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Abstract Horse mackerel Trachurus trachurus from 'y
the fish market in Granada, South Spain, were surveye
for anisakid nematodes. The fish came from fishing postSotal of 360Trachurus trachurusvere randomly collected from

all over the country. Larval anisakids were found ihe Granada fish market from January to December 1990, with the
39.4% of the fish examined. In all. 26.1% were infect®qt of origin being noted. Each fish was measured for its length

- . . S and dissected. Viscera and musculature were digested separately
with third-stage larvae (L3s) dinisakis simplex0.3%, i3 pepsin HCI solution at 37°C; viscera were digested for

with A. physeterisL3s; 31.1%, withHysterothylacium 60-75 min and the musculature, for 2—4 h. The parasites were col-
aduncumL3s; and 1.7%, with fourth-stage larvae (L4d§cted from digested material. After being washed in a 0.9% NaCl
of Hysterothylaciurmsp. Horse mackerel from Mediterrasolution and observed under a light microscope, the parasites were

: in a solution comprising 9 parts 70% ethanol to 1 part glyc-
nean Sea coast ports (South and Southeast Spain) ha rm and then cleared in glycerin (Neveu-Lemaire 1936). Larvae

lowest levels of infection and those from Cantabrian Sgare then identified (Ruiz-Valero et al. 1992) according to struc-

coast ports (North Spain) had the highest levels. Variaral features (Hartwich 1974; Yoshinaga et al. 1987; Petter and

tions in infection levels with host size (age) and seas'kﬂﬁ!”?fd 19&8)_ bukt_ were r|]0)tf antt'ﬂhlyzg% as t?_ tthe pOfS’SAIble dg%netlc
A variation of Anisakis simplexor the differentiation of A an

of capture were surveye:-. populations (Nascetti et al. 1986).

gterials and methods

Introduction Results

The Anisakidae are ascaridoid nematodes that parasitiaeval anisakids were found in 142 (39.4%) of 360 horse
fish, mammals, birds, and, rarely, reptiles (Hartwiainackerel examined in 1990. Of the 6,075 anisakids re-
1974). Although the life cycles of many anisakid speciesvered, 432 werdnisakis simplex3s, 1 was an L3 of
are not completely understood, it is known that maride physeteris 5,631 wereHysterothylacium aduncum
fish can act as intermediate, paratenic, or definitils, and 11 werélysterothylaciunsp. L4s. The respec-
hosts. Although larval anisakids commonly infect contive prevalence oA. simplexA. physeterisH. aduncum
mercially important marine fish species, there are few aed Hysterothylaciunsp. was 26.1%, 0.3%, 31.1%, and
cords of their occurrence in marine fish from Southwek{7%.
Europe (Carvalho-Varela and Cunha-Ferreira 1984; San-
martin et al. 1989).

In the present study we surveyed anisakids in ho

mackerel,Trachurus trachurusfrom the fish market in When horse-mackerel samples were partitioned accord-
Granada, South Spain. Spain, especially in the coastalat-+5 geoaraphic oriain. it became apparent ter-
ea, has a traditional gastronomy based on fish, and horse geograp gin. P by

mackerel is frequently consumed. The fish market of

Granada was considered suitable for the survey becalshte 1 Geographic variations in the prevalence of larval anisa-
it is an important fish-distribution center where 1,12dds in horse mackereND Not detectec’

metric tons of horse mackerel were sold during 1992.

I%gographic variation in infection levels

Anisakis Hysterothylacium Hysterothylacium

simplex aduncum sp.
F.J. Adroher [(]) - A. Valero - J. Ruiz-Valero - L. Iglesias Cantabrian Sea 495% 82.3% ND
Departamento de Parasitologia, Facultad de Farmacia, Atlantic Ocean 36.0% 22.0% ND
Universidad de Granada, E-18071 Granada, Spain Mediterranean Sea 6.3%  5.6% 4.2%
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Table 2 Length of parasitized and nonparasitized horse macker&hble 3 Variation in the prevalence of larval anisakids in horse
(NSNonsignificant difference according to studentdsst)

mackerel with host lengt{ND Not detectec’

Length of fish (cm) Parasite Length of fish (cm)

Parasitized Nonparasitized <23 23-24 25-26 27-28 29-30 >30
Jan 25.0+4.5 (16) 19.5+4.2 (14)* Anisakids 9.0 60.7 718 736 733 905
Feb 28.3£2.8 (9) 23.2+5.4 (13)* Hysterothylaciunsp. 3.2 ND ND ND ND ND
Mar 29.3+3.1 (11) 21.4+9.1 (8)* H. aduncum 26 393 615 585 733 90.5
Apr 23.6x1.4 (7) 16.045.5 (21)* A. simplex 42 429 487 585 433 524
May 25.6+3.3 (20) 19.6+6.3 (38)* Two species 1.1 214 385 434 433 524
Jun 27.4+2.2 (11) 16.0+4.6 (9)*
Jul 24.9+4.8 (11) 14.1+2.6 (20)* (3 Results are expressed as percentages of the parasitized fish
Aug 27.145.9 (7) 15.7+3.1 (24)* (P) Parasitized byl. aduncumandA. simplexsimultaneously
Sep 26.3+4.7 (17) 16.3+1.2 (19)*
Oct 27.1+3.0 (15) 18.9+4.0 (28)*
Nov 28.7+4.8 (12) 19.6+4.2 (10)* othylaciumsp. were found only in horse mackerel from
Dec 22.8+4.3 (6) 19.0£3.7 (1%  vaditerranean harbors but that fish from Cantabrian
Mearp 26.3%1.9 (12) 18.3+2.6 (12)*

(8 Results are expressed as mean values #$D (
(°) Mean of the mean value for every month + SD (12 months)
(*) P<0.05 according to Studentsest

Mean intensity

Mean intensity

Fig. 1A,B Variation in the mean intensity of larval anisakids wit
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ports had the highest level of infection overall (Table 1).

Variation in infection levels with host length

Table 2 compares the lengths of parasitized and nonpara-
sitized fish, whereas Fig. 1 shows the variation in para-
site mean intensity with host length. The intensityHof
aduncumwas greatest in fish measuring 29-30 cm in
length (mean intensity, 64.2; range, 1-300); the mean in-
tensity of A. simplexlarvae was 4.8 (range, 1-25).
Parasitized fish measuring >30 cm in length were infect-
ed with 7.3 (range, 2—-22) larvae Af simplexand with
49.9 (range, 1-174). aduncuniarvae.

The prevalence dfl. aduncumandA. simplexin fish
measuring >30 cm in length was 90.5% and 52.4%, re-
spectively (Table 3). However, all fish parasitized by L4s
of Hysterothylaciumsp. were <20 (range, 14-20) cm
long. Finally, all fish measuring <13 cm in length were
uninfected.

Seasonal variation in infection levels

Anisakid mean intensity varied throughout the year
(Fig. 2). Hysterothylaciumsp. occurred in horse macker-
el only from September to January. The highest levels of
anisakid infection were found in large fish marketed in
March and June (Fig. 3).

Distribution of anisakids in fish tissues

The distribution of larval anisakids in horse-mackerel tis-
sues is illustrated in Table 4. Wherefs simplexoc-
curred mainly in the abdominal cavity of fish parasitized
by this worm,H. aduncumand Hysterothylaciumsp.
showed a similar distribution both in the body cavity and
in visceral organs. On&. physeterid 3 and fiveHyster-
pthylacium sp. L4s were found in the body cavity,

the length of horse mackereh Hysterothylacium aduncunB Whereas siHysterothylaciunsp. L4s occurred in viscer-
Anisakis simple::

al organs.
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Fig. 3 Seasonal variations in the length of horse mackéaats(
and in the prevalence of larval anisakitisaggles Prevalence of
H. aduncumandcirclesprevalence oA. simpleX

Table 5 Prevalence of anisakid infection according to the location
of the parasite in horse macker@D Not detectec’

A. simplex H.aduncum Hysterothylacism

Body cavity 83.0% 81.2% 50.0%
Organs 45.6% 58.9% 50.0%
Muscular tissue  3.3% ND ND

aData express the percentage of fish with larvae in each location

Discussion

Horse mackerel are pelagic fish that eat small fish and
planktonic crustaceans (Muus and Dahlstrgm 1966) and

Fig. 2A,B Seasonal variations in the mean intensity of larvahay therefore become infected witknisakis simplex

anisakids. A Hysterothylaciunsp. Circles). A.simplex(asterisks.
B H. aduncur

andHysterothylacium aduncubarvae by consuming eu-
phausiids, which are intermediate hosts of these nema-
todes (Smith 1983).

Table 4 Distribution of larval anisakids in horse-mackerel tissues Sanmartin et al. (1989), who previously surveyed

(ND Not detectec?

A. simplex H.aduncum Hysterothylacism.

Body cavity 61.2 48.3 45.5
Organs 37.0 51.7 545
Muscular tissue 1.8 ND ND

aData express the percentage of larvae in each locstion

Prevalence of anisakid infection according
to the location of the parasite in fish

From Table 5 it can be seen that béathsimplexandH.

anisakids inTrachurus trachurugrom Northwest Spain,
found that the prevalence Af simplexandH. aduncum
was 43.9% and 78.0%, respectively. These records are
similar to those we found in fish from the Cantabrian Sea
coast (North coast of Spain; prevalende: simplex
49.5%;H. aduncum 82.3%; Table 1). In Portugal, Car-
valho-Varela and Cunha-Ferreira (1984) have reported an
anisakid prevalence of 51.4% in horse mackerel from
Lisbon fish markets, which is higher than that we found
in fish from the Atlantic Ocean coast (West and South-
west coast of Spain; Table 1). Similarly, Huang (1988)
observed an anisakid prevalence of 62.5%. imachurus
from Paris fish markets. Our results indicate that horse

aduncum occurred mainly in the body cavity ofmackerels from the western Mediterranean Sea have
horsemackerel. Moreover, approximately equal propdower levels of anisakid infection than do fish from other
tions of infected fish presented parasites in their viscecahsts of Spain (Table 1).

organs. However, the muscular tissue of fish was gener\We observed that infected fish were significantly larg-

ally not parasitized.

er than uninfected fish (Table 2) and that variations in the
length of fish sampled each month coincided directly
with variations inH. aduncunprevalence throughout the
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year, whereas iA. simplexthey coincided especially be-peferences

tween March and September (Fig. 3). Furthermore,

anisakid mean intensity was higher in the second halfg@foner FJ, valero A, Wolff M, Ruiz-Valero J (1991) Mantenimi-
the year (Fig. 2). We also observed that parasite mearento y ecdisis in vitro delysterothylacium aduncumiCASEP
intensity varied directly with the length (age) of horsgarl/'a\llﬁi)e?/graélz??/?lné&ﬁr?ajLlélt}e/}rFe)irlzfA{/ (1984) Larva migrans vis
mac_;kerel, at least ia. simplex(Fig. 1). A.CC.Ordm.g Fo ceral porAnisaIéise outros ascarideos: helmintozoonoses pot-
Smith and Wootten (1978), seasonal variations in infec- enciais por consumo de peixes marinhos em Portugal. Rev
tion levels are probably due to changes in the populationport Cienc Vet 79:299-309

of infected euphausiids in the zooplankton. Grabda J (1974) The dynamics of the nematode lavaisakis

i iati i simplex (Rud.), invasion in the south-western Baltic herring
Grabda (1974) studied variations in the prevalence of (Clupea harengu.) Acta Ichthyol Piscatoria 4:3-21

An'sak'sw'th host size In herrings. Sh? found that hefraryich 6 (1974) CIH keys to the nematode parasites of verte-
ring measuring >30 cm in length were infected more fre- prates. In: Anderson RC, Chabaud AG, Willmott S (eds) Keys
quently than those measuring <30 cm in length and thatto genera of the Ascaridoidea, no. 2. CAB, Slough, iv + 15 pp
herring that were <20 cm long were not infected. Sintitang W (1988) Anisakides et anisakidoses humaines. Deuxieme

. L : _partie: enquéte sur les anisakidés de poissons commerciaux du
larly, in our study the anisakid prevalence in horse mack- o2 ha parisien. Ann Parasitol Hum Comp 63:197—208

erels measuring <23 cm in length was only 9% as Qigus BJ, Dahlstrom P (1966) Guide des poissons de mer et
posed to 90.5% in those measuring >30 cm in length péche. Delachaux & Niestlé, Neuchatel, Switzerland
(Table 3). Nascetti G, Paggi L, Orecchia P, Smith JW, Mattiucci S, Bullini L

; ; ; ; (1986) Electrophoretic studies on tAaisakis simplexcom-
Given the high level of Infectl_on, horse.mackerel plex (Ascaridia: Anisakidae) from the Mediterranean and
serve as a good host for anisakids, especiallyHor  North-east Atlantic. Int J Parasitol 16:633-640
aduncum(prevalence, 31.1%; mean intensity, 50.3). Lakeveu-Lemaire M (1936) Traité d’helminthologie medicale et ve-
vae were found in the body cavity and viscera but were terinaire. Vigor Freres, Paris

i tter AJ, Maillard C (1988) Larves d’ascarides parasites de pois-
seldom observed in the skeletal musculature (Table Iiﬁ'sons en Méditerranée occidentale. Bull Mus Natl Hist Nat Par-

The prevalence oA. simplexwas 26.1% and its mean 5’4 ’ser 10 [A]:347-369
intensity was 4.6. Although some larvae were found Ruiz-valero J, Valero A, Adroher FJ, Ortega JE (1992) Presencia
muscles, most occurred in the body cavity (61.2%; Table de ascaridos en peces comerciales de frecuente consumo en
4). These results are similar to those reported by Huanggraf”ada-D'“: tHer[')‘agddez'FFfol\‘/’lr'%‘ﬂez SG(,Ed) In memoriam é”"
(1988). In addition, most of the infected fish harbored g gaps s%(;i%r op 335 agg | nez bomez. niversidad de
anisakid larvae in their body cavity (Table 5). Sanmartin ML, Quinteiro P, Ubeira FM (1989) Nematode para-
In summary, 39.4% of the horse mackerel surveyed in sites of commercially important fish in NW Spain. Dis Aquat
the present study were parasitized by anisakid Iarvg’%itohr%\x7a_9787?%nisakis simpleXRudolphi, 1809, det. Krabbe
There is no evidence thatysterothylaciumlarvae are 1878) (Nematoda: Ascaridoidea): morp'hology’ and'morphor’ne-
pathogenic in humans or that these nematodes can evefly of |arvae from euphausiids and fish, and a review of the
survive at human body temperature (Huang 1988). Adro- life-history and ecology. J Helminthol 57:205-224 _
her et al. (1991) reported that the optimal temperat®ith JW, Wootten R (197@nisakisand anisakiasis. Adv Parasi-
for the survival ofH. aduncumin vitro was 16°C and Ito' 16:93-163 i ) )
that this nematode survived for only a few hours at 37°G &0 A Mira J, bérez R, Sanz J, Geraldia M, Garcla J, Garcla P
W only ' - Adroher FJ (1992) Descripcién de un caso de anisakiosis hu-
However, the pathogenicity éisakislarvae in humans  mana. Proceedings, IX Reunién Cientifica APE, Le6n, Spain,
is well known. A human infection with. simplexL3s 1-2 October, p 69

was recently reported in southern Spain (Valero et ¥tshinaga 1, Ogawa K, Wakabgyasmr(“ (1987) ExXe_rimlf_Qtal)life
: : CycCle ofr Rysterotnylacium aduncu ematoda: Anisakiaae

1992). The patient had eaten marinated horse mackerely'sc ' water. Fish Pathol 22:243-251

Hence, horse mackerel, a fish frequently consumed by

people of our geographic area, can be regarded as a po-

tential source of anisakiasis.



