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Cases of porcine malignant catarrhal fever were analyzed by a combination of identification and quantitation
of ovine gammaherpesvirus 2 DNA in a variety of paraffin-embedded tissues from diseased pigs, serology, and
exclusion of primary porcine gammaherpesviruses. In spite of reduced signal due to fixation and paraffin
embedding, ovine gammaherpesvirus 2 DNA in pig brains exceeded the amounts found in sheep brains by

orders of magnitude.

Malignant catarrhal fever, an often lethal viral infection of
ruminants, is caused by the ovine gammaherpesvirus 2 and is
thought to be transmitted from sheep, which remain unaf-
fected, to other animal species, which succumb to malignant
catarrhal fever (2, 4, 5, 17, 20, 21, 24, 25).

Suspected cases of malignant catarrhal fever in pigs without
identification of the agent have been reported from Italy (19),
Germany (12), Switzerland (23), Norway (3, 22), and Sweden
(10). Only in 1998 was ovine herpesvirus 2 DNA identified for
the first time in tissues from pigs with suspected malignant
catarrhal fever (16). Yet, quantitative aspects and the roles of
phylogenetically related viruses, i.e., porcine lymphotropic her-
pesviruses 1, 2, and 3 (7, 8, 26) or the alcelaphine herpesvirus
1 (agent of the wildebeest-associated form of malignant ca-
tarrhal fever) (17), have not been analyzed. Probably, the dis-
ease is heavily underestimated because the clinical signs as well
as the available diagnostic procedures are not generally known.
A series of recent cases of porcine malignant catarrhal fever in
Switzerland was taken as an opportunity to shed more light on
the diagnosis of this fascinating disease.

In June 2000, on Swiss farm A, where specific-pathogen-free
(1) pigs shared stables and meadows with sheep, gilts showed
symptoms reminiscent of porcine malignant catarrhal fever,
i.e., anorexia, high fever, and neurological symptoms such as
ataxia, tremor, convulsions, and hyperesthesia (17, 20). Two
animals were euthanized in extremis (pig 3 and pig 4). Pig 5,
which survived for a longer time period than its mates, showed
breathing problems, cyanotic ears and snout, and multiple red-
dish spots on the skin. A foul-smelling nasal discharge was
noticed as well as small erosions in the nasal and oral mucosa.
A similar disease had been observed previously (April 1999) on
the same farm and on a second specific-pathogen-free farm,
farm B, in May 1986. Stored samples from such pigs (pig 1,
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1986, farm B; pig 2, 1999, farm A) could be included in this
study.

Histology (Fig. 1) revealed lesions reminiscent of malignant
catarrhal fever. A high-grade nonpurulent meningoencephali-
tis with perivasculitis and mononuclear vasculitis was observed
in the cerebrum and the cerebellum and other organs. Some-
times a few neutrophils or eosinophils were also seen in the
perivascular cuffs. In the lung of pig 5, a catarrhalic broncho-
pneumonia with purulent bronchitis, bronchiolitis, edema,
peribronchitis, and peribronchiolitis with round cell cuffs was
apparent. The nasal mucosa of pig 1 showed purulent inflam-
mation. Disseminated perivascular cuffs, round cell infiltra-
tions, i.e., in the mucosa and submucosa of the skin (pig 3), as
well as vasculitis were seen in the lung, the alimentary tract
(gastritis, colitis), and the kidneys.

Ovine herpesvirus 2 cannot be routinely propagated in cell
culture to corroborate the suspicion of porcine malignant ca-
tarrhal fever. Therefore, DNA was extracted (QlAamp DNA
minikit; Qiagen, Basel, Switzerland) from tissues of the dis-
eased as well as control pigs before being subjected to fluoro-
genic PCR amplification specific for ovine herpesvirus 2 DNA
with essentially the primers, probe, reaction mix, and thermal
cycle conditions described previously (11). After lysis of the
sample in order to reduce viscosity, it was transferred to a
QIAshredder column (Qiagen) and centrifuged at room tem-
perature for 2 min at 16,060 X g. DNA from fresh and paraffin-
embedded ovine tissue was eluted in 100 pl of sterile water.
Paraffin-embedded swine tissue was eluted in 100 .l of sterile
water with 50 g of salmon sperm DNA (Life Technologies
AG, Basel, Switzerland) per ml as carrier DNA to prevent
adhesion of sample DNA to tube walls (13).

Negative controls, originating from eight different farms (C
through J) in five different regions of Switzerland, comprised
19 healthy pigs, ranging in age between 7 months and 4 years,
with an average of 1 year. Six farms (including farm G with pig
8, Table 1) kept specific-pathogen-free pigs, while farms E and
H (pig 7) were under conventional hygienic management.

All of the available samples from four diseased pigs reacted
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FIG. 1. Histology of porcine malignant catarrhal fever (hematoxylin-eosin). (a) Cerebrum, pig 1, showing severe nonpurulent meningoenceph-
alitis. Arrows point to massive accumulations of round cells in the meninges. A, grey matter (cortex cerebri); B, meninges (pia mater). Bar, 500
pm. (b) Cerebellum, pig 2. Arrow points to disseminated round cell infiltration in the meninges, indicating severe nonpurulent meningoenceph-
alitis, although not as severe as in panel a. A, grey matter (cortex cerebri), spanned by white lines; B, white matter (corpus medullare); C, meninges
(pia mater). Bar, 500 wm. (¢) Lung, pig 5. Catarrhalic bronchopneumonia with purulent bronchitis, bronchiolitis, edema, peribronchitis, and
peribronchiolitis with round cell cuffs. Arrow points to an accumulation of round cells in the area of a bronchiolus. A, lumen of bronchiolus; B,
plain muscle cells (lamina muscularis mucosae), emphasized by black lines; C, destroyed alveoli. Bar, 200 pum. (d) Skin, pig 3. Alterations include
hyperkeratosis, ulceration, and perivascular dermatitis with lymphocytes and plasma cells. Arrow points to accumulation of round cells. A,

epidermis; B, cutis; C, subcutis. Bar, 500 pm.

positively by PCR. Yet, ovine herpesvirus 2 DNA concentra-
tions in available tissues from pig 4 ranged around the limit of
detection. Thus, the area within the tissue selected for diag-
nostic analysis may influence the accuracy of the diagnosis.
Four out of five diseased pigs but none of the control pigs
contained high concentrations of ovine herpesvirus 2 DNA in
various tissues (Table 1). Most frequently, viral DNA was
detected in both the cerebrum and the cerebellum of those
animals. Viral DNA was also found in the pharynx and the skin
of one animal (pig 3).

Although no serum samples were available from pigs that
had succumbed to the disease in the previous years, it was of
interest to test by an improved competitive inhibition enzyme-
linked immunosorbent assay (14, 15, 21) whether any of the
diseased animals had raised antibodies against ovine herpesvi-
rus 2. All serum samples from pigs with malignant catarrhal

fever, their healthy penmates, or unrelated control pigs reacted
negatively, with the following exception. Serum from pig 5,
which had been euthanized more than 5 days after clinical
onset of the disease, showed an inhibition of 77% in a 1:5
dilution and a 50% inhibition in a 1:25 dilution. These results
suggested that seroconversion to ovine herpesvirus 2 may be
detected but only in the context of prolonged disease progres-
sion. Therefore, serological analysis may be misleading for the
diagnosis of malignant catarrhal fever in pigs.

To analyze possible contributions of other herpesviruses to
porcine malignant catarrhal fever, samples from the cerebrums
of the five diseased pigs as well as from five controls were
subjected to conventional PCR, and the results were included
in Table 1. The primers for these reactions had been selected
on the basis of published sequences with the following Gen-
Bank accession numbers: AF005370 (alcelaphine herpesvirus
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TABLE 1. Overview of animals, their origin, duration of disease, detection of herpesvirus DNA, and serological results

Duration

Viral DNA (copies per

Animal Farm Date of disease Tissue 25 mg of tissuc) Conventional PCR? Serology
Pig 1 B May 1986 >5 days Cerebrum 144,334 Pan; OV NA
Cerebellum 443,233 ND
Kidney 94,317 ND
Nasal mucosa 10,961 ND
Pig 2 April 1999 ~5 days Cerebrum 172,627 Pan; OV NA
Cerebellum 29,843 ND
Pig 3 June 2000 ~2 days Cerebrum 80,918 Pan; OV Negative
Cerebellum 103,004 ND
Pharynx 18,060,515 ND
Skin 17,268,761 ND
Pig 4 June 2000 ~2 days Cerebrum 4 0 Negative
Cerebellum 0 0
Pig 5 June 2000 >5 days Cerebrum 3,071,006 Pan; OV Positive
Cerebellum 683,662 ND
Spinal cord 622,910 ND
Lung 633,163 ND
Pig 6 A, 4339 Unspec.” Cerebrum 0 Pan PLHV-1/2¢ Negative
Pig 7 H, B-179 Healthy Cerebrum 0 Pan PLHV-3 NA
Pig 8 G, 965-1497 Healthy Cerebellum 0 Pan NA

“ With pan-herpesvirus (pan) or ovine herpesvirus 2 (OV) primers, as shown. ND, not determined; NA, samples not available. Animals presenting only negative

results were not included in the table.
® Unspecific disease signs, not typical for porcine MCF.

¢ Sequence determination of the amplification product identified the virus as porcine lymphotropic herpesvirus 1 (PLHV-1).

1); AF327830 (bovine lymphotropic herpesvirus); AF327831
(ovine herpesvirus 2); AF478169 (porcine lymphotropic her-
pesvirus 1); AY170317 (porcine lymphotropic herpesvirus 2);
AY170316 (porcine lymphotropic herpesvirus 3); and M14336
(pseudorabies virus).

A nested PCR, which amplifies the DNA polymerase of
various herpesviruses (6, 7), revealed seven pan-herpesvirus-
positive samples, three from diseased animals and four from
the controls. Four out of the five samples from diseased ani-
mals were positive in a conventional PCR for ovine herpesvirus
2 DNA (primer 721 sense [5'-ATG CTG CCC TGC CTC ATG
ATA GCC-3'] and primer 721 antisense [5'-CTG TGA ATC
TCG GGG TCG GGT GCT-3']), while the others, including
all of the controls, reacted negatively. This observation may be
important with regard to the possible future use of pigs in
xenotransplantation (18).

Product purification following conventional PCRs and direct
sequencing were done as described before (26). Ovine herpes-
virus 2-positive amplificates revealed ovine herpesvirus 2-spe-
cific sequences. Importantly, none of the ovine herpesvirus
2-positive samples reacted positively in PCRs specific for por-
cine cytomegalovirus (essentially as described in reference 9),
alcelaphine herpesvirus 1 (primer 117 sense [5'-ACC AGG
AGG GTC TTA TCA GAT GGA C-3'] and primer 117 anti-
sense [5'-ATA CAC TGC TAG ATG AGG CAG GTT G-3']),
or bovine lymphotropic herpesvirus (primer 679 sense [5'-GCT
ACT CCA CCA TGA TAG AGC ACG AC-3'] and primer
679 antisense [5'-AGC TGC TGC TTG TCC AAG ATT GTT
T-3]).

Interestingly, porcine lymphotropic herpesvirus DNA was
detected for the first time in the brains of two healthy Swiss
control animals, one originating from a specific-pathogen-free
farm and the second from a conventional farm. Brain tissue
from ovine herpesvirus 2-negative pig 6 was positive for por-
cine lymphotropic herpesvirus 1 and 2 (primer 747 sense [5'-

CAY GGT AGT ATT TAT TCA GAC A-3'] and primer 747
antisense [5'-GAT ATC CTG GTA CAT TGG AAA G-3')),
while pig 7 was positive for porcine lymphotropic herpesvirus 3
(primer 886 sense [5'-CAA GAT TGC TGA GAC GGT GAC
TAC-3'] and primer 886 antisense [5'-AAA TGG CAT GGT
TAC ATC TTT AGG-3')).

These results confirmed that the diseased pigs from farms A
and B had been infected with ovine herpesvirus 2 but not with
other gammaherpesviruses. Therefore, ovine herpesvirus 2 has
to be considered a porcine pathogen that does not normally
circulate among pigs.

The quantities of viral DNA in the different organs (25 mg,
deparaffinized) were determined by using a standard plasmid
method (11), and the results were consistent with the likeli-
hood that the disease symptoms had been caused by ovine
herpesvirus 2.

Since paraffin had to be removed from the samples prior to
amplification and fresh samples from diseased pigs were un-
available, concern emerged over quantitation of ovine herpes-
virus 2 DNA in formalin-fixed and paraffin-embedded tissue of
the historic cases. Therefore, a comparison of the quantitative
detection of ovine herpesvirus 2 DNA in either fresh or par-
affin-embedded sheep tissues was performed. Twelve different
tissues, which were available from a previous study (11a), i.e.,
epididymis, vesicular gland, testis, spinal cord, pars dissemi-
nata of prostate gland, palatine tonsil, urinary bladder, ampulla
of deferent duct, pituitary gland, rhombencephalon, trigeminal
ganglion, and cerebrum, were analyzed.

A net loss of the DNA quantity amounting to more than one
order of magnitude compared to fresh tissue was observed in
paraffin-embedded tissues (data not shown). The least losses
(one order of magnitude) were observed in the pituitary gland
and the cerebrum, the highest in the epididymis (two orders of
magnitude). These results suggested that ovine herpesvirus 2
DNA may be detected in paraffin-embedded tissue but that the
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TABLE 2. Comparison of viral DNA load in the cerebrum of
different animal species

Ovine herpesvirus 2 (no. of copies/25 mg)
Species and

animal no. Fresh Embedded
samples” samples

Pig 1 NA 144,334
Pig 2 NA 172,627
Pig 3 NA 80,918
Pig 4 NA 4
Pig 5 NA 3,071,006
Sheep 1 0 0
Sheep 2 276 0
Sheep 3 4,348 0
Sheep 4 273 0
Sheep 5 149 382
Cattle 1 833,559 NA

Cattle 2 274,808 NA

Cattle 3 NA 7,288
Cattle 4 NA 54,868

“NA, not available.

sensitivity was below that for fresh tissue. Therefore, negative
results with this technique have to be interpreted with caution.
The cerebrum seemed best suited for quantitative analysis of
ovine herpesvirus 2 DNA in paraffin-embedded tissue.

In view of the loss of sensitivity caused by analyzing paraffin-
embedded tissues, the amounts of ovine herpesvirus 2 DNA in
the paraffin-embedded brain tissue from malignant catarrhal
fever-diseased pigs were surprisingly high, although within the
same range as those in either fresh or paraffin-embedded brain
tissue of cattle with malignant catarrhal fever (Table 2). In
contrast, available sheep brains, representative of an animal
species that does not succumb to malignant catarrhal fever,
contained low copy numbers of ovine herpesvirus 2 DNA,
ranging from not detectable to 4,348 copies per 25 mg of tissue.
The number of ovine herpesvirus 2 DNA copies measured in
brains of cattle with malignant catarrhal fever exceeded the
number found in sheep brains 4- to 27-fold in the case of
paraffin-embedded organs and 140- to 400-fold in the case of
fresh samples. The pig brains contained even higher amounts
of ovine herpesvirus 2 DNA, exceeding the amounts found in
sheep brains in a range from 40-fold to 1,500-fold.

These results suggest that the observed neurologic symp-
toms correlate to the viral loads in the brains of affected ani-
mals. There was one pig (pig 4) that presented only small
amounts of ovine herpesvirus 2 DNA in its available brain
tissue (4.84 copies per 25 mg), but the sample possibly did not
represent the area with maximal viral load.

The amount of viral DNA measured in the different porcine
tissues varied by orders of magnitude. The highest values were
detected in the pharynx and in the skin of pig 3. However,
ovine herpesvirus 2 DNA was also detected in the nasal mu-
cosa and the lungs of other animals, which gave rise to the
question of whether ovine herpesvirus 2 may be excreted by
affected animals.

In the present report, the previous, unfortunately ill-recog-
nized literature concerning the occurrence of porcine malig-
nant catarrhal fever was confirmed (3, 10, 22, 23), and our
knowledge of porcine malignant catarrhal fever is extended in
this article. The evidence is based on a combination of identi-
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fication and quantitation of ovine herpesvirus 2 DNA in a
variety of tissues from diseased pigs and on the exclusion of
primary porcine gammaherpesviruses.
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