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Larval anisakids from horse mackerel in Portugal
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Summary

Horse mackerel (Trachurus trachurus) obtained monthly
in a fish market of Oporto from October to August were
surveyed for anisakid nematods (Nematoda: Anisakidae) in
muscle and body cavity. The larval anisakids (Anisakis sp.
L; and Hysterothylacium sp. L;) were found in body cavity
but not in muscle. The infection levels of total larval anisa-
kids (prevalence = 38.3 %; mean intensity = 2.2; mean a-
bundance = 0.84), Anisakis sp. (prevalence = 18.7 %; mean
intensity = 2.0; mean abundance = 0.37) and Hysterothy-
lacium sp. (prevalence = 22.0 %; mean intensity = 2.0;
mean abundance = 0.44) were low. Significant positive
correlations were found between host length and Anisakis
sp. occurrence, Anisakis sp. abundance, total larval anisa-
kids occurrence and total larval anisakids abundance. The
variation observed in infection levels throughout the year
was discussed.
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Introduction

Anisakid nematodes (Nematoda: Anisakidae) are common
parasites of marine fish that are used as definitive, inter-
mediate or paratenic hosts. The definitive hosts are usually
the top predators of the food web like marine mammals,
piscivorous birds and piscivorous fishes. Numerous fish
species are paratenic hosts in these life cycles (Dick &
Choudhury, 1999). Larvae of some of these nematodes, li-
ke Anisakis simplex and Pseudoterranova decipiens, can
infect humans after ingestion of raw or undercooked para-
sited fish (Ubeira, 2000).

Horse mackerel, Trachurus trachurus L., is a fish species
where the larval anisakids Anisakis simplex L; and Hyste-
rothylacium aduncum Lz have been described (Sanmartin
et al., 1994; Abaunza et al., 1995; Adroher et al., 1996;
Manfredi et al., 2000; Abollo et al., 2001). The definitive
hosts for these parasite species are respectively marine
mammals and piscivorous fishes. Horse mackerel are pela-

gic fish that eat planktonic crustaceans, squids and small
fish (Whitehead er al., 1986) and may therefore become in-
fected with Anisakis larvae by feeding on euphausiids,
squids or small fish (Smith,1974; Smith, 1983a; Sanmartin
et al., 1994; Abollo et al., 2001) and with Hysterothyla-
cium larvae by consuming euphausiids and copepods
(Smith,1983a; Balbuena et al., 2000).

Although Portuguese population commonly consumes hor-
se mackerel, records about anisakids from this host in Por-
tugal are very scarce (Carvalho Varela & Cunha Ferreira,
1984; Silva & Eiras, 2003).

In the present study larval anisakids were surveyed in hor-
se mackerel from a fish market of Oporto, Portugal, during
eleven months.

Material and Methods

A total of 209 specimens of Trachurus trachurus, obtained
monthly in a fish market of Oporto from October 1998 to
August 1999, were examined approximately 12 to 36 h af-
ter capture, for the presence of anisakids in muscle and bo-
dy cavity. Each specimen was measured, dissected and the
body cavity was examined for the presence of anisakids.
The larvae were removed, killed in hot 70 % ethanol, fixed
in 70 % ethanol and cleared in glycerine. Portions of peri-
visceral musculature of approximately 4 g were digested in
a pepsin HCI solution at 37°C for 7 hours (Sanmartin ef al.,
1994) and observed by stereomicroscope for the presence
of larvae. Additionally, portions of musculature were pres-
sed between two glasses and examined by light microsco-
py. The generic identification of the larvae was based on
the morphologic characteristics according to Grabda
(1991) and Moravec (1994). The prevalence, mean intensi-
ty and mean abundance of Anisakis sp., Hysterothylacium
sp. and total larval anisakids were determined. The above
mentioned parameters were also determined for each host
size class (15.0 - 17.9 cm; 18.0 =209 cm; 21.0 — 23.9 ¢cm;
24.0 - 26.9 cm; 27.0 — 29.9 cm) and for each year season.
The significance of differences between Anisakis sp. and
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Hysterothylacium sp. occurrence, intensity and abundance
were analysed by a Chi-square test (the intensity and abun-
dance values = 4 were combined in the same category).
The correlation between host length and occurrence, inten-
sity and abundance of Anisakis sp., Hysterothylacium sp.
and total larval anisakids were analysed by Gamma corre-
lation (Siegel & Castellan, 1989) using the above defined
host size classes. The Chi-square test was used to compare
the occurrence of Anisakis sp., Hysterothylacium sp. and
total larval anisakids among the year seasons. No statistical
method was used to compare the intensity and abundance
among the year seasons, because the frequencies of a great
number of classes were too small.

Results

Larval anisakids were found in 80 (38.3 %) out of 209 hor-
se mackerel. All the larvae were found in the body cavity
or at the surface of visceral organs and no larvae were ob-
served in the muscle. 78 out of 175 larvae were Anisakis
sp. Ls, 91 Hysterothylacium sp. Ly and 6 larvae were not
identified. Only 6 specimens were infected simultaneously
by Anisakis sp. and Hysterothylacium sp. larvae.

Table 1 shows the prevalence, mean intensity and mean
abundance of Anisakis sp., Hysterothylacium sp. and total

larval anisakids in the overall sample and in each host size
class. No significant differences were found between Ani-
sakis sp. and Hysterothylacium sp. occurrence (° = 0.531,
d.f. = 1, P > 0.05), intensity (x° = 4.541, d.f. = 3, P > 0.05)
and abundance (x2 =15.234, d.f. =4, P > 0.05) in the overall
sample. When horse mackerel samples were partitioned
according to host length, significant positive correlations
were found between host length and Anisakis sp. occur-
rence (G = 0.5232, z = 6.1908, P < 0.05), Anisakis sp.
abundance (G = 0.5563, z = 6.2389, P < 0.05), total larval
anisakids occurrence (G = 0.2767, z = 3.6590, P < 0.05)
and total larval anisakids abundance (G = 0.2367, z =
3.4200, P < 0.05). No significant correlations were found
between host length and Hysterothylacium sp. occurrence
(G =-0.0437, z = -0.4856, P > 0.05), Hysterothylacium sp.
intensity (G = 0.0734, z = 0.5065, P > 0.05) and Hystero-
thylacium sp. abundance (G = -0.0342, z = -0.3962, P >
0.05), as well as between host length and Anisakis sp. in-
tensity (G = 0.3074, z = 1.5956, P > 0.05) and total larval
anisakids intensity (G = 0.0325, z = 0.3026, P > 0.05). The
highest values of Hysterothylacium sp. mean intensity, Hy-
sterothylacium sp. mean abundance and total larval anisa-
kids mean intensity were found in the intermediate host si-
ze class (21.0 - 23.9 cm).

Table 2 shows the prevalence, mean intensity and mean

Table 1. Prevalence, mean intensity and mean abundance of larval anisakids infection in Trachurus trachurus (S.D. - standard deviation,
min. = minimum, max. — maximum) related to host size

Number of fish Prevalence Mean intensity Mean abundance

Infected/Examined (%) + S8.D. (min. — max.) + 5.D. (min. — max.)
Anisakis sp.
Host size class (cm)
15.0-17.9 1/48 2.1 1.0 0.02£0.14(0-1)
18.0-20.9 4/39 10.3 1.0£0 (1-1 0.10+£0.31(0-1)
21.0-239 10/41 244 20£1.89(1-6) 049+ 1.25(0-6)
24.0-26.9 12/58 20.7 25+£3.28(1-10) 0.52+£1.77(0-10)
27.0-299 12/23 52.2 1.9+1.73(1-7) 1.00£1.57(0-7)
Total 39/209 18.7 2.0+£2.25(1-10) 0.37 £ 1.24 (0 - 10)
Hysterothylacium sp.
Host size class (cm)
15.0-17.9 11/48 22.9 1.7£1.01(1-4) 040+ 0.87(0-4)
18.0-20.9 9/39 23.1 1.6+0.88(1-3) 0.36+0.78 (0-3)
21.0-239 8/41 19.5 290+£264(1-7) 0.56 £ 1.60 (0 -7)
24.0-26.9 15/58 259 21+1.53(1-7) 053x1.19(0-7)
27.0-299 3/23 13.0 1.3+0.58(1-2) 0.17+048(0-2)
Total 46/209 22.0 20+ 1.56(1-7) 044+1.09(0-7)
Total larval anisakids
Host size class (cm)
15.0-17.9 13/48 27.1 1.8+ 1.07(1-4) 0.50£0.99 (0-4)
18.0-20.9 12/39 30.8 1.5+0.80(1-3) 046+0.82(0-3)
21.0-239 16 /41 39.0 28+£235(1-7) 1.07£198(0-7)
24.0-269 26 /58 44.8 24+£270(1-11) 1.07£2.15(0-11)
27.0-299 13/23 56.5 21+£1.75(1-7) 1.17£1.67(0-7)
Total 80/ 209 38.3 22+£206(1-11) 0.84+1.66(0-11)




abundance of Anisakis sp., Hysterothylacium sp. and total
larval anisakids as well as the host length in each year sea-
son. The occurrence of Anisakis sp. (x> =9.657, d.f. =3, P
< 0.05), Hysterothylacium sp. (¢* = 10.306, d.f. = 3, P <
0.05), and total larval anisakids (7(2 =14.077,df. =3,P <
0.05) was significantly different throughout the year. The
highest values of mean abundance and prevalence were re-
corded in spring (except for Hysterothylacium sp. preva-
lence which the highest value was found in summer) and
the lowest values in autumn.

low percentages of larvae in muscle may result in a non de-
tection of the parasite in this tissue in moderate size samp-
les showing very low abundances (in present work only 78
Anisakis sp. larvae and 91 Hysterothylacium sp. larvae
were detected in 209 fish).

The reasons for these variations are not clear. It has been
reported post-mortem migration of A. simplex into the flesh
of some host species (Smith & Wootten, 1975; Smith,
1984) and therefore the time interval between capture and
observation (or gutting) may be responsible for the relative

Table 2. Prevalence, mean intensity and mean abundance of larval anisakids infection in Trachurus trachurus and host length (mean + standard
deviation, minimum — maximum) during the sampling period

Host length Number of fish Prevalence Mean Mean
(cm) examined (90) intensity abundance
Anisakis sp.
Sampling season
Autumn 21.3+2.8(17.3-26.2) 49 8.2 1.0 0.08
Winter 244+29(17.8-294) 60 25.0 1.5 0.38
Spring 22.1 £4.1(15.1 -29.5) 60 26.7 2.5 0.67
Summer 19.0 £4.6 (15.6 - 29.9) 40 10.0 2.8 0.28
Total 22.0+4.1 (15.1 -29.9) 209 18.7 2.0 0.37
Hysterothylacium sp.
Sampling season
Autumn 21.3+£2.8(17.3-26.2) 49 10.2 2.8 0.29
Winter 244+£29(17.8-29.4) 60 16.7 2.0 0.33
Spring 22.1 £4.1 (15.1 - 29.5) 60 28.3 1.9 0.53
Summer 19.0 £ 4.6 (15.6 —29.9) 40 35.0 1.8 0.42
Total 22.0+4.1 (15.1 - 29.9) 209 22.0 2.0 0.44
Total larval anisakids
Sampling season
Autumn 21.3+£2.8(17.3-26.2) 49 16.3 2.2 0.37
Winter 24.4+29(17.8-29.4) 60 40.0 1.8 0.72
Spring 22.1£4.1(15.1-29.5) 60 48.3 2.6 1.23
Summer 19.0 £ 4.6 (15.6 - 29.9) 40 47.5 2.1 0.67
Total 22.0+4.1(15.1 -29.9) 209 38.3 2.2 0.84
Discussion

The presence of larvae of Anisakis sp. and Hysterothyla-
cium sp. in horse mackerel is in accordance to the reported
presence of Anisakis sp. (Silva & Eiras, 2003), Anisakis
simplex (Sanmartin et al., 1994; Abaunza et al., 1995; Ad-
roher et al., 1996; Manfredi et al., 2000; Abollo et al.,
2001) and Hysterothylacium aduncum (Sanmartin et al.,
1994; Adroher et al., 1996) in this fish species.

Hysterothylacium sp. and Anisakis sp. were found in the
body cavity but not in muscle. Adroher et al. (1996) repor-
ted absence of Hysterothylacium aduncum in horse mac-
kerel muscle but Sanmartin et al. (1994) found a high per-
centage (38 %) of these larvae in this tissue. Anisakis simp-
lex and Anisakis sp. has been reported in horse mackerel
muscle, but the percentage of larvae found in this tissue va-
ried from very low (1.8 %) to high (41.8 %) values (San-
martin et al., 1994; Adroher er al., 1996; Abollo et al.,
2001; Silva & Eiras, 2003). It must be stressed that very

amount of larvae in muscle. It has been also suggested that
the occurrence of migration into muscle may depend on the
amounts of lipids in this tissue, since migration has been
described in “fatty” species and is absent in “non fatty”
hosts (Smith & Wootten, 1975; Cattan & Carvajal, 1984;
Smith, 1984), but as far as we know no correlation study
has been done between post-mortem migration and the fat
content in specimens belong to the same fish species.
Smith (1984) suggested that the feeding habits of the host
may affect the preferences of the larvae for a microhabitat
(body cavity and visceral organs or muscle) before the
death of the host since species which feed on euphausiids
presented consistently low proportions of larvae in muscle
and piscivorous fishes had larvae more widely distributed.

The relationship between host length and A. simplex infes-
tation level was previously described for T. trachurus by
Abaunza et al. (1995), Adroher et al. (1996) and Manfredi
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et al. (2000), with higher infestation being obtained as
length and age increases. In the present work prevalence
and abundance are significantly correlated to host length
and although intensity does not present a significant cor-
relation, the two lower length classes showed a very low
mean intensities and the three higher length classes higher
mean intensities. As length classes higher than 30 cm (not
inspected in present work, but observed in the above re-
ported works) showed a marked increase in mean intensity,
a positive significant correlation can be expected with the
inclusion of longer fish in the sample.

In contrast, no correlations were found between host length
and Hysterothylacium sp. prevalence, intensity and abun-
dance. Furthermore, the lowest mean intensity was found
in the largest fishes (27.0 — 29.9 cm) and the highest mean
intensity in the intermediate host size class (21.0 — 23.9
cm). This situation contrasts with that recorded by Adroher
et al. (1996) who found an increase of H. aduncum pre-
valence related to the increase of T. rrachurus length, and
the lowest mean intensity in the smallest host size class
(< 23 cm) and the highest mean intensity in fish measuring
29 =30 cm.

The total larval anisakid prevalence and abundance showed
a relationship to host length similar to those described for
Anisakis sp. in the present work. The increase of total lar-
val anisakid prevalence with the increase of host length
was previously described in T. trachurus by Adroher et al.
(1996). The highest mean intensity was found in the
intermediate host size class (21.0 — 23.9 ¢m), which is si-
milar to that observed for Hysterothylacium sp. in the pre-
sent work.

It must be stressed that a relationship between infection le-
vel and age or length of the host can be expected for pa-
rasites like A. simplex which produce a long term infesta-
tion (Koie, 2001). However changes in defence mecha-
nisms or in diet of the host associated with age may disturb
this relationship, since these factors can affect the mortality
rate of the parasite and the recruitment of larvae by inges-
tion of the preceding infected host. The absence of rela-
tionship between Hysterothylacium sp. level of infection
and host length suggest that these factors may be involved.
The seasonal variation in the infection levels is difficult to
analyse due to the different mean host length in the sampl-
ing seasons. However, as the occurrence and abundance of
Anisakis sp. and total larval anisakids are positive corre-
lated to host length, it seems clear that the prevalence and
mean abundance of Anisakis sp. and total larval anisakids
observed during spring and autumn do not present the ex-
pected values for fishes of those sizes. Spring presents
higher values than expected (the mean host length is simi-
lar to the overall mean and prevalences and mean abundan-
ces are higher than those observed in the total sample) and
autumn lower values than expected (host length is similar
and prevalences and mean abundances lower). An abun-
dance peak of Anisakis simplex L; during spring was pre-
viously reported for cod and redfish by Stromnes & Ander-
sen (2000). These authors suggested that an increase of eu-
phausiids associated to an increase in the supply of eggs by
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definitive hosts (northward migrating whales) might be
responsible for this pattern of infection. On the other hand,
Smith (1983b) suggested that seasonality might not be ex-
pected because Anisakis eggs shed from final hosts pos-
sibly throughout the year may develop and hatch at any
time. In the present work it seems premature to discuss the
causes of the observed variation without additional data.
The level of Anisakis sp. and Hysterothylacium sp. infec-
tions observed in present work was generally much lower
than the level of Anisakis simplex and Hysterothylacium
aduncum infections in T. trachurus previously reported in
Spain and Italy (Sanmartin er al., 1994; Abaunza et al.,
1995; Adroher et al., 1996; Manfredi et al., 2000; Abollo
et al., 2001). Geographical differences and size of the fish
inspected may be responsible for this variability. The level
of infections detected in the present work is also lower
than the level of infections previously reported in Portugal
for horse mackerel. Carvalho Varela & Cunha Ferreira
(1984) reported an anisakid prevalence of 51.4 % from
Lisbon fish markets and Silva & Eiras (2003) reported a
prevalence of 76 % and a mean intensity of 6.2 for Anisa-
kis sp. infection from West Portuguese coast specimens
with similar length (mean length = 22.9 cm) to the fish
inspected in the present work. Different feeding areas as-
sociated to different diets composition and therefore dis-
tinctive recruitment of the larvae may explain this discre-
pancy.
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