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ABSTRACT: Atlantic salmon exposed to organic material (like blood) containing the infectious salmon
anaemia (ISA) agent, or to salmon lice from ISA-infected fish, suffered high mortalities. Coprophagy
was observed and may be of importance when the disease has reached a fish farm, i.e. during an out-
break. It is suggested that salmon lice may be an important vector for the ISA agent in epidemic and
endemic phase. Although passive transmission in seawater may be of lesser importance in the spread
of the agent, it was demonstrated in this study that the ISA agent was still infectious after 20 h in
seawater and 4 d in blood and kidney tissue kept at 6°C.
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INTRODUCTION

In order to control diseases it is crucial to know the
mechanisms for spreading. One of the most important
diseases in Norwegian fish farms is infectious salmon
anaemia (ISA). [SA is a viral disease of farmed Atlantic
salmon Salmo salar L. in Norway, and was recorded for
the first time in late autumn 1984 (Thorud & Djupvik
1988). It has only been diagnosed in Atlantic salmon after
the fish have been transferred to sea or when salmon
have been exposed to seawater in hatcheries. ISA is
characterized by severe anaemia and high mortalities.
Other symptoms exhibited are exophthalmia, ascites,
congestion and enlargement of the liver and spleen, con-
gestion in the intestinal mucosa, and usually petechiae in
the visceral fat (Evensen et al. 1991, Thorud 1991, Ny-
lund et al. 1993). The disease can be transmitted using
homogenates of tissue obtained from diseased fish. Virus
particles with a morphology similar to the Arenaviridae
have been found in Atlantic salmon suffering from ISA
(Hovland et al. in press, Nylund et al. unpubl.). These
particles are believed to be the causative agent of the
disease, but it has not yet been possible to culture the
virus.

The epizootiology of ISA was described by Vagsholm
etal. (1993). They described risk factors that may aid the
spread of ISA in the epidemic and endemic phase and
gave a list of measures that could possibly prevent the
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spread of the disease. They also suggested that the most
important mechanism for the spread of the agent from a
reservoir to new hosts is passive transmission in sea-
water. However, in spring 1992 Nylund et al. (1993)
showed that the salmon lice could function as a vector
for ISA. In the epidemiological phase, sea lice (Caligus
elongatus and Lepeophtheirus salmonis) on salmon with
[SA could represent an important vector in the spread of
the disease from one fish farm to another. It has been
shown by K. Birkeland (cf. Jakobsen 1993) that preadult
and adult stages of L. salmonis move from host to host,
and it has been observed that well-fed adults of C. elon-
gatus may leave the host and live in plankton, later to at-
tack other fish (Kaestner 1970). Ectoparasites as vectors
of viral and bacterial diseases of fish have been dis-
cussed by Horne (1928), Ahne (1985}, Cusack & Cone
(1985, 1986), Cusack et al. (1988), Mulcahy et al. (1990),
and Nylund et al. (1991, 1992, 1993).

Itis crucial for the management of this disease in Nor-
way, and for the prevention of spread to fish farms in
other countries, that the mechanisms of transmission
from reservoirs to new hosts are determined. The trans-
fer of disease from affected fish to healthy fish can occur
via the skin (mucous membrane, abrasions, etc.), urine,
and feces. Hence, the aim of the present study was to
examine the following potential transfer mechanisms:
vector transmission by sea lice, transmission in organic
material and passive transmission (in seawater).
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MATERIALS AND METHODS

All Atlantic salmon Salmo salar used in this experi-
ment were supplied by EWOS, Lenningdal, Norway.
The hatchery had no history of disease. The mean
weight and length of the smolts when taken into the
laboratory were 44 g and 15.5 cm. The smolts were
transferred to seawater (34 %o) after arrival at the labo-
ratory and kept in 0.15 m? tanks, about 50 specimens in
each, at water temperatures from 8 to 12°C.

The blood (heparinized and stored at —80°C) used
in these experiments, with the exception of tasks D
and E (see below), was of the same origin (collected
from Atlantic salmon during a natural outbreak of ISA
in a fish farm near Bergen, Norway). The disease was
diagnosed by local veterinarians. Preparation of the
filtrate used in the experimental challenges was as
follows: the heparinized blood was cold centrifuged at
2000 rpm (913 x g) for 10 min to separate the blood
cells from the plasma. The blood cells were diluted
with Earle's Balanced Salt Solution (EBSS) 1:1 and son-
icated in an Ultra-Turrax 25 for 10 s. The solution was
then cold centrifuged at 3700 rpm (3200 x g) for 10 min.
The supernatant and the blood plasma were passed
through a 0.2 ym pore sterile filter, mixed and kept on
ice prior to challenge.

Experimental groups (Table 1). Task A:ISA-infected
blood was sonicated and 100 ml were added to a 301
tank containing seawater and smolts (group BSA). The

Table 1. Experimental groups in this study. The groups are
named as follows: the first letter describes treatment (B: bath;
C: cohabitation with infected individuals; I: intraperitoneal
injection), the middle letter indicates the type of tissue used in
the challenge and how this tissue was treated (E: Earle's
Balanced Salt Solution; F: sonicated and filtered ISA-blood;
H: Hanks’ Balanced Salt Solution; K: sonicated and filtered
tissue from the kidney; L: cohabitant with ISA and salmon
lice; O: cohabitant with ISA; S: sonicated blood; V: lice pre-
sent on fish challenged with sonicated and filtered ISA-blood;
W: filtered seawater from wellboat tank), and the last letter
shows the task (A, B, C, D, E). The control groups are given
the first 2 letters only (with the exception of the control group

in task E)
Group N Dose Group N Dose
Task A Task D
IFA 44 0.2 ml IKD 44 0.2 ml
BFA 46 1:300 IWD 48 0.2 ml
BSA 47 1:300 IFD 47 0.2 ml
Task B Control
BFB 46 1:300 IE 39 0.2 ml
IFB 45 0.2 ml BE 32 1:300
BVB 33 1:300 Task E
Task C IKE 60 0.2 ml
CLC 38 5 cohabitants IFE 40 0.2 ml
CcOC 39 5 cohabitants IHE 30 0.2 ml

salmon were challenged for 1 h before the seawater
was allowed to circulate. The remainder of the blood
was filtered through a 0.2 ym pore filter. The second
group (BFA) of salmon were bathed in 100 ml of the
filtrate diluted in 30 | of seawater for 1 h. In the third
group (IFA), 0.2 ml of the filtrate was injected intra-
peritoneally (i.p.) into each specimen.

Task B: ISA-blood was sonicated and filtered and
used to challenge 3 groups. Two groups (BFB and
BVB) were each bathed in 100 ml of the filtrate diluted
in 301 of seawater for 1 h. Each group was kept in a
separate tank. The smolts in group BVB were infected
with 5 to 10 preadult salmon lice each, while no lice
were present on the smolts in group BFB. In the third
group (IFB) 0.2 ml of the filtrate was injected i.p. into
cach specimen. After 38 d groups BFB and BVB were
anaesthetised with Benzocaine and injected i.p. with
0.2 ml prednisoloneacetate (10 mg ml~'). The tempera-
ture was raised to 16°C and the fish were kept at this
temperature for 25 d.

Task C: Five specimens of Salmo salar with signs of
ISA were added to each of 2 groups; one with 5 to 10
preadult salmon lice on each individual (group CLC)
and the other without any lice in the tank (group
COC]). The 5 specimens added to group CLC were also
infected with 5 to 10 preadult salmon lice, while the 5
specimens added to group COC were without lice. The
salmon lice used in these experiments were cultured in
our laboratory and the copepodites were used to infect
the smolts. When the lice reached the second preadult
stage the smolts were used for the experiments. Each
fish was infected by 5 to 10 preadult lice.

Task D: Six tons of Atlantic salmon suffering from
ISA were kept in a 74 m® tank for 5 h. Thirty-two
specimens were collected at random, signs of disease
were registered and blood and kidney samples were
taken. Ten of these individuals showed typical signs of
ISA and skin lesions were also present. The mean
hematocrit for the 32 specimens was 37 range 10 to 54.
Blood and kidney from 6 of these specimens (mean
hematocrit 16, range 10 to 21} were used to challenge
2 groups of Atlantic salmon, IFD and IKD. The blood
and kidney tissues were kept separate, sonicated,
filtered (0.2 pm pore diameter), and 0.2 ml was injected
i.p. into the smolts in these 2 groups. Another group
(IWD) was challenged i.p. with filtered seawater from
the wellboat tank, 0.2 ml injected per salmon.

Controls for tasks A to D: Two control groups of
smolts were used. In one group (IE) 0.2 ml of EBSS was
injected i.p. while the other control group (BE} was
bathed in 100 ml of EBSS in 301 of seawater for 1 h.

Task E: To learn more about the length of survival of
the ISA virus in blood and tissue, blood and kidney
tissue were collected from salmon during a natural
outbreak of ISA (in a fish farm in northern Norway).
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These samples were transported to our laboratory in
Bergen (i.e. kept at 20 °C for 8 h) and, on arrival, stored
at 6°C for 96 h before they were used to challenge
disease-free salmon. Just before challenge, the blood
and kidney tissue (kept separately} were sonicated,
filtered (0.2 pm), and diluted 1:1 with Hanks’ Balanced
Salt Solution (HBSS). One group of salmon (IKE) re-
ceived an i.p. injection of 0.2 ml of the kidney filtrate
and another group (IFE) an i.p. injection of 0.2 ml of the
blood filtrate. The control group (IHE) received an i.p.
injection of 0.2 ml HBSS. The groups were kept in
separate tanks (0.15 m® at 12°C with running sea-
water.

Survival of the ISA agent in salt water. ISA-blood
was sonicated, filtered and diluted 1:1 with seawater
(34%0) or EBSS. The 2 solutions were injected i.p.
into smolts according to the following time schedule:
10 min, 2.5 h and 20 h after preparation of the solu-
tions. The smolts were individually tagged and kept in
the same tank. The 2 solutions were stored at 6°C. A
control group of 13 smolts was also kept in the same
tank and received an 1.p. injection of 0.2 ml EBSS.

In addition, weight and length were measured,
haematocrits determined, clinical signs of disease
registered, and tissues for histological ex-
amination were taken. Each fish was also
examined bacteriologically by inoculation
of kidney tissue onto blood agar plates,
which were incubated at 20°C for 6 d, and
on blood agar plates containing 2% NaCl

water from the wellboat. One specimen died after 30 d
in the control group (IE) injected with EBSS. Bacterna
were isolated from the kidney of the control fish and
the 2 fish from group IWD, and no signs of ISA were
present in these individuals. The bacteria isolated
were not identified as a species that commonly infects
salmon in Norwegian fish farms.

In the last group in the wellboat study (task D) mor-
tality after 30 d was IKD: 18 %; after 70 d the mortalities
In the wellboat study were IKD: 84 %, IFD: 45% and
IWD: 4 %. The specimens that died in groups IKD and
IFD showed all the signs of [SA, and no bacteria were
isolated from the kidney.

For smolts challenged by bath in a solution of soni-
cated and filtered ISA-blood diluted in seawater
(1:300) mortalities after 30 d were BFA: 0.0%, BFB: 6 %
(3 specimens) and BVB: 6% (2 specimens). The 2
specimens from group BVB and 1 specimen from
group BFB showed clinical signs of ISA. Bacteria were
not isolated from these 3 specimens. However, bacteria
were isolated from the other specimens that died in
group BFB and BVB. These bacteria were not among
the known fish pathogens in Norwegian fish farming.
One individual died in each group (BFB and BVB)

Table 2. Results of different experimental challenges of salmon smolts

with the ISA agent. N: no. of specimens in each group; mortalities: no.

and % of specimens that died in each group during the experiment;
haematocrit: mean and range of haematocrit of survivors

which were incubated for 6 d at 15°C. Group N Mortalities Hematocrit
30d 70d Mean Range
no. % no. %
RESULTS — - —
Task A
. IFA 44 20 45 26 59 45.1 31-63
The number of mortalities in each group BEA 46 0 0 0 0 56.6 43-65
after 30 and 70 d, and mean haematocrit BSA 47 15 32 17 36 42 .4 25-56
values for the survivors, are given in Table Task B
2. In each group the mortality occurred in 2 BFB 46 3 6 4 9 50.7 32-69
separate periods, one from about Day 17 IFB 45 37 82 45 100 N -
until Day 30, and the other starting at about BVE 3 2 6 3 9 439 27-58
Day 35. Task C
. L . . . CLC® 38 26 68 38 100 - -
The i.p. injection of sonicated and filtered cocC 19 6 15 23 58 42 20-55
ISA-blood into salmon smolts resulted in the Task D
following mortalities during the first 30 d: IKD 44 8 18 37 84 37.8 23-47
6, 45 and 82 % for groups IFD, IFA and IFB IWD 48 2 4 2 4 457 33-60
respectively. After 70 d the mortalities were IFD 47 3 6 21 45 42.3 19-55
45% (IFD), 59% (IFA) and 100 % (IFB). The Control
specimens that died in groups IFA, IFB and gSE gg (1) é :13 g igg gg:gé
IFD showed all the clinical signs of ISA, and Task E
no bacteria were isolated from the kidney. IKE 60 2 3 - _ - -
The lowest haematocrit value registered IFE 40 7 18 ~ - - -
was 1 (range 1 to 20). IHE 30 0 0 - - - -
Two specimens died in the group (IWD) 25 to 10 salmon lice present on smolts
challenged by i.p. injection of filtered sea-
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during the latent carrier test (LCT). These 2 specimens
showed some of the signs of ISA. The salmon lice in
group BVB had been feeding on the hosts according to
the contents in the gut of the lice, and haemorrhaging
and complete erosion of the host epidermis at the
points of feeding.

The group challenged by bath in sonicated ISA-blood
diluted in seawater (1:300) showed a mortality of 32 %
(group BSA) during the first 30 d. The specimens that
died in group BSA showed all the clinical signs of ISA.

One specimen died in the control group (BE) bathed
in EBSS. Bacteria were isolated from the kidney of the
control fish and no signs of ISA were present. The
bacteria isolated were not among the known fish
pathogens in Norwegian fish farming.

The 5 cohabitants with ISA in group CLC died on the
following days after challenge, Day 1: 2 specimens,
Day 2: 1 specimen, Day 6: 2 specimens. In group COC
the cohabitants with ISA died on Day 1 (1 specimen),
Day 2 (2 specimens), Day 19 (1 specimen) and Day 22
(1 specimen). The cohabitants in the 2 groups showed
all signs of ISA and the bacterial samples from the
kidney were negative. In the fish challenged in the
2 groups mortalities after 30 d were CLC: 68% and
COC: 15%. The specimens that died in groups CLC
and COC showed all signs of ISA, and no bacteria
were isolated from the kidney. The number of salmon
lice on the smolts in group CLC declined towards the
end of the experiment. In the last 10 d the mean inten-
sity was 1. Coprophagy were observed in both groups,
l.e. the smolt were observed to eat feces containing
blood from the cohabitants suffering from ISA.

The mortalities in group IFE started 17 d after chal-
lenge and 18 % of the fish died before Day 30. In the
group challenged with kidney tissue (IKE) only 3%
died before Day 30. The fish that died showed all the
typical signs of ISA and the virus was present in the
different tissues. There were no mortalities in the
control group (IHE).

The results of the study of survival of the ISA agent
in salt water are given in Table 3. All the fish chal-
lenged by injection of the ISA agent diluted in sea-
water or EBSS died before mortalities began in the
control group. The fish showed all signs of ISA and no
bacteria were isolated from the kidney samples. The
smolts were observed to eat feces containing blood
from the cohabitants suffering from ISA.

DISCUSSION

It has been shown that sea lice Lepeophtheirus
salmonis can function as a vector for the ISA agent
(Nylund et al. 1993). This study has also shown that
challenge of salmon smolts by i.p. injection of soni-

Table 3. Survival of the ISA agent in salt water. Sonicated/
sterile filtered blood from ISA-infected salmon was diluted 1:1
in seawater (34 %) or EBSS respectively. The 2 solutions were
injected intraperitoneally into smolts (0.2 ml each) 10 min (I},
2 h (II) and 20 h (I1I} after their preparation. Control fish were
injected with EBSS only. Days: no. of days fish survived after
injection; ISA: signs of disease present (+) or absent (-}

Solution Days N ISA
EBSS-1 18 3 +
19 1 +
20 1 +
Sea-l 21 2 +
22 1 +
24 2 +
EBSS-II 20 1 +
21 2 +
22 2 +
Sea-Il 19 2 +
21 2 +
24 1 +
EBSS-III 23 1 +
24 2 +
26 1 +
27 1 +
Sea-IlI 20 1 +
21 3 +
24 1 +
Control 28 1 +
30 1 +
31 1 +
32 2 +
35 6 +
37 1 +
42 1 -

cated filtered ISA-blood results in the same mortality
as experimental challenge with salmon lice from ISA
infected fish. Hence, due to the difficulties of obtaining
and working with salmon lice from fish with ISA, i.p.
injections may be used as an indicator of exposure of
salmon to ISA-infected lice.

The importance of sea lice compared to other trans-
mission mechanisms is not known. The present study
indicates that transmission of free ISA agent passively
through seawater does occur. However, smolts chal-
lenged by bath in seawater containing the ISA agent
(groups BFA, BFB and BVB) did not result in signifi-
cant mortalities or signs of ISA. Nor did injection of
filtered seawater (group IWD) from the wellboat
tank containing salmon with ISA. But when organic
material was present (sonicated bloodcells, group
BSA) the bath-challenged smolts developed ISA and
32 % died during the first 30 d. One explanation for this
could be that virus particles are lost during preparation
of the filtrate and that the virus titre was too low to
produce an infection. However, it is not reasonable to
believe that the concentration of virus in a net pen will
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be higher than the dose used in these experiments or
that in the seawater from the wellboat tank, but the
duration of the challenge will last longer in a net pen.
Another explanation could be that organic material
enhances the uptake of the virus. Such an explanation
would support the view that blood from fish processing
plants may have been important in the spread of the
disease (Vagsholm et al. 1993).

The presence of salmon lice on the fish bathed in
ISA/seawater (group BVB) did not increase the possi-
bility of an ISA infection. The lice on the fish had been
feeding, judging from the gut contents of the lice and
the presence of haemorrhages in the host skin, indicat-
ing that the protection of the integument had been
weakened. This suggests that the most important
infection route of the ISA agent may not be through
lesions in the integument, i.e. secondary infections due
to integumentary wounds caused by salmon lice.

Challenge by cohabitants (groups CLC and COC)
shows that the ISA agent can be transmitted from one
host to the next without the presence of sea lice. Again,
this could be due to passive transmission of the agent
through seawater. However, coprophagy were ob-
served in both groups (CLC and COC) and it is likely
that the level of virus in the feces from ISA-infected
salmons constitutes a higher challenge compared to
virus in seawater. Still, coprophagy only seems to have
an additional effect since the mortality in group CLC
(where sea lice were present) was 68% while the
mortality in group COC was 15 % after 30 d. Previous
experiments have shown that the lice move from host
to host in the tanks (pers. obs.) and this also occurs in
nature (cf. Kaestner 1970, Jakobsen 1993). This sug-
gest that the salmon lice do have a potential as a vector
for the ISA virus as shown by Nylund et al. (1993).

The survival test showed that the ISA agent can
survive in seawater for at least 20 h at 6°C and for4 d
in tissue (groups IFE and IKE) at 6°C. This fact has
important implications for the spread and maintenance
of the disease. During epizootics, sea lice on salmon
with ISA may be very important for the spread of the
disease from one fish farm to another. Passive trans-
mission of the agent through seawater would probably
be negligible with respect to spread of the disease due
to the dilution effect, even if the agent is still infective
after several hours in seawater. The number of virus
particles meters away from a net pen with salmon
suffering from ISA will certainly be lower compared to
the bath challenge in this study.

The distance of spread of the virus by blood and
feces from ISA infected fish, compared to the spread by
sea lice on infected salmon, is probably very limited.
The importance of algae and zooplankton as an or-
ganic substrate for the spread of the agent has not
been studied, and cannot be excluded from the epi-

zootiology of ISA (Ahne 1985, Cusack & Cone 1985,
1986, Cusack et al. 1988, Mulcahy et al. 1990, Nylund
et al. 1991, 1992, 1993). In the endemic phase of the
disease, sea lice, coprophagy and passive transmission
may all be important. Other possible mechanisms for
spread of ISA have been discussed by Végsholm et
al. (1993).

Future studies on the epizootiology of ISA should
concentrate upon the survival time of the agent in
seawater, sea lice, plankton and organic material. The
possibility that wild fish species, e.g. sea trout, serve as
carriers for the ISA agent should also be investigated.
Today we also lack knowledge concerning the possi-
bility of ISA being present in stored fish destined for
market. However, the ISA virus has been found in
somatic muscle of infected salmon (Hovland et al. in
press, Nylund et al. unpubl.), and as shown in task E
the virus is still present in blood and kidney tissue as
late as 4 d after the fish has been killed. The virus is
still infective even if the low mortalities in the chal-
lenged fish (group IKE and IFE) indicates a low virus
titre at this time. Hence, a major concern is the possi-
bility of spread of the ISA virus via the export of
salmon from areas and fish farms where ISA is known
to occur. Knowledge about this aspect of ISA is of
crucial importance for all countries farming Atlantic
salmon and for salmon farmers in those areas in
Norway where ISA does not occur.
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