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Abstract
The tissue distribution of Anisakis simplex was studied in 17 adult Atlantic salmon Salmo salar (1.5-
3.9 kg) recently returned to a Norwegian river. The presence and distribution of nematodes was 

diagnosed by PCR. All 17 Atlantic salmon had A. simplex larvae in the viscera and musculature. The 
A. simplex larvae were found 

in the viscera and 39 % were found in the musculature. The mean number of A. simplex larvae in the 
A. simplex larvae 

in the vent area observed in association with a condition named the red vent syndrome in wild 
A. simplex 

* Corresponding author’s email: tor.a.mo@vetinst.no

Introduction
Fishes in the North Atlantic Ocean are com-
monly infected with larvae of the whale worm 
Anisakis simplex (Rudolphi, 1809; det. Krabbe, 
1878) (Nematoda; Anisakidae) (Strømnes and 
Andersen, 1998; Karl, 2008). This parasite causes 

because of its zoonotic potential. Consump-

salmonids has become increasingly popular 
worldwide and ingestion of live A. simplex 
larvae may cause human anisakiasis (Chai et 
al., 2005; Daschner et al., 2012). 

80%) of the A. simplex larvae are located in the 

viscera (Strømnes and Andersen, 1998; Karl, 
Onco-

rhynchus spp.), the majority (more than 80%) of 
the A. simplex larvae are found in the muscula-

-

are few similar studies in Atlantic salmon (Salmo 
salar
had spent one year at sea (1-SW) from several 
localities in the North West Atlantic Ocean and 
reported mean numbers up to 13 and 9 in the 
viscera and musculature, respectively. Beverley-
Burton and Pippy (1978) examined 70 1-SW 

mean number of A. simplex larvae in the mus-
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-

mean numbers of A. simplex between 17.5 and 
57.1 in the musculature in several samples of 

et al. (2010) did not address the occurrence of 
Anisakis larvae in viscera.

A condition named red vent syndrome (RVS) 
has recently been described in returning wild At-
lantic salmon (Beck et al., 2008). Large numbers 
of A. simplex larvae have been found in the 
tissues surrounding the anus, resulting in a red, 
swollen vent area (Beck et al., 2008; Noguera et 
al., 2009; Mo et al., 2010). The role of Anisakis 
larvae in this new manifestation can only be 
surmised. However, in salmon with RVS, the 
larvae do appear to aggregate in the perianal 
tissue (Noguera et al., 2009). We hypothesize 
that the higher numbers of larvae seen around 

this, we examined Norwegian wild salmon for 
the presence and distribution of Anisakis larvae 

Material and methods
Between June and December of 2009, 17 wild 

trap at the waterfall Hellefossen on the Dram-
menselva river, south-east Norway (59°47’13”N, 

upstream migration from the Atlantic Ocean. 
Only small salmon (1.5 kg-3.9 kg) were sampled 

their weight most if not all, had most likely 
been feeding one year in the sea (Bacon et al., 

the head and frozen at minus 80°C within 90 

healthy although 5 had swollen vents.

After thawing, the weight was recorded and 
-

vidually digested (see below) to quantify the 
number and distribution of anisakid larvae. 
A piece of tissue surrounding the anus, the 
vent, was dissected out (Figure 1) and digested 
separately in order to compare the number 
of anisakid larvae in the vent area with the 
number in the remaining musculature and the 
viscera. The viscera (stomach, gut, liver, spleen, 
gonads) were pooled and digested as one part. 

of anisakid larvae. The skin was removed and 

ease the digestion (Figure 1). 

The musculature, vent and viscera were digest-
ed using an enzyme digestion method (Jackson 
et al., 1981; Lunestad, 2003). The digestion was 

500 ml of tap water and 4 g of pepsin (Pepsin A 
1:10000 NF granulate from Biotec Marine Bio-

-
tion to adjust the pH to between 3 and 4. Each 
solution was continuously stirred and kept at 
40°C using thermostat-heated, magnetic stirrer 
plates, for approximately 12 hours. When the 
digestion was completed, the hydrolysate was 

Trapped parasites were transferred to a black 

All anisakid larvae had similar size and were 
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tentatively assigned to the genus Anisakis by 
visual gross morphology and length (Smith, 
1983). A subsample of ten anisakid larvae from 

molecular methods. A small piece of each speci-

solution (Sigma-Aldrich). DNA from each nem-
atode was then extracted on a GenMole (Mole 
Genetics) using the Mole Genetics DNA Tissue 
Kit and the DNA tissue protocol. Approximate-

-

-

(2010). PCR products were sequenced using 
the PCR primers by a commercial company 
(Macrogen Inc., Seoul, Korea). The obtained 
sequences were proof-read in Vector NTI 11 
and compared with previously characterized 
sequences of anisakid nematodes via a BlastN 

Statistical tests were done in JMP® 9.

Results
Of the 170 specimens included in the molecu-

were subjected to DNA sequencing of the CO2 

Anisakis simplex 
sensu stricto through the BlastN search.

A. simplex larvae were found in the viscera and 
musculature in all the 17 Atlantic salmon ex-

in the viscera while the remaining 598 (39.2 %) 
larvae were found in the muscles and the vent 
area. The mean number of A. simplex larvae in 
the viscera was 54.5 and in the musculature 
(including the vent) 35.2. A total of 387 (25.4 %) 
A. simplex larvae were found in the musculature 
and 211 (13.8 %) larvae were found in the vent. 
The mean number of larvae in the musculature 
(excluding the vent) was 22.8 and in the vent 

-
tions between the total number of A. simplex 

the viscera, the musculature (including and 

P<0.05). There were no correlations between 

Figure 1.
and the vent (V) used for digestion.
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the number of larvae in the viscera and the 
musculature (including and excluding the vent) 

of A. simplex larvae in the musculature and 

of Anisakis simplex larvae per kg musculature 
(vent excluded) varied between 5.5 and 29.5, 

Discussion
Anisakis simplex 

sensu stricto, were found in the viscera and the 
musculature of all the 17 Atlantic salmon from 
the Drammenselva river. As A. simplex is a 
marine parasite, the salmon became infected 

during their feeding in the Atlantic Ocean.

There are few studies on the distribution of A. 
simplex in the tissues of Atlantic salmon. Pippy 

spent one year at sea (1-SW) from several North 
Atlantic localities and observed mean numbers 
of A. simplex between 2 and 13 in the body 
cavity and between 2 and 9 in the musculature. 
Beverley-Burton and Pippy (1978) examined 
70 1-SW salmon and reported an average of 

A. simplex larvae in the viscera and 
musculature, respectively. In a recent study, 

only and reported a mean number of A. simplex 

Table 1. Weight and the number of Anisakis simplex (A.s.
sampled in the Drammenselva river. 

Salmon kg)
Total A.s. 

larvae

No of A.s. 
in the 

viscera

No of A.s. 
in the 

musculature

No of A.s. 
in the 

vent

Total weight 

musculature

No of A.s.
 per kg 

musculature
1 1.5 23 17 5 1 0.9 5.5
2 2.1 98 84 10 4 1.2 8.4
3 2.3 57 5 1.4
4 2.3 11 4 7 0 1.3 5.5
5 2.3 35 19 0 0.8 20.0

39 10 27 2 1.2 22.0
7 18 8 10 0 1.3
8 2.8 93 23 8 1.4
9 2.9 84 19 15 50 1.4

10 3.0 314 275 34 5 20.8
11 3.1 130 103 24 3 1.3 18.2
12 3.1 23 10 11 2 1.2 9.1
13 3.2 79 30 43 1.5 28.0
14 3.2 71 47 21 3 1.7 12.3
15 3.5 51 44 7 0 1.0

3.5 172 39 27 2.0 19.3
17 3.9 72 59 95 2.0 29.5

Total no of A. simplex 1524 926 387 211 - -
Mean no of A. simplex 89.6 54.5 22.8 12.4 - 16.7
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number of larvae found in the musculature 
of each salmon presented in an appendix to 

was 39.4 (our calculation). In our study the 
mean number of A. simplex larvae in the viscera 
and musculature of Atlantic salmon was 54.5 
and 35.2, respectively. This is almost 10-fold 
the number of larvae found in the viscera and 
musculature reported in earlier papers (Pippy, 

similar to the number of larvae found in the 

al. 2010, this study), the salmon examined had 
been approximately one year at sea and were 
of similar size.

A. simplex larvae from the 
viscera and musculature, respectively, in 70 
Atlantic salmon. This is equal to the distribution 
of A. simplex larvae in the 17 salmon included 
in our study. However, Beverley-Burton and 

A. simplex larvae in the visceral organs 
and the musculature, respectively, while the 
corresponding numbers in our study were 54.5 
and 35.2 (including larvae in the vent). Even 
though the number of A. simplex larvae is almost 
10-fold higher in our study, compared to the 
data presented by Beverley-Burton and Pippy 
(1978), the larger number of A. simplex larvae 

versus the musculature in the Atlantic salmon.

In recent studies, large numbers of A. simplex 
larvae have been found in the vent area (Beck et 
al., 2008; Noguera et al., 2009; Mo et al., 2010). 

This was not reported in earlier studies and the 
explanation for this could be that the number A. 
simplex in the tissue surrounding the anus were 

in the vent area. Larger numbers of A. simplex 
larvae in salmon may have resulted in larger 
numbers of larvae in the tissue surrounding the 
anus, with a resultant red and swollen vent. In 

between the total number of A. simplex larvae 
in the salmon and the number of larvae in the 
vent, and compared to the number of A. simplex 
larvae reported by Beverly-Burton and Pippy 
(1978), we observed almost 10-fold more larvae 
in salmon. Thus, the occurrence of A. simplex 
larvae in the tissue surrounding the anus, may 
not be a new site for this parasite in salmon as 
suggested in several papers (Beck et al., 2008; 
Noguera et al., 2009; Mo et al., 2010). It could 

of Anisakis 
induced by earlier migrating parasites may 
make the pyloric ceca an inhospitable environ-
ment for further migrations and thus, worms 
ingested later may have to pass further down 
the intestinal tract before they migrate into the 
abdominal cavity (Murphy et al., 2010). This 

of A. simplex larvae in the tissue surrounding 
the anus.
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