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ABSTRACT

We report the infection levels of third-stage anisakid larva in the muscle of the Argentinean hake, Merluccius hubbsi, in
relation to fish size and location in the musculature. The musculature of 42 hake was separated into hypaxial (ventral) and
epiaxial (dorsal) parts and surveyed for nematode larvae. Two anisakid species were detected: Anisakis sp. (prevalence, 52.4%;
mean = SD abundance, 1.2 + 1.7) and Pseudoterranova sp. (prevalence, 9.5%; mean + SD abundance, 0.2 = 0.7). Since
the fish were gutted after capture, the occurrence of anisakids in the flesh indicates that the worms had migrated into the
muscle before capture. The number of Anisakis sp. in muscle was not correlated with fish length or weight. Therefore, fish
size cannot be used as a predictor of parasite loads in the muscle. Only one Anisakis sp. and one Pseudoterranova sp. appeared
in the epiaxial musculature. The density of Anisakis sp. in the hypaxial muscles was significantly higher than that in the
epiaxia ones. This suggests that removal of the hypaxial musculature can reduce the risk of anisakid-induced allergies and

gastrointestinal anisakidoses among consumers.

The Argentinean hake, Merluccius hubbsi, sustains one
of the most important fisheries off Argentina and Uruguay.
This species has been increasingly imported in Spain,
which is the primary port of entry of South American hake
products into the European Union market (1). Although
there are previous studies of anisakids in M. hubbsi (9, 15,
18), none have focused on the occurrence of larvae in the
muscles.

The occurrence of anisakid larvae in the musculature
of commercia fish entails well-known economic and public
health repercussions (4, 16). In addition, recent studies have
revealed a new concern for public health, namely, alergy
caused by consumption (16) or even manipulation of in-
fected fish (2, 6). Apparently, the antigens produced by an-
isakid larvae are thermoresistant (16), and, therefore, com-
mon prophylactic methods (cooking or freezing) may not
prevent alergic reactions among consumers. Therefore,
identifying the factors allowing prediction of parasite loads
in fish muscles becomes highly relevant.

This article reports the infection levels of anisakid
nematodes in the musculature of the Argentinean hake, fo-
cusing on two variables that may easily be used to predict
anisakid abundance in the muscles: fish size and location
(dorsal versus ventral musculature).

MATERIALS AND METHODS

We examined 42 hake captured with fishing lines in the San
Matias Gulf (40°50'-42°15'S, 63°45'—-65°00"W) from June to No-
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vember 1997. The lines were inspected within a maximum of 5 h
after deployment, and the fish captured were subsequently gutted
on board to prevent postmortem migration of anisakid larvae to
the flesh (8, 13, 17). Hake size ranged from 57 to 78 cm (mean
+ SD, 67.5 = 5.7 cm) and weight from 1139 to 3135 g (mean
+ SD, 1893 = 521 g). The fish were air freighted and imported
fresh by a Spanish supermarket company. The hake were exam-
ined for anisakids 3 to 4 days after capture.

The heads and tails were removed from each fish. The re-
maining musculature, which represented about 35% of the total
weight, was separated into the hypaxia (ventral) and epiaxial
(dorsal) regions following the horizontal septum. The former is
often referred to as the **belly flaps” in the seafood industry (see
Romer and Parsons (14) for anatomic details). The nematodes
were detected by digestion of the fish musculature at 55°C for 2
h in a solution composed of 1 liter of distilled water, 30 ml of
35% HCI, and 12 g of pepsin from hog stomach. Since the worms
were found as third-stage larvae and many anisakid species are
formed by complexes of sibling species (see Mattiucci et a (10)
and references therein), specimens were identified to the genus
level only (3).

The terms prevalence (percentage of fish infected with a par-
ticular nematode species per number of fish examined) and abun-
dance (number of individuals of a particular nematode speciesin
a single fish regardless of whether the latter is infected) are used
as defined by Bush et al. (5), but we also use these terms to refer
to nematode larvae in specific locations (e.g., prevalence in the
epiaxia muscles). Density was calculated as the number of nem-
atodes per kg of musculature.

RESULTS

We found 50 Anisakis sp. larvae in the musculature of
22 hake, but only one worm occurred in the epiaxial mus-
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TABLE 1. Infection parameters of Anisakis sp. third-stage larvae in the musculature of 42 Argentinean hake, Merluccius hubbsi.

Abundance Density?
Site Mean = SD (median) [range] Prevalence? mean = SD
Hypaxial muscle 12 = 1.7 (0.5) [0-7] 50.0 (34.9-65.1) 6.1 = 9.0
Epiaxial muscle 0.0 = 0.2 (0) [0-1] 2.4 (0.0-7.0) 0.1 = 05
Muscle (total) 12 = 1.7 (1) [0-7] 52.4 (37.3-67.5) 20 = 27

a Expressed as percentage, with binomial 95% confidence intervals in parentheses.

b Number of larvae per kg of musculature.

cles. (See Table 1 for details on infection parameters.) Sev-
en additional larvae of Pseudoterranova sp. were detected
in the muscles of four hake (prevalence, 9.5%; mean = SD
abundance, 0.2 = 0.7), including one worm in the epiaxial
region.

The density of Anisakis sp. larvae was significantly
lower in the epiaxial muscles than in the hypaxia ones
(Wilcoxon test: z = —4.074, n = 42, P < 0.001). The
abundance of these larvae in the muscle was not signifi-
cantly correlated with body length (Spearman rank corre-
lation: r = 0.191, n = 42, one-tailed P > 0.1) or body
weight (r = 0.159, n = 42, one-tailled P > 0.1).

DISCUSSION

We are not aware of previous surveys that provide in-
fection data for the muscles of the Argentinean hake, and
comparison with other species is difficult because of dif-
ferences in fish processing. Compared with gutted Chilean
hake, Merluccius gayi, the prevalence of Anisakis sp. in the
muscle seems higher in our sample, but the abundance is
very similar in both fish species (8).

The lack of correlation between the abundance of An-
isakis sp. in the muscle and fish size contrasts with obser-
vations in other fish species (4, 11, 12). Anisakis sp. larvae
in fish seem long-lived and accumulate in fish over time
(4). However, this does not necessarily imply accumulation
in the fish muscles. We suggest that whether anisakid loads
in the muscle are correlated with fish size may depend on
host-related differences in migration of the larvae from the
body cavity into the flesh. (See Roepstorff et a (13) for
examples of such differences.)

The fish were gutted on board, and therefore the larvae
of Anisakis sp. and Pseudoterranova sp. had migrated into
the muscle before capture. This has been shown in other
species (13), including the Chilean hake (8). This involves
a potential for alergic reactions among consumers, since
about 50% of the muscles were infected and the global
density was about two worms per kg of flesh (Table 1).
Most worms concentrated in the ventral musculature, up to
seven Anisakis sp. worms occurred there, whereas few oc-
curred in the dorsal muscles. This pattern differs from that
reported in the Chilean hake (7) but is consistent with most
data of other fish species (11, 17).

Two practical conclusions can be drawn from this
study. First, hake size does not seem a reliable variable to
be considered in risk assessment schemes, at least for the
size ranges surveyed here. Second, removal of the belly
flaps in this species seems a good practice to minimize the

risk of alergy and gastrointestinal anisakidoses. Conse-
quently, despite the popularity of hake steaks among Span-
ish consumers, fillets represent a safer product and, there-
fore, a preferable way of commercializing Argentinean
hake.
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