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Relative resistance of juvenile Atlantic cod 
to oral and immersion infection with VHSV 

mimicking natural routes of exposure
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Abstract
Juvenile Atlantic cod (Gadus morhua) were experimentally infected with a genotype III VHSV 
isolate recovered from wild caught cod in Scotland using oral, immersion and intra-peritoneal 
infection routes. High mortalities and clinical disease occurred in i.p infected fish but no evidence 
of infection was obtained following immersion or oral challenge, despite the use of a highly 
sensitive real-time PCR detection method. Together these results suggest a natural resistance to 
the development of disease in cod following exposure to horizontal transmission of virus under 
simulated natural conditions. However, cod are known to be naturally infected carriers of VHSV 
and as such exposure to and maintenance of VHSV in aquaculture populations could pose a 
potential risk of evolution of new pathogenic variants as has apparently repeatedly occurred in 
the case of marine farmed rainbow trout. 
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Introduction
Viral haemorrhagic septicaemia (VHS) is a 
significant disease of aquaculture which has 
historically affected rainbow trout farmed in 
the freshwater environment. Recent outbreaks 
of disease in cultured turbot (Scopthalmus 
maximus) (Ross et al. 1994) and rainbow trout 
(Onchorhynchus mykiss) (Raja-Halli et al. 2006) 
farmed in the marine environment have 
highlighted the role that marine reservoirs 
of virus may play in the transmission of 
disease. Increasing interest in the commercial 
aquaculture of Atlantic cod (Gadus morhua) has 
raised concerns regarding the susceptibility of 
cod to endemic strains of VHS virus (VHSV). 

Atlantic cod have long been known to be 
potential carriers of VHSV although the 
significance of the first isolation from this 
species in the late 1970s was not initially 

recognised (Jensen et al. 1979). The recovery 
of further isolates from Atlantic cod has left 
little doubt that cod can act as a carrier for this 
virus (Smail 1995, Mortensen et al. 1999, Smail 
2000, King et al. 2001).  Whether VHSV can 
cause natural outbreaks of VHS disease in cod 
remains an important question. Previous work 
indicated that clinical VHS disease and high 
levels of mortality could be induced following 
intra-peritoneal (i.p.) infection of juvenile cod 
with high titres of a VHSV isolate recovered 
from wild caught cod (Snow et al. 2000). 
However, no VHSV-associated mortality was 
obtained using more natural routes of infection 
including cohabitation and immersion, nor was 
the infection of such exposed fish demonstrated 
(Snow et al. 2000). The fact remains, however, 
that VHSV has been repeatedly isolated from 
organ pools sampled from wild asymptomatic 
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fish suggesting a mechanism whereby the 
virus can gain entry and reside within the 
host.  In support of this fact, a follow up study 
investigating susceptibility of cod to a range of 
isolates representing the four identified VHSV 
genotypes by immersion infection resulted in 
two mortalities which were associated with 
the presence of VHS virus (Snow et al. 2005a). 
Since VHSV associated mortality was only 
demonstrated in 2/1254 infected fish it appears 
that cod are, however, largely resistant to 
VHSV following infection via this route (Snow 
et al. 2005a). 

Routes of transmission for VHSV are thought 
to be primarily waterborne, though virus 
uptake via the ingestion of VHSV-infected prey 
species has been demonstrated in predatory 
species (Ahne 1980). Since Atlantic cod is a 
predatory species and a number of its potential 
prey species are known to be infected with 
VHSV including herring (Clupea harengus), 
sprat (Sprattus sprattus) and Norway pout 
(Trisopterus esmarkii) (Smail 1995, Mortensen 
et al. 1999, Smail 2000, King et al. 2001) , this 
may present a mechanism for infection and 
maintenance of a viral reservoir of this species 
in the wild.  Although Atlantic cod appear 
to be largely resistant to VHSV following 
immersion challenge, their high susceptibly 
to VHSV following experimental i.p infection 
renders it important to investigate the potential 
of alternative relevant methods of viral uptake 
such as feeding. This is of particular relevance 
due to the fact that the significance of carrier 
fish with respect to potential disease outbreaks 
in wild fish is difficult to ascertain. 

The aim of this study was to use a previously 
established VHSV infection model to 

investigate the potential role of feeding in the 
uptake of virus in juvenile Atlantic cod. The 
potential uptake of VHSV was investigated 
using a recently developed quantitative 
real-time PCR method which included 
an endogenous control, and represents a 
highly sensitive method of VHSV detection 
(Matejusova et al., 2008)

Materials and Methods
Fish 
Atlantic cod (mean weight 14.25g ± 0.55 
standard error (SE), g) were obtained from the 
Seafish Marine Research Unit, Ardtoe, Argyll. 
Prior to challenge, fish were tested for the 
presence of infectious pancreatic necrosis virus 
(IPNV), infectious haematopoietic necrosis 
virus (IHNV) and VHSV. Organs collected from 
a total of 30 individuals (pooled into 6 samples 
of 5 fish each) were virologically examined 
using previously described methods (Snow & 
Smail 1999). Fish were acclimated for at least 
14 days after arrival at the laboratory where 
they were maintained on a photoperiod of 12h 
of daylight at 10 ± 1°C in aerated sea water 
(flow rate 40 lmin-1 sand filtered from Nigg 
Bay, Aberdeen) and fed a pellet commercial 
diet (Marine CO3; Skretting, UK). 

Cell culture and virus propagation 
The virus isolate selected for use in this study 
was isolate UK-H16/7/95 (Smail 2000) which 
was recovered from wild caught Atlantic cod 
and characterised as genotype III (Snow et al., 
2004). Stocks of virus (pass number 5) were 
grown on the epithelioma papulosum cyprini cell 
line (EPC, pass number 5; European Collection 
of Cell Cultures, ECACC 93120820; Fijan et al. 
1983) in Eagle’s minimum essential medium 
(EMEM; Gibco BRL, Life Technologies, UK) 
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supplemented with 5% foetal bovine serum 
(PAA Laboratories GmbH, Austria) (EMEM-5).  
Virus was stored at -80ºC immediately prior 
to the experimental trial. A single aliquot was 
subjected to a single thaw cycle and titred 
using the TCID50 method (Reed & Muench, 
1938). 

Experimental infection with VHSV
Six groups of cod (n=24) were each held in 
six 30l experimental tanks for the duration 
of the experiment (28d). At the start of the 
experimental period, fish from tank 1 (i.p. 
positive control) were anaesthetised with 
tricaine methane sulphonate (3-aminobenzoic 
acid ethyl ester of MS-222; Sigma-Aldrich 
Co.Ltd, UK) at a concentration of 100mgl-1 
prior to intra-peritoneal inoculation with 
2.5 x 107 TCID50 of isolate UK-H16/7/95 in a 
volume of 100µl. Fish from tank 2 (i.p negative 
control) were treated in a similar manner but 
inoculated with 100µl EMEM containing no 
virus. Fish from tanks 3 (immersion positive 
control) and 4 (immersion negative control) 
were subject to an immersion challenge by 
transfer of the fish into clean polythene bags 
containing 10l seawater. Stock virus was 
added to the bag in tank 3 to give a calculated 
final concentration of 105 TCID50 ml-1 while 
an equivalent volume of EMEM containing 
no virus was added to the bag in tank 4. 
Polythene bags were tied to contain aerosols 
and reduce the risk of cross-contamination 
between tanks. Each tank received aeration for 
the duration of the challenge (5h), after which 
the fish were carefully released from the bags 
into the tanks and normal flow rates (50 l h-1) 
established to raise the volume in each tank 
to its normal level (30l).  Fish held in tank 5 
(oral VHSV treatment) were fed a prepared 

diet of Colorfin daily use reef gel® which was 
reconstituted from dry powder to make pellets 
using virus-containing media according 
to the manufacturer’s instructions (Zoolife 
Aquaria, Zoo and Wildlife Services). The 
feed was mixed at a ratio to give a calculated 
viral concentration of approximately 1 x 107 
TCID50 g-1 feed.  Fish held in tank 6 (oral 
negative control) were fed a similar diet that 
was reconstituted using EMEM containing 
no virus. All feed was re-constituted, stored 
at -80ºC prior to daily use when it was thawed 
and grated into the tank using a course grater. 
Tanks were fed a total of 3g feed each per day 
(approximately 1% body weight/day) for the 
duration of the challenge.

Sampling Regime
Fish were checked twice daily and mortalities 
were recorded, removed, stored whole at 
-80oC and individually sampled at a later date 
for examination using real-time PCR (qPCR). 
Fifty percent of mortalities obtained with the 
positive control i.p treatment (tank 1) were 
sampled following a single freeze-thaw cycle 
for subsequent analysis by qPCR with kidney 
and brain being taken as separate samples.

The experiment was terminated at day 28 
post infection at which point surviving fish 
were euthanased and organs sampled into 
RNALater for primary screening by PCR.  
Kidney only from all negative control i.p 
(tank 2) and immersion (tank 4) survivors was 
sampled with tissue from 6 fish being pooled 
in each case. Kidney from all immersion 
positive control surviving fish (tank 3) were 
sampled individually. Kidney, liver, spleen, 
gut and heart tissues from fifty percent of 
individual negative control orally treated fish 
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(tank 6) were sampled. The same organs were 
sampled from all individual fish sampled from 
tank 5 which contained fish fed with a VHSV-
containing diet.

Real-time PCR screening for the presence of 
VHSV
Tissues were screened for the presence of 
VHSV using a sensitive real-time PCR method 
which has been recently described (Matejusova 
et al., 2008).

RNA Extraction and reverse transcription
Tissue samples were homogenised in 1 ml 
of RLT buffer (Qiagen, UK) for 1min at 30Hz 
using the TissueLyser system (Qiagen, UK). 
Aliquots of lysed tissue representing 5 mg 
of un-lysed tissue were used to extract total 
RNA. The RNA was extracted using the 
Biorobot M48 Workstation (Qiagen, UK) and 
MagAttract RNA tissue Mini kit (Qiagen, UK) 
following the manufacturer’s protocol. Total 
RNA was eluted in 100µl of Molecular Grade 
Water (Sigma). Negative extraction controls 
(designated A controls) were conducted by 
performing blank extractions. Controls were 
taken through all subsequent steps.

Reverse transcription was performed using 
the Taqman® reverse transcription reagent kit 
(Applied Biosystems, UK). Two microlitres 
of total RNA was mixed with 2.5µM random 
hexamers and reverse transcription master 
mix containing 1x RT Buffer, 5.5mM MgCl2, 
2mM deoxyNTPs, 0.4U RNase Inhibitor, 
1.25U Multiscribe Reverse Transcriptase and 
Molecular Grade Water to a final volume of 
25µl. Negative RT controls containing no 
template (designated ‘B’ controls) were also 
introduced at this stage.  The RT reactions 

were incubated at 25 ºC for 10min, 48 ºC for 
30min, and 95 ºC for 2min. 

Real-time PCR 
Multiplex universal European VHSV real-
time PCR (qPCR) reactions with exogenous 
positive control were conducted according to 
Matejusova et al. (2008) in a final volume of 
20µl. An endogenous control reaction targeting 
the Atlantic cod elongation factor 1α (ELF-1α) 
mRNA which is constitutively expressed in 
each host cell was also performed in a separate 
reaction alongside each sample. This ensured 
sample integrity and facilitated the generation 
of quantitative relative viral load data. 

Real-time PCR reactions contained 1µl cDNA 
template, 1 x Taqman Universal PCR 
mastermix (Applied Biosystems, UK), 900nM 
each primer and 250nM of each Taqman 
probe. Primers and probes previously 
designed to detect cod ELF (Das et al., 2007) 
or the VHSV N gene (Matejusova et al., 2008) 
were used. The exogenous positive control 
reaction contained 1µl of positive control 
cDNA, prepared according to Matejusova et 
al. (2008), as a target. Three negative qRT-PCR 
controls containing no target (designated ‘C’ 
controls) were also performed along with each 
qPCR assay.

Results
Experimental infection with VHSV
Mortality in the positive control i.p tank (tank 
1) reached a cumulative value of approximately 
92% by the end of the experiment as indicated 
in Figure 1. 

No mortalities were recorded in either the 
negative control tank i.p treated tank (tank 2) 
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or the immersion negative control tank (tank 
4). A total of two mortalities were recorded in 
tank 3 (immersion VHSV treatment), the first at 
day 13 and second at day 18. A single mortality 
was recorded in each of tanks 5 (oral VHSV 
treatment) and 6 (oral control treatment) at 
day 24 (data not shown).

Real-time PCR screening for the presence of 
VHSV
VHSV specific mortalities
A proportion (50%; n=11) of mortalities 
recorded in tank 1 (i.p positive control) were 
analysed using qPCR on a single plate and 
all fish tested positive for VHSV using qPCR 
in both brain and kidney. Average Ct values 
for detection of VHSV RNA were 27.72 +/- 
1.38 (SE) and 24.94 +/- 0.17 (SE) in kidney 
and brain samples respectively. Average Ct 
values for detection of ELF RNA were 27.13 
+/- 0.85 (SE) and 30.84+/- 0.80 in kidney and 
brain samples respectively. No VHSV RNA 
was detected in the two dead fish obtained in 

the VHSV immersion infected tank (tank 3), 
the single mortality obtained in the group fed 
with VHSV infected material (tank 5) or in the 
single mortality obtained in the control group 
(tank 6).

Survivors
All sampled surviving fish tested negative for 
the presence of VHSV using real-time PCR (n 
= 106).

Discussion
No evidence of mortality or sustained infection 
was demonstrated in Atlantic cod following 
either immersion or oral administration of 
high levels of VHSV. This was despite the 
demonstration that as in previous studies, 
juvenile Atlantic cod were highly susceptible 
following intra-peritoneal injection with 
virus (Snow et al. 2000, Snow et al. 2005a). 
This finding begs the question as to how wild 
Atlantic cod become naturally infected with 
VHSV, as has been widely documented to 

Figure 1. Cumulative percent mortality recorded following experimental intra-peritoneal infection of juvenile 
cod with VHSV isolate UK- H16/7/95. 
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occur (Jensen et al. 1979, Smail 1995, King et 
al. 2001, Skall et al. 2005).

Previous work has shown that cod appear to 
be largely resistant to VHSV in experimental 
challenges mimicking presumed natural 
routes of infection (Snow et al. 2000, Snow 
et al. 2005a). In these experiments however, 
VHSV associated mortalities were detected 
in two mortalities resulting from immersion 
infection of 1254 fish. This indicates, as is 
known from wild fish surveillance work that 
under certain conditions VHSV may indeed 
gain entry to cod via waterborne infection and 
furthermore may cause mortality in this host 
species.

The extent to which waterborne and oral 
infection mechanisms may contribute to the 
observed finding of naturally infected cod 
remains unclear. While waterborne infection 
with VHSV is an established infection method 
for VHSV used in experimental challenges oral 
transmission of VHSV has also previously 
been demonstrated in pike (Esox lucius) which 
were fed VHSV-infected fish (Ahne 1980, 
Snow et al. 2005b).  The inability to establish 
infection of cod in this experiment may have 
been due either to a high minimum infectious 
dose required to establish infection and/or the 
inefficient delivery of virus via this mechanism. 
The only experiments conducted on cod to date 
which have resulted in high levels of mortality 
have all been based on the intra-peritoneal 
delivery of very high levels of virus (over 107 
TCID50 per fish) and the minimum infectious 
dose for cod remains unknown. It may be that 
a high dose is required to overcome the initial 
host response of which innate immunity is 
known to play an important role in protection 

against VHSV in rainbow trout (McLauchlan 
et al. 2003, Acosta et al. 2005). The feeding of 
VHSV containing feed pellets also represents 
an unnatural mechanism which will differ 
from the natural diet in terms of its texture and 
potential to damage the surface epithelium 
of the buccal cavity, which could facilitate 
viral entry. Potential entry points through 
the digestive tract are also unknown and 
protection from acidification in the stomach 
could also play a role in infection. Pellet feed 
is easily digestible and may not offer such 
protection to virus passing through the gut. 

In the case of the related rhabdovirus infectious 
haematopoietic necrosis virus (IHNV), the fin 
bases have been demonstrated to be a major 
portal of entry following immersion exposure 
(Harmache et al., 2006). If oral uptake is not a 
mechanism for infection of cod, then infection 
via specialised cells present in the fins or 
breaks in the skin barrier (eg lesions) could 
play a role. Indeed, VHSV has long been 
associated with the presence of lesions in wild 
fish though a causative relationship has never 
been demonstrated (Jensen et al. 1979, King 
et al. 2001, Skall et al. 2005). VHSV might thus 
represent an opportunistic pathogen in such 
instances.

This study has demonstrated that while cod 
are highly susceptible to VHSV following 
administration of a large viral dose, this 
represents an unnatural means of infection. It 
has further proved difficult infecting cod either 
via an immersion or oral route, though neither 
can be ruled out as potential mechanisms 
of significance in infecting wild fish. The 
difficulty of experimentally infecting fish via 
a range of routes suggests that cod have a high 
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degree of natural resistance to developing VHS 
disease.  This might be expected following 
the co-evolution of host and pathogen in the 
wild, where limited availability of new hosts 
might render killing a host an evolutionary 
dead-end. Caution should be exercised in 
reaching these conclusions, however, based 
on a single experiment using a single isolate 
and single genetic stock and life-stage of 
fish. Indeed, whether early life stage cod 
can be infected and establish a long term 
carrier state remains an important question.  
Furthermore, aquaculture presents a different 
scenario to wild fisheries since it includes a 
high abundance of potential hosts and often 
a selective regime that could favour the rapid 
evolution of RNA pathogens such as VHSV. 
Thus, while cod may be currently difficult to 
infect with VHSV, the maintenance of VHSV 
in aquaculture populations could lead to the 
selective emergence of novel virus strains with 
different virulence properties as has been seen 
within the marine rainbow trout industry. 
Despite the apparent resistance of cod to all 
natural routes of infection, their ability to act 
as a reservoir of potential infection remains 
an important consideration in managing the 
long-term sustainability of cod aquaculture.
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