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Abstract
Nine VHSV isolates, comprising three from marine hosts from North America, three from marine hosts from Europe, and
three from freshwater rainbow trout from Europe were compared for their stability in seawater at four different tempera-
tures. There was an inverse correlation between survival and temperature for all isolates; survival at 4 °C was for longer
than at 20 °C. There was variation in survival times between the different isolates. One of the isolates from freshwater
rainbow trout was the most stable in seawater (persisting for between 28 and 35 days at 4 °C), but another of those iso-
lates was the least stable in seawater (persisting for between 3 and 7 days at 4 °C). The stabilities of the North American
and European isolates from marine fish were quite similar to each other. Survival of those isolates was for between 7 and

21 days at 4 °C.

Introduction

Viral haemorrhagic septicaemia (VHS) was
once considered to be a disease predominantly
of salmonids in freshwater (Wolf, 1988), al-
though it has been recorded in salmonids
transferred to seawater and in a small number
of non-salmonid freshwater hosts (Meier et
al., 1994), VHS virus (VHSV) has also been
isolated from one catadromous non-salmonid
fish species, the European eel, Anguilla an-
guilla, (Castric et al., 1992). However, that
view has changed as a result of an ever in-
creasing number of isolations of VHSV from
marine fish species (Jgrgensen, 1992, Meier et
al. 1994). Tt appears that the origin of VISV
in salmonids in North America was from ma-
rine fish, and it has also been suggested that
VHS in salmonids in Europe originated from
an infection of marine fish which has been
spread to the freshwater environment by the
feeding of products from marine fish to
freshwater fish (Meyers and Winton, 1995).
rior to conducting transmission experiments
in seawater using several VHSV isolates, we
wanted to know how stable the virus was in
seawater. The only published data we found
compared the stability of one North American
isolate with the European reference isolate
(F1) at 15 min intervals up to one hour
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(Winton ef al., 1991), or compared the stabil-
ity of a VHSV isolate (from maricultured
rainbow trout, Oncorhynchus mykiss) in
seawater, river water and tap water supple-
mented with 1 % serum (Jgrgensen cited by
Hgrlyck et al., 1984). For our experimental
purposes, and for risk assessment purposes,
we required data covering a longer exposure
time than the former, and without serum sup-
plements. We therefore conducted our own
seawater stability study and present our re-
sults here.

Materials and Methods

Virus isolates

Nine isolates of VHSV were used (Table 1);
they comprised three isolates each from Euro-
pean marine, European freshwater and North
American marine environments. Isolate 3592-
B was cultured directly from an individual
rainbow trout fry which had died from an
experimental VHSV infection. Fry had been
bath infected with 10’ plaque forming units
per millilitre of water for 1 h at 11 °C (Hill
and Williams, 1984). The other eight isolates
were obtained from tissue culture harvests
stored at -85 °C. They were all grown in BF-
2 cells at 15 °C in Glasgow modification of
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Table 1. VHSV isolates and their origins

for 15 min at 4 °C

Isolate Host Habitat Source Reference then diluted to 1:100
83:53  |Rainbow trout [Europe (Denmark), [This laboratory, im GMEM and
. ( ().l mykiss) [freshwater : Da:}iSP origin seawater, both pre-
Spanish Rzunbovs.f trout IEurope, (Spain),  |I. Jiminez de .ia viously stabilised at
IVHS (0. mykiss) freshwater [Fuente, Madrid 4 °C. 10 °C. 15 °C
3592-B  |Rainbow trout Europe, (Denmark), [N. Lorenzen, [Lorenzen et al. A e ’ :
extract  |(Q. mykiss) freshwater Arhus (1993) and 20 °C; the di-
INA—] I Jcoho salmon IN. America, marine [J. Winton, Seattle[Brunson ef al. luted isolates were
0. kisutch) (1989) maintained at those
NA-61  [Pacific cod IN. America, marine [J. Winton, Seattle[Meyers et al. temperatures for the
(Ga.dfls macrocephalus) (1991) duration of the ex-
AK93  [Pacific herring IN. America, marine |I. Winton, Seattle[Meyers ef al. . :
. periment. The vi-
(C. harengus pallasi) (1994) .
814/94 [Turbot (Scophthalmus |Burope, (Scotland), [D. Smail,  [Ross eral. ruses were (itrated
naximus) marine |Aberdeen (1994) immediately ~ (day
7321 Turbot [Europe, (Germany), [H.-J. Schlotfeldt, |Schlotfeldt er O)} then at days 1, 2,
(S. maximus) marine Hannover al. (1991) 3, and 7, and at 7
Cod Atlantic cod [Europe, (Denmark), |N. Olesen, Arhus [Jensen et al. day intervals there-
Rhabdo |(Gadus morhua) marine (1979)

after. For an indi-

I Nomenclature from Batts et al. (1993)
Eagle’s medium (GMEM) supplemented with
2 % foetal calf serum.

Virus titration

The viruses were titrated using BF-2 cells in
96-well microtitre plates (Falcon). End point
dilution assays to determine the tissue culture
infectious dose-50 % (TCIDs) titre (Kérber,
1931) were performed by inoculating serial
log,, dilutions of virus onto the cells. The
cells were incubated at 15 °C for six days then
scored for cytopathic effect (CPE).

Seawater

The seawater (pH 7.7, salinity 35 %c) was
collected locally. Particulate matter was al-
lowed to settle, then the supernatant was fil-
tered through a 0.22 um cellulose acetate filter
(Corning) to remove any fine suspended sol-
ids which might adsorb virus, and to remove
bacteria which might produce substances with
antiviral activity (Toranzo and Hetrick, 1982;
Kamei et al., 1987).

Stability Experiment

Each VHSV isolate was cultured in BF-2 cells
and harvested when complete CPE was ob-
served. Harvests were clarified at 1500 x g

vidual isolate, titra-
tion of virus in GMEM was stopped when no
virus in seawater was detected by titration.

Results and Discussion

In general there was an inverse correlation
between survival of an isolate in seawater and
temperature (Figures 1, 2 and 3). At 20 °C,
the infectivity of three of the isolates (Spanish
VHSV, 7321 and cod rhabdo) was not de-
tected after two days incubation, and the in-
fectivity of the other six isolates was lost by
the seventh day of incubation at that tem-
perature. The majority of the isolates sur-
vived in seawater for at least seven days at 4
°C, and 3592-B survived for at least 28 days.
The viruses in GMEM retained infectivity for
the duration of the titration period, although
again there was an inverse correlation be-
tween reduction of titre of the isolates and
temperature.

There was no pattern to the stability of the
isolates in seawater. Freshwater isolates
contained the two extremes of survival; iso-
late 3592-B was the most stable and Spanish
VHSYV the least stable (Figure 2). At 4 °C,
isolate 3592-B survived at least 14 days
longer than the most stable marine isolates
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0 NA-1 in seawater

i & are rare,
whereas cod are
pelagic fish and
will encounter
higher tempera-
tures. This could
account for the in-
creased stability of

NA-6 in seawater

Virs titre (TCID,, m17")
3

AKY3 in seawater

Figure 1 Titres of North American VHSV isolates maintained at 4 °C
(#), 10 °C (), 15 °C (&) and 20 °C (%) in seawater or GMEM.

(cod rhabdo and NA-1). The fact that 3592-B
was the only isolate in its first passage in tis-
sue culture may be a factor contributing to its
greater stability, but not enough data are
available to validate that hypothesis. At 10
°C, cod rhabdo was the only marine isolate
which was more stable than the freshwater
isolates 3592-B and 83:53.

The survival times of the North American
isolates NA-6 and AK93 in seawater were
identical at all temperatures (Figure 1). The
third North American isolate, NA-1, differed
trom the other two only in being more stable
at 4 °C. The two turbot isolates, 814/94 and
7321 were much less stable at higher tem-
peratures than the Atlantic cod isolate (cod
rhabdo) (Figure 3). Turbot are benthic dwell-
ers where water temperatures in excess of 4

NA6in GMEM ' the Atlantic cod
isolate at 10 °C and
15 °C. However,
relating the stability
of an isolate to the
life history of the
host does not hold
for the  North
American isolates.
The survival times
of the Pacific cod
and Pacific herring
isolates (NA-6 and
AK93) were identi-
cal to the turbot
isolate 814/94, yet
the former two spe-
cies are pelagic like
the Atlantic cod.
More data are
needed to deter-
mine the influence, if any, of host factors on
the stability of a VHSV isolate in seawater.

Winton et al. (1991) reported that the VHSV
type strain (F1) and a marine isolate (Makah)
were more stable in salt water (3 % sodium
chloride in “fresh water”) than in fresh water,
at 12 °C. We did not compare the stability of
our isolates in freshwater; GMEM was used
as the reference. However, Ahne (1982a, b)
reported that the VHSV FI isolate survived
for 28 days in tap water, and 49 days in river
water at 10 °C. Direct comparisons with our
results are not possible as different isolates
were used, but the longest time any of the
isolates used in this study survived in seawa-
ter at 10 °C was between 14 and 21 days (cod
rhabdo). Taken at face value, this suggests
that VHSV isolates may be more stable in

AK93 in GMEM
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83:53 in seawaler

Spanish VISV in seawater

0y

Virus titre (TCID,, ml

3592-B in seawater

under different
environmental

conditions, in
which only a sin-
gle isolate was
tested.  Reliance
should not be
placed on the ab-
solute survival
times in  such
1 studies, as the
isolate tested may
have been atypi-
cal. Furthermore,
the number of
times an isolate
has been passaged
in cell culture may
also affect how
stable it is in dif-
ferent media.

It has been sug-
gested that sur-
vival studies such
as those reported
here should be
done wusing un-

83:33 in GMEM

Spanish VHSV in GMEM

3592-B in GMEM

treated water to

Figure 2 Titres of European freshwater VHSV isolates maintained at 4°C  ghtain a more ac-

(#), 10°C (W), 15°C (A) and 20 °C (%) in seawater or GMEM.

fresh water than in seawater. That suggestion
is reinforced by data of Jgrgensen, cited by
Hgrlyck et al. (1984), which showed that a
VHSV isolate stored in sea water supple-
mented with 1% serum remained infectious
for more than 10 months at 4 °C, but the virus
titre was reduced compared with that of the
virus stored in tap water and river water. In
order to clarify this, comparisons of the sta-
bility of the same VHSV isolates in seawater
and freshwater, without serum supplements,
need to be done in the same laboratory. Our
results also show that several isolates should
be compared, as some isolates are more stable
than others. This finding has relevance to
previous studies on the stability of a virus

curate estimate of
survival time
(Toranzo et al., 1983), particularly if there is a
component in the water having the effect of
reducing the virus titre. However, the possi-
ble presence of such components in the water
was the very reason we chose to filter the
seawater. We wanted to obtain figures for
VHSV survival in seawater that were gener-
ally applicable; using unfiltered seawater of
local origin, with its local microbiological
content, may have given a biased result. Our
data provide potential maximum virus sur-
vival times in seawater with negligible titre
reducing components (unless soluble factors
are present). This forms a baseline for risk
assessment purposes; survival times may
possibly be greater if virus protective sub-
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814/94 in seawater

7321 in seawater

Virus titre (TCIDso ml")

plications for the
disease security of
existing and new
marine aquaculture
sites.

814/94 in GMEM

Acknowledgement
Mr Lee Parry was on an

’ industrial placement at
B mGMEM FDL, sponsored by
MAFF (contract CSA
3321).

References

Ahne, W. (1982a). Un-
tersuchungen zur
Tenazitidt der Fisch-
viren. Fortschr. Vet-

Cod Rhabdo in seawater

10’ ‘

Cod Rhabdo in GMEM erindrmed. 35, 305-
309.

Ahne, W. (1982b). Ver-
gleichende Unter-
suchungen iiber die
Stabilitit von vier
fischpathogenen
Viren (VHSV, PFR,
SVCV, IPNV). Zbl
Vet, Med. B 29, 457-

476.

Figure 3 Titres of European marine VHSV isolates maintained at 4 °C Batts. W. N.. Arakawa. C.

(¢), 10 °C (M), 15 °C (A) and 20 °C (#) in seawater or GMEM

stances are present in other waters, and sur-
vival times are likely to be shorter in many
waters. When in vivo experiments are under-
taken, the antiviral properties of the water
used and the stability of the individual isolates
need to be determined.

In the natural environment, the virus could
potentially be transmitted from infected fish
to the water by excretion, with sexual fluids,
from skin lesions, or it could be released from
the tissues of dead fish. The survival times in
seawater of the isolates tested here, particu-
larly at low water temperatures, means that
cultivated and wild fish in the marine envi-
ronment are at risk from VHSV isolates of
both marine and freshwater origin for some
days following such transmission of the virus
from infected fish to the water. This has im-

K., Bernard, J., and

Winton, I. R. (1993).
Isolates of viral hemorrhagic septicemia virus from
North America and Europe can be detected and dis-
tinguished by DNA probes. Dis. aguat. Org. 17, 67-
il

Brunson, R., True, K. and Yancey, J. (1989). VHS virus
isolated at Makah National Fish Hatchery. Fish
Health Sect. Am. Fish. Soc. Newslett. 17, 3-4.

Castric, J., Jeffroy, I., Bearzotti, M. and Kinkelin, P. de
(1992). Isolation of viral haemorrhagic septicaemia
virus (VHSV) from wild elvers Anguilla anguilla.
Bull. Eur. Ass. Fish Pathol. 12, 21-23.

Hgrlyck, V., Mellergard, S., Dalsgaard, 1. and Jgrgensen,
P. E. V. (1984). Occurrence of VHS in Danish
maricultured rainbow trout. Bull. Eur. Ass. Fish
Pathol. 4, 11-13,

Jensen, N. I, Bloch, B. and Larsen, I. L. (1979). The
ulcus-syndrome in cod (Gadus morhua). 1II. A pre-
liminary virological report. Nerd. Vet.-Med. 31,
436-442.

Jgrgensen, P. E. V. (1992). Recent advances in surveil-
lance and control of viral haemorrhagic septicaemia
(VHS) of trout. In: Proc. QJI Int. Symp. Salmonid




Bull. Eur. Ass. Fish Pathol., 17 (1),36, 1997.

Diseases. Hokkaido University Press, Sapporo, Ja-
pan, p. 60-71.

Kamei, Y., Yoshimizu, M., Ezura, Y. and Kimura, T.
(1987). Effects of estuarine and marine waters on
the infectivitics of infectious hematopoietic necrosis
virus (IHNV) and infectious pancreatic necrosis vi-
rus (IPNV). Bull. Fac. Fish. Hokkaido Univ. 38,
271-285.

Kirber, G. (1931). Beitrag zur kollektiven Behandlung
pharmakologischer Reihenversuche. — Arch. Exp.
Path. Pharm. 162, 430-487.

Lorenzen, N., Olesen, N. J. and Jgrgensen, P. E. V.
(1993). Antibody response to VHS virus proteins in
rainbow trout. Fish Shellfish Immunol. 3, 461-473.

Meier, W., Schmitt, M, and Wahli, T. (1994). Viral
hemorrhagic septicemia (VHS) of nonsalmonids.
Ann. Rev. Fish Dis. 4,359-373.

Meyers, T. R. and Winton, J. R. (1995). Viral hemor-
rhagic septicemia virus in North America. Ann. Rev.
Fish Dis. 5, 3-24.

Meyers, T. R., Short, S., Lipson, K., Batts, W. N., Win-
ton, J. R., Wilcock, . and Brown, E. (1994). Asso-
ciation of viral hemorrhagic septicemia virus with
epizootic hemorrhages of the skin in Pacific herring
Clupea harengus pallasi from Prince William Sound
and Kodiak Island, Alaska, USA. Dis. aguat. Org.
19, 27-37.

Meyers, T. R., Sullivan, I., Emmenegger, E., Follett, J,
Short, S., Batts, W. N. and Winton, J. R. (1991).
Isolation of viral hemorrhagic septicaemia virus from
Pacific cod Gadus macrocephalus in Prince William
Sound, Alaska. In: Proc. Second Int. Symp. Viruses

of Lower Vertebrates. Oregon State University. Cor-
vallis. 83-91.

Ross, K., McCarthy, U., Huntly, P. J., Wood, B. P, Stu-
art, D., Rough, E. I, Smail, D. A. and Bruno, D. W.
(1994). An outbreak of viral haemorrhagic septi-
caemia (VHS) in turbot (Scophthalmus maximus) in
Scotland. Bull. Eur. Ass. Fish Pathol. 14,213-214.

Schlotfeldt, H.-T., Ahne, W., Jgrgensen, P. E. V. and
Glende, W. (1991). Occurrence of viral haemor-
rhagic septicacmia in turbot (Scophthalmus maxi-
mus) - a natural outbreak. Bull. Eur. Ass. Fish Pa-
thol. 11, 105-107.

Toranzo, A. E., Barja, J. L., Lemos, M. L. and Hetrick, F.
M. (1983). Stability of infectious pancreatic necrosis
virus (IPNV) in unireated, filtered and autoclaved
estuarine water. Bull. Eur. Ass. Fish Pathol. 3, 51-
53.

Toranzo, A. E. and Hetrick, F. M, (1982). Comparative
stability of two salmonid viruses and poliovirus in
fresh, estuarine and marine waters. J. Fish Dis. 5,
223-231,

Winton, J. R., Batts, W. N., Deering, R. E., Brunson, R.,
Hopper, K., Nishizawa, T., and Stehr, C. (1991).
Characteristics of the first North American isolates
of viral hemorrhagic septicemia virus. In: Proc,
Second Int. Symp. Viruses of Lower Vertebrates.
Oregon State University, Corvallis, p. 43-50.

Wolf, K. (1988). Viral hemorrhagic septicemia. In:
Fish viruses and fish viral diseases. Cornell Univer-
sity Press, Ithaca, p. 217-249.




