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Abstract
Red vent syndrome (RVS) in returning wild Atlantic salmon Salmo salar L. is associated to 
accumulations of the nematode Anisakis simplex in the vent area. RVS appears to be an emerging 
problem and has been diagnosed in England, Scotland, Ireland and Iceland in recent years. 
This paper documents the occurrence of RVS in returning salmon in 8 rivers in samples from 11 
Norwegian rivers.
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Larval nematodes of the genus Anisakis 
(Nematoda: Anisakidae) occurs in numerous 
species of marine fish worldwide (Davey, 
1971; Smith and Woo�en 1984). A. simplex is 
widespread in both the North Atlantic and 
North Pacific Oceans north of 35 ºN. The 
life cycle is complex and involves marine 
mammals (eg cetaceans) as the definitive host, 
and fish, squids and planktonic crustaceans 
as intermediate hosts for the larval stages. 
Larvae penetrate the gut wall and become 
encapsulated in or on the tissues of the body 
cavity and somatic muscle. Humans may 
become accidentally infected by eating raw 
or undercooked seafood (first of all fish 
muscle – fillet) containing infective third-stage 
larvae. Anisakis spp. has not been reported 
in farmed Atlantic salmon (Salmo salar L.) 
(Lunestad, 2003), but occurs in the viscera and 
muscle of wild Atlantic salmon in the North, 
West and East Atlantic (Huss and Embarek, 

2003), on the Norwegian west coast (Bristow 
and Berland, 1991), and in sockeye salmon 
(Oncorhynchus nerka) in the North Pacific 
Ocean (Deardorff and Kent, 1989). Reports 
of a syndrome characterized by swollen and 
red or haemorrhagic vents of wild returning 
Atlantic salmon in several English and Sco�ish 
rivers prompted investigations that resulted in 
reports of Red Vent Syndrome (RVS) associated 
with unusual location of Anisakis simplex in 
the vent area (Beck et al., 2008; Noguera et al., 
2009). More than 80 rivers were reported to be 
affected and anecdotal reports also indicated 
that salmon in Icelandic and Irish rivers were 
affected (see Noguera et al., 2008). 

In response to the findings of RVS in England 
and Scotland investigations were undertaken 
in the summers of 2008 and 2009 in order 
to map the possible occurrence of RVS in 
Norwegian salmon rivers. 
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Vials of 50ml with 10% neutral buffered 
formalin and 96% ethanol were distributed 
to selected anglers together with wri�en 
information about the project, detailed 
guidelines for sampling and a questionnaire. 
Salmon anglers were asked to cut out the 
vent area of wild Atlantic salmon and split it 
longitudinally into two parts, preserving one 
in formalin and the other in alcohol. They were 
also asked to record the length and weight of the 
fish, gender and abnormal findings in the vent 
area. Some also took pictures of the sampled 
fish. A total of 101 vents were analyzed from 
11 different locations randomly distributed 
along Norway (Figure 1). The majority of the 
fish were taken by sportfishing, while the 5 
fish from location no. 4 were caught in bag-
nets in the �ord outside the estuary of a major 
salmon river. The vents received were from 
fish caught between June and December 2008, 
and June to August 2009.

Formalin-fixed samples were processed for 
histology using standardized methods and 
paraffin-embedded. Sections of 3 to 4μm  
were stained with haematoxylin and eosin 
(H&E) and Martius Scarlet Blue (MSB). 
Nematodes in the tissues were identified by 
their multilayered acellular cuticle, lateral 
cords and pseudocoelom (Bruno et al., 2006).

A subsample of one nematode from each of 16 
fish from six different rivers were identified to 
species level by PCR and sequencing of partial 
mitochondrial cytochrome oxidase 2 (CO2).

The larvae were removed from the fish tissue 
and cut into two or three smaller pieces and 
lysed overnight at 56ºC in 150μl of Mole® 
lysis buffer and 15 μl of Proteinase K solution 

(Sigma-Aldrich). DNA from each nematode 
was then extracted on a GenMole (Mole 
Genetics) using the Mole Genetics DNA 
Tissue Kit and the DNA tissue protocol. PCR 
reactions were done using Illustra PuReTaq 
Ready-To-Go™ PCR Beads (GE Healthcare). 
Each reaction contained 1 μl of the forward 
primer, 1 μl of the reverse primer, 3 μl of the 
reverse primer, 3μl of the template DNA and 
20 μl of sterile water. 

Approximately 600 bp of the partial CO2 gene 
was amplified using the reverse primers 210 
(5’-CACCAACTCTTAAAATTATC-3’) and a 
modified version of forward primer 211; 211B (5’-
TTTTCTGGTTATATGGATTGATTTCA-3’), 
from Nadler and Hudspeth (2000). PCR 
amplification was carried out with a 
denaturation at 94ºC for 4 min, followed by 
35 cycles at 94ºC for 30 sec, 45ºC for 30 sec, 
72 ºC for 50 seconds and a final extension at 
72ºC for 5 min.

PCR products were purified using a 
NucleoSpin® Purification Kit (Macherey-
Nagel) following the manufacturer ’s 
recommended protocol and shipped to 
Macrogen Inc. (Seoul, Korea) for sequencing. 
All reactions were sequenced using the 
PCR primers. The obtained sequences were 
proof-read in Vector NTI 11 and compared 
with previously characterized sequences of 
anisakid nematodes in GenBank (h�p://www.
ncbi.nlm.nih.gov/Genbank/).

From the 101 vents histologically analyzed, 
50 were positive for nematodes (Table 1). 
Characteristic cross- and longitudinal sections 
of Anisakis larvae were identified throughout 
the tissues of the vent area. The tissue response 
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was variable; from moderate to severe with 
extensive inflammation. Encapsulated larvae 
were o�en surrounded by a granulomatous 
connective tissue reaction, melanin-containing 
cells, eosinophilic granular cells (EGC) and 
macrophages (Figure 2). Congestion and 
haemorrhage was evident in several fish. 

Sequences of CO2 were obtained from all 
specimens included in the molecular analysis. 
The sequences identified all specimens as 
Anisakis simplex sensu stricto and showed the 
highest similarity to CO2 sequences (GenBank 
accession numbers GQ338428 – 338436) from 
Anisakis simplex sensu stricto recovered from 
Atlantic salmon in the northeast Atlantic 
ocean (Murphy et al., 2009). 
These findings confirm the occurrence of 
Anisakis simplex associated with vent lesions in 

Table 1. Sampling locations, coordinates, date 
and number of positives/total number of sampled 
salmon.

River 
no. Location Date Pos/N
1 70º 55’ N 27º 51’ E Aug. 2009 0/5

2 69º 14’ N 18º 31’ E Aug. 2008 1/1

3 69º 13’ N 15º 51’ E Jul. 2009 0/4

4 64º 37’ N 10º 52’ E Jun. 2009 4/5

5 63º 46’ N 11º 30’ E Jun. 2008 5/11

6 60º 34’ N 05º 48’ E Oct. 2008 8/16

7 59º 08’ N 06º 13’ E Jun. 2008 7/10

8 59º 12’ N 09º 29’ E Jun. 2008 9/20

9 59º 03’ N 10º 04’ E Aug. 2008 9/19

10 59º 47’ N 09º 53’ E Dec. 2008 7/9

11 58º 54’ N 11º 31’ E Aug. 2008 0/1

Figure 1. Map of Norway showing rivers investigated for RVS. Numbers are identical to river no. in Table 1.
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returning wild Atlantic salmon in Norwegian 
rivers from 59º N to 69º N. With a prevalence 
of close to 50% it can be concluded that the 
condition is commonly occurring in salmon 
from rivers along the Norwegian coast. Parasite 
location and lesions were similar to those 
described by Beck et al. (2008) and Noguera 
et al. (2009) and confirms the presence of 

RVS in Norway. The reasons for the unusual 
location of the larvae and the apparent onset 
of an identical condition in salmon of the 
North Atlantic Ocean can only be surmised. 
Factors like ocean warming, alterations in the 
feed composition of the salmon and changing 
migration pa�erns (Todd et al., 2008) could 
be of significance as discussed by Noguera et 

Figure 2. Cross view of vent area of Atlantic salmon with red and swollen vent. Cross sections of Anisakis 
simplex in muscle and connective tissue in the vent area of an Atlantic salmon with RVS. Bar = 200 μm. 



Bull. Eur. Ass. Fish Pathol., 30(5) 2010, 201

al. (2009). Murphy et al. (2009) diagnosed A. 
simplex larvae in post-smolts collected during 
experimental trawling on the continental 
shelf edge off Ireland in May. This finding 
indicates that the fish become infected early 
during their salt-water life. The significance 
of RVS for salmon survival and reproduction 
is still to be elucidated, but no hard evidence 
has so far shown negative effects on spawning 
behaviour. The possible effects on ocean 
survival can only be surmised, but such a 
massive parasitic burden is hardly positive 
for a host species already compromised and 
threatened by several factors. 
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