mucosa of the nose, pharynx, and trachea
were hyperemic and edematous with
erosions and pseudomembranes. Large
masses of fibrin and pseudomembranes
were found in the bronchi of both lungs.
In the oral cavity, multiple erosions were
seen, particularly on the mucosal surface
of the lips, and small longitudinal erosions
were present in the anterior part of the
esophagus (the gastrointestinal tract had
been removed prior to submission). On
the surface of the kidneys, small grayish
foci were seen. The second moose carcass

FIGURE 2.

Severe fibrinopurulent conjunctivitis
and peripheral corneal opacity in a moose (M14)
with MCF.
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Ficure 3. Vasculitis and perivascular lymphoid
cell infiltrates in the brain of a roe deer (R2) with
MCF (CpHV-2 positive). H&E. Bar = 20 pm.

(MS8) necropsied at the laboratory was
extremely decomposed and no specific
gross lesions were noted. In eight moose
from which the head was submitted, eye
lesions (hyperemic and swollen conjuncti-
vas, corneal opacity and edema, and fibrin
clots in the anterior chamber) were
common f{indings, and less frequently
purulent nasal discharge, erosions in the
nasal mucosa, wet meninges with some
cloudiness in the sulci, and edematous
lymph nodes.

Examination of the red deer head
revealed edematous and diffusely opaque
corneas, which were attached to iris with
an opaque, fibrin-like material. In the oral
cavity, multiple ulcerations were seen on
the tongue and on the tips of the buccal
papillae. Necropsy of the two roe deer
carcasses revealed only nonspecific find-
ings.

In 16 animals, vasculitis and perivascu-
litis characterized by infiltration of pre-
dominantly lymphoid cells, occurred in
the parenchyma and leptomeninges of the
brain and spinal cord (in two moose, M3
and 9, the CNS was not examined). The
vasculitis most often affected the adventi-
tia and media of medium-sized vessels
(Fig. 3). However, infiltration of the whole
vessel wall and obliteration of the lumen
was also seen (Fig. 4). The intima often

Ficure 4. Necrotizing and obliterating vasculitis
in the brain of a moose (M11) with MCF (CpHV-2
positive). The intima shows a marked hypertrophy of
the endothelial cells. H&E. Bar = 20 pm.

showed a marked hypertrophy of the
endothelial cells (Fig. 4). Perivascular
edema and hemorrhages were common,
and some vessels contained thrombi.
Multifocal infiltrations of predominantly
mononuclear cells occurred in the choroid
plexus. Some of the animals also showed
focal degenerative changes in nervous
parenchyma, and gliosis.

Histologic eye lesions were found in the
red deer, one roe deer (R2; R1 was not
examined), and in 11 of 12 moose (no
lesions detected in M11). In the red deer
and moose, lesions were keratitis and
uveitis of variable severity. Corneal lesions
included epithelial hyperplasia and ede-
ma, increased vascularity, and infiltration
of predominantly lymphoid cells in the
stroma (Fig. 5). Not all animals had
prominent keratitis, in some cases corneal
lesions were restricted to moderate mono-
nuclear cell accumulation in the limbus.
The anterior eye chamber frequently
contained fibrin mingled with inflamma-
tory cells, and in some animals the iris was
adherent to cornea. The iris, ciliary body,
filtration angle, limbus, and conjunctiva
showed edema and infiltrates of mono-
nuclear cells to a variable degree. Some of
the moose had vascular and perivascular
mononuclear infiltrations in the retina,
choroid, and sclera. In the roe deer (R2),
eye lesions were confined to moderate
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Severe keratitis in a moose (M6) with
MCF. The corneal stroma shows edema, increased

FIGURE 5.

vascularity, and infiltration by predominantly mono-
nuclear cells. Hyperplasia and some infiltration of
inflammatory cells can be seen in the corneal
epithelium. H&E. Bar = 100 pm.

mononuclear vasculitis and perivasculitis
in iris, choroids, and retina, and edema
and cell infiltration in the limbus.

Histologic lesions found in other organs
included vascular and perivascular infil-
trates of lymphoid cells in the lungs, and
multifocal lymphocytic cell accumulations
in the interstitium of the kidneys and in
the portal triads of the liver. In small
intestine, some sloughing of the villi with
hemorrhages and diffuse infiltration of
inflammatory cells in the lamina propria
were seen in the moose and roe deer.
Lymph nodes had edema and marked
lymphoblastic proliferation in the parafol-
licular cortex and medullary sinuses, with
little development of lymphoid follicles. In
skin (M14), focal infiltrates dominated by
mononuclear cells, were seen in the
epidermis, dermis, and subcutis (perivas-
cular). In some areas, the whole thickness
of the epidermis and the superficial
portion of the dermis were necrotic. In
the epidermis, areas of hyperkeratosis,
parakeratosis, and acanthosis were also
seen.

Bacteriologic examination isolated Es-
cherichia coli in one lung sample and one
liver sample from two different moose,
and in lungs and liver of a roe deer (R2).

803

The remaining samples had growth of an
unidentified mixture of bacteria.

Of 11 animals tested for the presence of
MCFV DNA in formalin-fixed, paraffin-
embedded tissues, three moose, one roe
deer, and one red deer were positive for
OvHV-2 DNA, and one moose was
positive for CpHV-2 DNA (Table 2). No
signal was detected by the degenerate
PCR in any of the tissues examined. Of the
four animals in which PCR were run on
frozen specimens, OvHV-2 DNA was
detected in two moose (Table 3). One
moose and one roe deer were positive in
the generic rhadinovirus PCR, and se-
quence analyses of the PCR products from
these two animals showed that they shared
more than 99.5% nucleotide sequence
identity with known CpHV-2 sequence in
the polymerase gene, indicating that they
were infected with CpHV-2 (Table 3). In
summary, of 15 animals tested, OvHV-2
DNA was detected in five moose, one roe
deer, and one red deer, whereas CpHV-2
DNA was found in two moose and one roe
deer.

Antibodies against MCFV were found
in 13 red deer (5%), nine reindeer (4%),
five roe deer (2%), and one moose (0.4%).
The red deer sera originated from six
municipalities; five in western Norway, in
which the seroprevalence ranged from 4
to 9%, and one in the southeastern part
of the country, where no seropositive red
deer was found among 27 examined. One
(6%) of 16 captive red deer tested was
seropositive.

DISCUSSION

This study confirmed that MCF occurs
as a clinical disease in free-ranging moose,
roe deer, and red deer in Norway. It is
believed to be the first report of this
condition in natural populations of both
roe deer and red deer, as well as of the
identification of causative viruses involved
in MCF in free-ranging European cervids.
The PCR results showed that the disease
may be associated with both OvHV-2 and
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CpHV-2 DNA in moose and roe deer, and
with OvHV-2 DNA in red deer. Evidence
of OvHV-2 infection in red deer by use of
PCR has been reported earlier in two
animals suffering from MCF in a zoo in
Germany (Hénichen et al., 1998). CpHV-2
has been identified as a pathogen for sika
deer (Crawford et al., 2002; Keel et al.,
2003) and white-tailed deer (Li et al.,
2003b) in the USA. We detected CpHV-2
DNA in two moose and one roe deer that
were negative for OvHV-2 DNA. The
CpHV-2 positive animals had prominent
clinical symptoms of MCF seen as abnor-
mal behavior, apathy, and incoordination,
and the histologic lesions in the brain of
these animals was typical of MCF (Figs. 3
and 4). These results strongly indicate that
CpHV-2 may be the cause of MCF in
free-ranging moose and roe deer. Both
a chronic form of MCF with weight loss,
crusting dermatitis, and alopecia, and an
acute form with seizures, have been
described in CpHV-2—infected sika deer
(Crawford et al., 2002; Keel et al., 2003).
In white-tailed deer, CpHV-2 infection
has been associated with a subacute con-
dition, causing alopecia and weight loss (Li
et al., 2003b). In our study, the CpHV-2
positive animals had no (roe deer) or few
gross lesions (moose: moderate erosive
stomatitis/rhinitis), which indicate that
they suffered of an acute form of MCF.
The red deer, two roe deer, and 13 of
the 15 examined moose had nonpurulent
vasculitis and perivasculitis in the CNS
typical of MCF (Barker et al., 1993). In
the remaining two moose, the CNS was
not examined, but both had histologic eye
lesions consistent with MCF. Because few
whole carcasses were examined, the over-
all picture of gross lesions could not be
fully elucidated in this study. Lesions in
the eye and the mucosa of the mouth and
nose seem to be common findings in
moose and red deer suffering from
MCF. The variability in severity and
distribution of the lesions found in in-
dividual moose presumably reflects an
acute or subacute course of disease. No

JOURNAL OF WILDLIFE DISEASES, VOL. 42, NO. 4, OCTOBER 2006

MCEF specific gross lesions were found in
the two roe deer carcasses examined,
indicating a peracute/acute course of
disease. Reid et al. (1986) found that roe
deer inoculated with cells originating from
MCFV-infected red deer developed typi-
cal MCF, but gave no description of the
lesions. The only description of natural
MCF infection in roe deer is given by
Hinichen and Mannl (1984), reporting
MCEF in two fenced roe deer. One of these
had gross lesions similar to those found in
moose and red deer in the present study,
whereas the other roe deer had signs of
catarrhal abomasitis and enteritis. Thus,
there also seems to be individual variation
in roe deer during the course of the
disease, and in the associated lesions.
The PCR results clearly indicated in-
fections of OvHV-2 and CpHV-2 origin in
the cervids in the present study, suggest-
ing both sheep and goat as sources of
infection. The sheep-associated MCF
cases in free—ranging cervids were scat-
tered throughout Norway (Fig. 1). Sheep
farming is common in most parts of the
country (Statistics Norway, 2005) and
sheep and cervids often share pastures in
the woods and mountains during summer.
Goat farming is not so common and far
less widespread: it is mainly located in the
western and northern part of the country
(Statistics Norway, 2005). The three
CpHV-2 positive cervids all came from
municipalities in the eastern part of Nor-
way (Fig. 1), where there are no regis-
tered goat farms. However, the moose is
not a stationary species, and reported
moose might have been infected in areas
distant from the locations in which they
were found. Another explanation might be
that species other than the goat, for
example, the cervid species themselves,
might carry CpHV-2 and be the source of
infection. Li et al. (2003b) found CpHV-2
DNA in peripheral blood leukocytes from
two healthy farmed white-tailed deer,
which indicates a subclinical or latent
infection in these individuals. Persistent
MCFV infection has also been demon-
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strated in cattle and farmed deer with no
evidence of MCF disease, as well as in
recovered cattle (OToole et al., 1997;
Tham, 1997).

The PCR examination of formalin-fixed,
paraffin-embedded tissues failed to dem-
onstrate OvHV-2 and CpHV-2 DNA in
five out of 11 animals tested. The reason
for the failure is not clear. Possible
explanations include: 1) low level of viral
DNA in tissues of affected animal; or 2)
prolonged fixation of the tissues in forma-
lin. It is still not known whether the levels
of OvHV-2 DNA in tissues of affected
cervids are the same as the levels in cattle
or bison; virtually all formalin-fixed, par-
affin-embedded tissue samples from these
species yielded positive signals by PCR,
despite the fact that formalin fixation of
tissues can significantly reduce test sensi-
tivity (Crawford et al., 1999). The PCR
failure to amplify OvHV-2 DNA in for-
malin-fixed tissues from cervids with
suspect clinical MCF has been previously
reported (Hinichen et al., 1998; Li et al.,
1999). Considering that the histologic
lesions in these five moose were in
concordance with those from individuals
found positive for OvHV-2 or CpHV-2
DNA, it seems unlikely that these five are
true negatives, unless the animals were
infected with another so-far-unrecognized
MCF-virus.

A low prevalence (0.4-5%) of seropos-
itive animals to MCFV was found in the
four species examined, with the highest
seroprevalence occurring in red deer.
This result is similar to other serosurveys
in these species (Li et al., 1996; Frolich et
al. 1998; Zarnke et al., 2002). Two of these
studies (Li et al., 1996; Frolich et al., 1998)
used the originally developed cELISA
method (Li et al., 1994) and Zarmke et
al. (2002) used the same improved cE-
LISA method as this study (Li et al,
2001b). The seroprevalences found in wild
reindeer and moose in Norway were
almost identical to those found in these
two species in Alaska (4 and 1%, re-
spectively) (Zarnke et al., 2002). In
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a survey from Germany, no seropositive
animals were found among 253 wild roe
deer and 22 wild red deer tested (Frolich
et al., 1998). A more heterogeneous
picture in prevalence has been found in
North American elk. A prevalence of 9%
was found in a total of 323 free-ranging elk
from five different states in the US, and
the authors reported that there was no
apparent difference in seroprevalence
between the states of origin (Li et al,
1996). Zarnke et al. (2002) found discrep-
ancy in prevalence between two elk
populations in Alaska; one showed 35%
seropositivity amongst 40 tested whilst the
other population had no positive animals
among the 11 examined. We tested red
deer from six municipalities in which the
seroprevalence ranged from 0 to 9%.
Sheep farms are very common in western
Norway where all the seropositive red
deer were found, enabling good opportu-
nities for virus transmission to red deer.

Our serologic findings support the
conclusions of Li et al. (1996) that
a significant number of nonlethal MCFV
infections occur among clinically suscep-
tible cervids. However, the low seroprev-
alence found in moose and roe deer
indicate a more likely lethal outcome of
a MCFYV infection in these two species, as
compared to red deer and reindeer.
Whether the seropositive cervids reflect
a subclinical infection, or represent indi-
viduals that have recovered from clinical
MCEF, is an open question. We found one
seropositive captive red deer, which,
according to the history of the owner, is
not likely to have suffered clinical MCF.
This supports the suggestion that a MCFV
infection can be subclinical in red deer.
An interesting question that needs further
research is whether cervids themselves
may constitute a primary source of MCFV
infection.
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