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Summary. Murine monoclonal antibodies (MAbs) were generated against
phocid herpesviruses (PhHV 2557/Han88 and 7848/Han90) isolated from
European harbour seals (Phoca vitulina), and against strains of both felid (FHV
strain FVR 605) and canid herpesviruses (CHV isolate 5105/Hang&9). MAbs
were characterized with respect to certain biological properties and used to
outline antigenicity profiles of isolates of PhHV (n =8), FHV (n=7) and CHV
(n = 3)in enzyme immunoassays employing fixed infected cells. A close antigenic
relationship between herpesviruses derived from pinnipeds and terrestrial
carnivores became evident: The majority of the MAbs was directed against
epitopes which were expressed by at least two of the viral species tested. A
number of MAbs detected epitopes which were conserved between all 1solates
of PhHV. FHV and CHV. A few MAbs recognized type-specific B-cell epitopes
and facilitated the identification of single viral species. Moreover, the PhHV
isolate 7848/Han90 was antigenically distinguishable both from seven other
phocid herpesvirus isolates and from FHV or CHV. PhHV 7848/Han90 proved
to be antigenically distinct from all other viruses tested when examined by
cross neutralization utilizing various reconvalescent and hyperimmune sera.
Although more data are needed to ensure that PhHV 7848/Han90 indeed 1s a
new genuine seal herpesvirus, the preliminary clustering of two groups of phocid
herpesvirus isolates, tentatively designated PhHV-1 (type 1solate 2557/Hangg¥)
and PhHV-2 (represented by 7848/Han90), seems to be justified. By using
selected MAbs an unambiguous identification and typing of herpesvirus isolates
derived from marine mammals and terrestrial carnivores is significantly

facilitated.

Introduction

Herpesvirus infection associated with pneumonia and focal hepatitis 1In
hospitalized harbour seal pups (Phoca vitulina) have been initially described 1n
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1985 [25]. The so-called phocid herpesviruses (PhHV) were considered
r-herpesviruses [ 29] with respect to their physico-chemical composition, a short
replicative cycle leading to rapid mass destruction of susceptible seal kidney
cell cultures, and an antigenic relationship to both felid and canid herpesviruses
(FHV,CHYV) detected by cross neutralization assay [25].

Since 1985 further herpesviruses were i1solated from a California sea lion
(Zalophus californianus) [ 19] and, more frequently, from harbour seals during
the 1988 European morbillivirus seal mass mortality [10, 26]. Serosurveys
indicated that infections of pinnipeds by PhHV or other closely related
herpesviruses occur frequently and worldwide, including Arctic and Antarctic
seal species [13, 32, 34]. Firm data on the incidence and kind of clinical disease
in free-ranging seal populations due to herpesvirus infections 1s lacking. An
association with respiratory disease and abortion, however, has been suspected
[13, 32].

In the course of a natural infection described by Osterhaus et al. [25] a
mortality rate of about 509, was observed in hospitalized seal pups. Fatal,
natural infections of adult seals associated with high titres of herpesvirus in
central nervous tissues have been reported in cases of concomitant infections
with virulent phocid distemper morbillivirus (PDV) [35]. In contrast, experi-
mental infection of susceptible juvenile harbour seals by the PhHYV i1solate
2501/Han88 resulted in an almost subclinical infection [15]. Apparently, the
symptomatology due to PhHV infections may be variable, depending on the
seal’s age, properties of the virus strain and concomitant infections among other
factors.

Evidence for an immunological relationship between PhHV and felhid as
well as canid herpesviruses is based on data obtained from cross neutralization
experiments [13, 25, 32]. Further attempts to characterize pinniped herpes-
viruses have not been reported.

Monoclonal antibodies (MAbs) proved to be excellent tools both for
taxonomic and diagnostic purposes in various herpesvirus species [6, 7, 11]. In
order to specify the antigenic relationships among recent herpesvirus isolates
of aquatic mammals and terrestrial carnivores, monoclonal antibodies were
raised against two i1solates of PhHV and a strain of both FHV and CHV. Here
we show that the newly established panel of M Abs 1s useful for an unambiguous
typing of isolates. Furthermore, we will provide evidence for the existence of
two types of phocid herpesviruses which can be differentiated with respect to
biological, immunological and epidemiological characteristics.

Materials and methods

Viruses and cells

[solates and strains of PhHV,FHV,CHV and SHV-1 used in this study are summarized
in Table 1. The majority of these isolates has been described earlier [3,4,9, 10, 13,25,27,33].
The PhHV-isolates 2010/Han89 and 7848/Han90 were isolated in primary seal kidney
cultures. Isolate 2010/Han89 originated from lung tissue homogenates of a carcass of an



Antigenicity profiles of phocid herpesviruses 337

Table 1. Origin of herpesviruses

Virus Host Disease Specimen Ref.
PhHV

PBg&4 Ph. vitulina respiratory kidney culture 523]]
PB-6-11/85 Ph. vitulina respiratory lung [125]
2158/Hang8 Ph. vitulina respiratory lung [10]
2160/Hang&8 Ph. vitulina respiratory liver [10]
2501/Hang8&8 Ph. vitulina respiratory lung [10
2557/Hang&8 Ph. vitulina respiratory leucocytes [10]
2010/Han90 Ph. vitulina carcass lung this work
7848 /Han90 Ph. vitulina generalized leucocytes this work
FHV

FVR 605 Felis catus — vaccine strain® [27]

F2 Felis catus - vaccine strain® [3]
FHV/L Panthera leo encephalitis tonsil [33]
6084/ Han90 Felis catus rhinotracheitis pharyng. swab [14]
6887/Han91 Felis catus rhinotracheitis pharyng. swab [14°
299/Han91 Felis catus conjunctivitis conjunct. swab [14°
10499 /HanY 1 Felis catus rhinotracheitis pharyng. swab BLH
CHV

5105/Hang&9 Canis familiaris ~ respiratory lung [173]
[1190/Han91 Canis familiaris® generalized kidney this work
[1361/Han91 Canis familiaris© generalized liver this work
SHV-I

48-1/Han68 Sus domesticus respiratory lung [9]

*Dr. K. Danner, Behringwerke AG, Marburg/Lahn, F.R.G.
Dr. A. Aubert, Virbac Laboratories, Carosse, France
“Newborn whelps

adult seal. Cultivation of peripheral mononuclear blood cells of an adult harbour seal
showing severe respiratory disease yielded isolate 7848/Han90. Both 1solates, like other
phocid herpesviruses, replicated in a clone of CRFK cells [5]. requiring no phase of
adaptation. Canine herpesviruses were isolated in primary canine kidney cell cultures:
5105/Han89 originated from lung tissues of a dog with concomitant distemper virus
infection: CHV 1119/Han91 and 11361/Han91 were isolated from kidney and liver tissues;
respectively, of newborn pups of two different litters which died due to generalized disease.
For further propagation of CHV the canine fibroblast cell line A 72" was employed [2].
Herpesvirus isolates of feline origin were recovered by use of a feline semicontinuous cell
line (cat fetus cells?) or CRFK cells from oropharyngeal or conjunctival swabs of cats with
upper respiratory disease or conjunctivitis [14]. The suid herpesvirus-1 isolate was also

! Kindly donated by Dr. S. Kolbl, Bundesanstalt fiir Virusseuchenbekampfung, Vienna,

Austria.
2 Supplied by Dr. K. Danner, Behringwerke AG, Marburg/Lahn, F.R.G.




338 M. Lebich et al.

grown on CRFK cells. All viruses were subjected to at least three cycles of plaque purification

before further use 1n this study:.

For the preparation of concentrated virion suspensions large scale roller cultures of
CRFK (PhHV,FHV)or A 72 cells (CHV) were harvested when viral cytopathic destruction
was advanced, usually after three days of incubation. Following one freeze/thaw-cycle
cellular debris was removed by centrifugation at 10000 x g (15min, 4 C). Clarfed
supernatants were subjected to ultracentrifugation for 1 h at 85000 x g. The pellets were
resuspended in TNE-bufter (10mM Tris-HCI, pH 7.4 100mM NaCl, I mM EDTA) and
centrifuged through a sucrose cushion (309, w/v in TNE) at 85000 x g for 2h. Virion-
enriched pellets were resuspended in TNE-bufier and repelleted at 85.000 x g for 40 min.
The pellets were reconstituted in 5 x volume of TNE-buffer, aliquoted in 0.2 ml portions
and stored at —80 "C until use.

Monoclonal antibodies

Splenocytes obtained from Balb/c mice which had been hyperimmunized with concentrated
virion suspensions emulsified in equal volumes of Freund’s complete and incomplete
adjuvant, respectively, were fused with cells of the X 63-AG 8.653 myeloma line [17]
according to standard protocols. Hybridoma were grown 1n selective medium [22] to
which as a source of cytokines supernatant of a fetal bovine splenocyte culture stimulated
with Concanavalin A was added to 209, (v/v). The peroxidase-linked antibody assay (PLA)
was used to identify hybridoma colonies secreting antigen-specific antibodies. Concentrates
of MAbs were obtained by immune-affinity chromatography from cell culture supernatants
of stabile producing hydridoma lines which had undergone at least two cycles of single-cell
cloning by limiting dilution.

Peroxidase-linked antibody assay (PLA)

The PLA technique, an enzyme-linked immuno assay employing heat-fixed infected cells,
was adopted from Harder et al. [12]. Antibody-containing solutions were applied to
heat-fixed cultures in microtitre plates and incubated for 2h at room temperature or
overnight at 4 "C. For the initial screening of hybridoma colonies, supernatant was added
in a single dilution of 1/2 1in PBST. Bound antibodies were detected by using horseradish-
peroxidase (HRPO)-labeled caprine-anti-murine-IgG, and 3-amino-9-ethylcarbazole serving
as the chromogen. The highest dilution of a MAb solution readily enabling signal detection
by light microscopy was recorded as its PLA-titre.

For photografic documentation of the intracellular herpesviral antigen accumulation,
high contrast immunocytochemical staining was achieved by use of 3,3’-diaminobenzidine
and subsequent gold/silver enhancement according to Lazar and Taub [20]. Hematoxylin
was used for counterstaining [24].

Plaque reduction neutralization assay (PRNT)

MAD concentrates were diluted to a protein concentration of approximately 25-50 pgml ~*
iIn DMEM to be tested for neutralizing capacities against 50—-100 plaque forming units
(pfu) of their homologous virus (PhHV 2557/Han88, PhHV 7848/Han90, FHV FVR 605
and CHYV 5105/Han89). A polyclonal serum known to neutralize the respective virus in a
microneutralization assay (see below) served as positive control. A neutralizing MAb raised
against the H-protein of phocid distemper virus (PDV) represented the negative control
[12]. Virus-MADb or — polyclonal serum mixtures were incubated overnight at 4 °C before
inoculation 1n duplicate onto monolayers of susceptible (either CRFK or A 72) cells for
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an adsorption period of 2h. In a parallel series, virus-MAb mixtures were incubated 1n
the presence of 4%, (v/v, final) of ginuea pig complement. After incubation for 72 h plaques

formed by PhHV 2557/Han88, FHV FVR 605, and CHV 5105/Han&9 were macroscopically
visible. In the case of PhHV 7848/Han90 the incubation period was prolonged to 6 days
and a second overlay was added at day 4. Plaques were then immunocytochemically stained
by the PLA-technique utilizing MAb 7848 2.4D7 or 2.6ES5 as the first layer.

The percentage reduction of plaque formation by a certain MAb was calculated with
respect to the number of plaques induced in the negative control.

Microneutralization assay (MNT)

Sera of naturally and experimentally herpesvirus-infected animals were assayed for their
neutralizing capacities in the presence of 47, (v/v) guinea pig complement solution against
PhHV, FHV, CHV and SHV-1. The test was essentially performed as described [13]. 507,
end point titres were calculated according to Kaerber [16].

Results
Growth properties of phocid herpesviruses in vitro

All PhHYV isolates replicated in primary seal kidney cells as well as in CRFK
cells, but not in cells of canine origin. However, neither FHV nor CHV could
be adapted to phocine cells by three blind passages (data not shown).
Cytopathogenic effects induced by all PhHYV 1solates except 7848/Han90 were
characterized by development of single rounded single cells gradually detaching
from the vessel surface (Fig. 1). The onset of cytopathogenic efifects induced by
PhHV 7848/Han90 was delayed in comparison to other PhHV isolates and
consisted mainly of syncytia formation. Under a semisolid overlay PhHYV
2557/Han88, FHV and CHYV strains generated macroscopically visible plaques
of 1-3mm in diameter within three days. Plaques induced by PhHV 7848/
Han90. in contrast, did not exceed pin-point size even after prolonged incub-

ation of six days.

Accumulation sites of viral antigens in CRFK cells infected by PhHV

A high-contrast peroxidase-linked immunocytochemical staining assay was
used to demonstrate the accumulation of PhHYV viral antigens in infected cells
(Fig. 1). Using the panel of MAbs raised against the PhHV 1solates 2557/Hangs
and 7848/Han90 three different patterns were identified (Table 2).

The majority of the MAbs stained viral antigen which was evenly
distributed throughout the cytoplasm (Fig. 1). Antigens detected by MAbs 7848
1.4C6 and 1.6C5 showed a restricted perinuclear localization surrounding the
nucleus like a corona. In early stages of viral replication this antigen was found
in the cytoplasm near the poles of the nucleus (Fig. 1.2). Some MAbs recognized
viral antigen which was confined to the nucleus (Fig. 1.3, Fig. 1.4). While nuclei
of cells apparantly in early stages of viral replication revealed a scattered staining
pattern (Fig. 1.4), enlarged nuclei of cells located 1n the centre of viral plaques

were homogenously filled with antigen (Fig. 1.3).
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Fig. 1. Intracellular distribution of antigen in CRFK cells infected by phocid herpesvirus
isolates identified by high contrast peroxidase-linked immunocytochemical staining utilizing
different monoclonal antibodies I Plaque of CRFK cells infected by PhHV-1 2557/Han8%
and pancytoplasmically stained using MAb PhHV-1 2557 3.1D3. 2 Perinuclear localization
of antigen (open triangles) identified by MAb PhHV-2 7848 1.6C5 in CRFK cells infected
by PhHV-2 7848/Han90. 3 Pannuclear distribution pattern of antigen (closed arrow) stained
by MAb PhHV-2 7848 1.9AS5 in CRFK cells infected by PhHV-2 7848/Han90. 4 Polar
accumulation of antigen (closed arrow) in a nucleus of a CRFK cell infected by PhHV-2
7848/Han90 (MAb PhHV-2 7848 1.7Cg)

Identification of conserved and type-specific epitopes of phocid, felid and
canid herpesviruses

The reactivity and affinity of MAbs established against different herpesviruses
was determined by use of an enzyme immunoassay employing fixed infected
cells (peroxidase-linked antibody assay, PLA). As a measure of relative
antibody affinity (AF-index) the ratio between the PLA-titre and the protein
content (IgG) ml~' of a given MAb concentrate was calculated.

As shown in Fig. 2 out of 20 MAbs raised against PhHV 2557/Han&8 all
but one reacted with CHV isolates whereas nine had also a high affinity to
most FHV strains. Three MAbs, namely 2557 2.3F4, 2.3F7 and 2.9A12. also
weakly reacted with pseudorabies virus (data not shown). The PhHV isolate
7848/Han90 was distinguishable both from seven other phocid herpesvirus

isolates as well as from CHV and FHV (Fig. 2): Only four of the 20 MAbs
produced against PhHV 2557/Han88 also detected PhHV 7848/Han90 antigen.

In contrast, the majority of MAbs raised against the latter virus recognized
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Table 2. Characterization of MAbs raised against phocid herpesvirus isolates 2557/Han88
and 7848/Han90, felid herpesvirus strain FVR 605 and canid herpesvirus isolate 5105/Han89

S == —— — — e SR ="

MADb designation Antigen Neutralization®
localization®

PhHV 2557/Han88¢

| 1H3Y 222" cytoplasmic 100

3.4B3, 3.4Gl1, 3.4G6, 3.5F1, cytoplasmic 60-90
36A12,.36E7, 3.7B9

2.3F4. 2.3F7..2.5B4, 2.9A12, cytoplasmic <20
3.1D3.-3.3G8;-3.3H5,.3.5B9, 3.7G3

3.2C8, 3.3E4 nuclear <20

PhHV 7848/ Han90*

1.3ES22.4D7..2:6ES cytoplasmic <20

1.4C6, 1.6C5 perinuclear <20

[ 7€3,"1.8C3,; L.IAS clear <20

FHV FVR 605°¢

[.4A1, 1.5HI10, 1.8H6 cytoplasmic < 20

CHV 5105/Han89°¢

2.3A10 cytoplasmic 70

.26 15 5A2) 2976 cytoplasmic <20

— = = = == -

‘Tested by peroxidase-linked antibody assay

*Percentage reduction of plaque forming units of the homologous virus (50 pfu) by
25-50 ng of antibody in the presence of 47, (v/v) of guinea pig complement

“Virus used to raise the MADs

{MADs did not require complement for neutralization

other PhHYV isolates but displayed only limited reactivity with FHV and CHV.
Most of the MAbs produced against FHV and CHYV reacted with all PhHV
1solates except PhHV 7848/Han90.

The monoclonal antibodies 2557 3.6E7; 7848 1.4C6, 1.6C5, 1.7C8, 2.4D7:
FVR 2.8H6 and CHV 2.9F6 were found to bind antigen of other except their
homologous virus species with very low affinity, if at all. Thus, these MAbs
were used for identification of single viral species. In combination with cross
reactive MAbs like 2557 3.3G8 and 3.1D3 an unambiguous antigenic identi-
fication and typing of herpesvirus isolates derived from terrestrial carnivores
and pinnipeds using the PLA technique can easily be accomplished.

In general, isolates of PhHV (expect 7848/Han90) and CHV displayed homo-
genous reactivity patterns to the MAb panel. However, among felid herpesviruses,
a diffuse intraspecies antigeneic heterogeneity was detectable with some MADbs:
MADb 5105 1.2G7, for example, moderately reacted with FHV/L, FHV 6034,
and 6887 but not with other FHV isolates including the vaccine strains. A
general and concise clustering, e.g. into vaccine strains and isolates obtained
from cats showing signs of rhinotracheitis or conjunctivitis, was not possible.
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Monoclonal antibodies

ralsed tested
against against
N
K C
& Q&
. - 2R AR A NN @
Monoclonal antibodies PhHV
raised tested 7848/Han90 2.6E5 B B RZ
against against 2 4AD7 zl WzlZ
19A5,13E5 [ B Y
PhHV 16C5 1| |/
2557/Han88 1.8C3 W
3.2C8, 3.3G8 :-723 _ - RZiN
3.2F2, 3.5B9 4c6 7 8
2.5B4, 2.9A12, 3.3HS | jald
3.4B3, 3.4G1. 3.5F1 FVR 605 X EEE R
2.3F7 2.3H10 7 B
i 2.8H6
36Aa12 M H B ZAmR N7
34G6 B 7 7B CHV
23F4,3.7G3 B[ 7 B DIGSanag 152 HM7Z AN
3789, 1.71H3 W[ ] 7 B 12G7 [ H N
3.1D3, 3364 | || | W 23A0 EH 7N
367 W[ A 2.9F6 NERZN

Fig. 2. Reactivity of monoclonal antibodies (MAbs) against phocid (PhH V), fehd (FHV') and
canid (CHV) herpesviruses analyzed by peroxidase-linked antibody assay. Reactivity
gradations are based on affinity values (see Materials and methods for calculation). I
strong, 74 weak, H heterogenous, [] not detectable. With respect to the reactivity patterns
the herpesvirus isolates and strains tested could be clustered as follows: PhHV-1 (n=7):
PB 84, PB 6-11/85, 2158/Han88, 2160/Han88, 2501/Han&8, 2557/Hang8, 2010/Han90;
PhHV-2(n=1):7848/Han90; FHV (n=7): FVR 605, F2, FHV/L, 6084/Han90, 6887/Han91,
299/Han91, 10499/Han91; CHV (n = 3): 5105/Han&9, 11190/Han91, 11361/Han91. Under-
lined letters indicate single MAbs which were shown to completely neutralize their
homologous virus independently from complement supplementation

Neutralization of viral infectivity by monoclonal antibodies

A number of MAbs generated against PhHV 2557/Han88, FHV and CHV
partially (60-90%,) reduced the formation of plaques of their homologous virus
when assayed in a comparatively high protein concentration of 25-50 ug ml ™
(Table 2). Only two MAbs generated against PhHV 2557/Han88 (1.1H3 and
3.2 F2) completely neutralized viral infectivity even without complement supple-
mentation and in higher dilutions. However, these MAbs were uncapable of
cross neutralizing other herpesvirus species (data not shown).

Differential neutralization by sera

A complement-enhanced microneutralization assay was used to investigate
whether PhHYV 7848/Han90 can also be distinguished from other PhHYV 1solates
by polyclonal antibodies derived from various naturally and experimentally
herpesvirus-infected species.
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Table 3. Cross neutralization of phocid herpesviruses and antigenically related herpesviruses
of terrestrial carnivores

Serum PhHV-1 PhHV-2 FHV CHV SHV-1
2557/Han88 7848 /Han90 FVR 605 5105/Hang&9 48/Han68

Weddell seals

5255/91 65° <) 15 53 <)
5257/91 40 <D <5 8 <H
5258/91 52 < <D 53 10
5259/91 40 <) <9 53 <)
5272/91 7 <5 < 28 <)
Harbour seals

3128/88 220 40 80 46 7
3394/88 30 &40 28 130 <)
3400/88 80 =8 92 113 <9
7848/90 450 46 46 180 <
8549/92 48 <) =) <) <D
11135/92 450 = 130 130 <)
11142/92 370 =15 46 23 <)
11164/92 192 26 23 32 <>
11166/92 256 £ 160 32 <9
11173/92 450 105 23 56 <
Reference sera

725C [ 3 =D <) 40 <H
xFVR605S 14 <D 3100 <5 <9
AK-F <D =0 <D < 02

*Reciprocals of NDs,

Sera nos. 5255 to 5272 were collected from Antarctic Weddell seals (Leptonychaetes
weddellii) in 1990 [13]. Nos. 3128 to 11173 originated from free-ranging harbour seals
(Phoca vitulina) of the German wadden sea 1988-1992. Serum 725C resulted from a dog
experimentally infected by CHV 5101/Han89 (Harder 1990, unpubl.). The anti-FHV serum
(xFVR605S) was raised in a sheep against FVR 605 (Dr. K. Danner, Behringwerke AG,
Marburg, F.R.G.). A porcine field serum (AK-F) served as a reference for SHV-1-specific

antibodies

For use in this study pinniped sera were selected which displayed high
neutralizing titres to the PhHYV isolate 2557/Han88. The majority of these sera
also strongly neutralized CHV (Table 3). In addition, sera sampled from
European harbour seals cross neutralized FHV whereas this was not achieved
with sera of Antarctic Weddell seals. All sera, however, enabled the differentiation
of the phocid herpesvirus isolate 7848/Han90 which appeared to be more
distantly related to PhHV 2557/Han88 than FHV but not as distant as SHV-1.

Discussion

Previous studies based on cross neutralization experiments employing recon-
valescent seal sera have demonstrated an antigenic relationship between genuine
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herpesviruses i1solated from cats, dogs and European harbour seals (Phoca
vitulina) [ 13, 25, 32]. More detailed comparisons of FHV and CHYV led to the
identification of some glycoproteins sharing a number of conserved epitopes
(21, 317,

By using a new panel of monoclonal antibodies raised against two PhHV
1Isolates we confirm and extend these data. Eight phocid herpesvirus isolates
obtained during 19841990 from different harbour seals with different clinical
syndromes were taken under study and compared to vaccine strains and recent
field 1solates of felid and canid herpesviruses. Seven PhHYV isolates displayed a
homogenous pattern of reactivity to 35 MADs. Isolates of seemingly different
pathogenicity (e.g. PhHV PB 84 and 2501/Hang&8) could not be distinguished.
The 1solate 7848/Han90, in contrast, differed in a number of epitopes defined
by MAbs from other PhHYV 1solates as well as from FHV and CHV. Multiple
cross neutralization experiments employing reconvalescent sera of different seal
species as well as reference sera to FHV or CHV and a serum from a SHV-1
infected pig gave further evidence that PhHV 7848/Han90 1s immunologically
distinct, though distantly related, from all other viruses tested here. In addition,
some 1n vitro properties, €.g. comparatively slow growth with predominant
formation of syncytia, are not shared with other PhHYV 1solates. 7848 /Han90
was 1solated from leucocytes, but not from other tissues of an adult harbour
seal which succumbed to a respiratory disease. The 1solation of herpesviruses
from seals sharing the properties of 7848/Han90 had not yet been reported.
Definite proof that 7848 /Han90 indeed represents a new genuine seal herpesvirus
thereby ruling out the possibility of a contamination, e.g. originating from fetal
calf serum, must come from restriction enzyme analysis and sequence data of
the genome. Until then the differentiation of two distinct groups of phocid
herpesviruses and their tentative designation as PhHV-1 (represented by PhHV
2557/Han88)and PhHV-2 (represented by PhHV 7848 /Han90) may be justified.

Some diffuse and heterogenous antigenic diflferences were also observed
among vaccine strains of FHV and herpesvirus isolates recovered from diseased
cats. However, a correlation of loss or presence of single antibody binding sites
and clinical entities was not feasible.

[solates of the proposed PhHV-1 type displayed a pronounced cross relation-
ship especially to CHV and to a lesser extent also to FHV. A similar situation
was unraveled by cross neutralization experiments. Titres of neutralizing anti-
bodies 1n sera derived from different pinniped species were generally highest
against PhHV-1 (2557/Han88). The majority of sera, at least those derived
from European harbour seals, significantly cross neutralized CHV 5105 and
FHV FVR 605 1in contrast to PhHV-2 (7848/Han90). The serum of the seal
from which PhHV-2 7848/Han90 was isolated displayed a high titre to PhHV-2.
As an unexpected finding the titre of this serum against PhHV-1 was even
higher. For an explanation it may be assumpted that seal 7848 has previously
been infected by PhHV-1; upon a recent primary infection with PhHV-2
(7848/HanY0) a presumably latent PhHV-1 infection was reactivated leading to
a boost or an anamnestic response of PhHV-1 specific antibodies while PhHV-2
specific antibodies yet were not fully developed. However, it can not be excluded
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that infections with PhHV-2 are not inducing neutralizing antibodies as readily
as PhHV-1. Serological follow-up studies in this case were not possible since
the animal died within a few days.

The host restriction of many «-herpesviruses both in vivo and 1n vitro 1s
variable [ 29]. Some viruses, e.g. CHV, appear to be strictly confined to a single
host species while others such as pseudorabies virus are capable of crossing
host species boundaries. Diseases induced by most «-herpesviruses in their
natural hosts are commonly self-limiting. Aberrant host species, in contrast, are
more prone to develop severe and often fatal clinical syndromes. Herpesviruses
were 1solated from the faeces of dogs showing signs of gastroenteritis. These
1solates replicated 1n feline cell cultures and were indistinguishable from fehd
herpesvirus by cross neutralization [ 8], restriction enzyme analysis and Southern
blotting [30]. The infection of dogs with a felid herpesvirus variant provoked
a clinical syndrome which is generally not seen in FHYV infections of the natural
host [28]. Data whether PhHYV 1s carrying any potential to cross the species
boundaries and infects members of the canidae or felidae families are presently
not available. It 1s tempting to speculate that the latter would not be unlikely
since both proposed types of PhHV did not require an adaptation phase to
replicate productively in feline cell cultures. In contrast, cells of canine origin
seem to be non-permissive. A system enabling an unambiguous i1dentification
and differentiation of herpesviruses 1solated from sea mammals and terrestrial
carnivores would be desirable both for diagnostic and epidemiological reasons.
For this purpose some of the newly established MAbs are suitable (PhHYV-
1:2557 3.6E7. PhHV-2; 7848 1.4C6, FHV:FVR 8H6, CHV:5105 2.9F6). Once
an isolate is available it can be typed by PLA within a couple of hours avoiding
the more time consuming, laborious and sophisticated restriction enzyme

analysis.
The panel of herpesvirus-specific MAbs characterized here may also aid 1n

the diagnosis of herpesvirus infections in cetaceans which have recently been
described in a harbour porpoise (Phocoena phocoena) showing encephalitis
[187] and in Beluga whales (Delphinapterus leucas) with dermatitis [ 1, 23 ].

In conclusion, using a large panel of MAbs we provided evidence that
herpesviruses of harbour seals are antigenically related to, though distinct from
felid and canid herpesvirus. Two groups of phocid herpesviruses, tentatively
designated PhHV-1 and PhHV-2, were differentiated by cross neutralization
experiments and epitope-typing using the newly established MADb panel. While
only a few antigenic differences between PhHV-1, CHV and FHV were detected
PhHV-2 appears to be more distantiy related to PhHV-1 1solates. Further work
is in progress to characterize the genomes and proteins specified by PhHV-I
and -2 in order to confirm their classification as separate genuine pinniped

herpesviruses.
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