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1is is a copy of an email from J.D. Smith, one of the biggest mechabrim and researchers of
nisakis. | underlined the sentence of what he says about herring.

2ar Shiomao,
y wife Ros and | retumed cn Sunday from a wonderful 3-week driving tour of the USA. \We visited Memphis,

aw Orleans, the Kennedy Space Center, Epcot Center, Savannah, Charleston, etc, etcl We even managed
camp for B nights in the Deep Southl!

v to "business”. | retired some 15 years ago but do science as an (unpaid) hobby. | think my friend
ichael Burt mentioned that I'm currently writing a monograph on the nematode parasites of Canadian fishes
a labour of lovel

any given geographical area all flounder, pollock, herring and salmon might harbour at least cne [arval
tisakis in the flesh — but the problem is when there are many worms in & given fish. The reasons for great
yundance in some sea areas rather than others are complex but include the presence of infected final hosts
mall and large whales) shedding worm eggs into the sea. As | recall, the Eurcpean Union and FAGC permit a
irtain number of worms per unit weight of fish flesh destined for human censumption. If the flesh is deep
yzen to at least minus 20 degrees C for 24 hours the worms are killed and the problem is purely cosmetic

id not public health.

1 far as I'm aware, hatched larvae do not grow in the sea; they can survive for 3 to 4 weeks at 13-18

wgrees C, and for 6-7 weeks at 5-7 degress C before being ingested by a krill or another crustacean host.
ey are about 022 to 0.29 mm long without the sheath, and about 0.33 to 0.37 mm long with the sheath.
jive below some nid and newer references to Anisakis and related worms in the hope you have access to a
iecial library.

iope this information will be useful ta you.

1 intrigued: you are the second person in recent days to have contacted me re Anisakis. Is there perhaps a
rrent warry in Europe (or elsewhere)?

ith Best Wishes

hn
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3.7 Herring

A total of 784 herring were examined for the presence of Anisakis and Pseudoterranova. Of
the 784 herring examined, 285 were infected with Anisakis and none were infecied with =
Pseudoterranova, with a total count of 526 Anisakis.

The calculated prevalence, mean intensity and abundance for Anisakis in herring were 36%,
1.85 and 0.67, respectively. Figure 71. illustrates a single Anisakis detected by UV

illumination of pressed fillets.

Figure 71. Single Anisakis larva fluorescing when exposed to UV following pressing of
herring fillet.

Very few worms were recovered from site A and at site B the majority of fish sampled
carried no worms, with those that were infected mostly carrying <3 worms (Figure 72).

71
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that are present. For Pseudoterranova, visual
of the worms present.

candling only account for 16.8% of Anisakis

—xamination and candling only detect 31.8%

s s i

Experiments carried out to determine the maximum depth of fillet for which candling is still
effective for detecting worms, indicated that worms could not be detected in fillets more

than 2.5 cm thick. Figure 38., which shows the flesh thickness plotied against fish Tength,

" shows that the maximum thickness of flesh for candling (~2.5¢m) cccurs at a fish length of

~37cm. This means that, to all intents and purposes, candling alone can not be used to
detect worms in monkfish of a commercial size.

43
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Capelin (Mallotus villosus) and
herring (Clupea harengus) as
paratenic hosts of Anisakis
simplex, a parasite of beluga
(Delphinapterus leucas) in the St.
Lawrence estuary

Réjean Hays, Lena N. Measures, and Jean Huot

Abstract: Capelin (Mallotus villosus) (N = 760) and herring (Clupea
harengus) (N = 165) were collected in the St. Lawrence estuary during
the summer of 1994 and 1995 to examine the importance of pelagic fish
in transmission of Anisakis simplex to cetaceans. Larval 4. simplex were
removed from fish by means of a pepsin-digest solution or by dissection.
Prevalence of A. simplex in dissccted capelin was 5%, with a mean
intensity of 1.2. Prevalences of A. simplex in herring were 95 and 99%,
with mean intensities of 6.2 and 6.8 for pepsin digestion and dissection,
respectively. Third-stage larval 4. simplex found in capelin and herring
were compared with third-stage larvae found in cuphausiids and belugas
{(Delphinapterus leucas) from the St. Lawrence estuary and no
differences in size or morphology of larvae from these four hosts were
observed. Euphausiids, which harboured moulting second-stage and
third-stage larvae, are intermediate hosts of 4. simplex. As there was no
apparent development of larvae in herring or capelin, these fish are
considered to be paratenic hosts of 4. simplex in the St. Lawrence
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Capelin (Mallotus villosus) and herring (Clupea

harengus) as paratenic hosts of Anisakis *

2

simplex, a parasite of beluga (Delphinapterus
leucas) in the St. Lawrence estuary

Réjean Hays, Lena N. Measures, and Jean Huot

Abstract: Capelin (Mallons viffesns) (W = 7600 and herning (Clupeg horengus)] (N = 165) were collected in the St
Lawrence estuary during the summer of 1904 and 1995 10 examine the importance of pelagie fish in transmission of
Anizaliz zimplex to cotaccans. Lerval A simplex were removed from fish by means mdig:s[ aolution or by
dissection. Prevalence of 4, shwpdex in dissected capelin wes 3%, with a mean intensity of 1.2, Prevalences of

A. simplex in herring were 83 and 9%, with mean intensities of 6.2 and 6.8 for pepsin digestion and disssction,

-'; AN

respectively. Third-stagze larval A, simplex found in capelin and herring were compared with third-stage larvae found in
cuphausiids™and belugas (Delphingprerus Jencay) from the St Lawrence estuary and no differences in size or
moerphology of larvae from these four hosts were observed. Eupbausiids. which harboured moulting second-stage and
third-stage larvae, are intermediate hosts of A, rimpler. As there was no apparent development of larvae in herring or
capelin, these fish are considered to be paratenic hosts of 4. simpler in the St Lawrence estuary.

Résumé : Afin d'examiner |'impontance des poissons pélagiques dans la transmission d*dsfrakis simplor aux cétaces,
T60 capelans (Mallots villosns) et 165 harengs (Clopea harengus) ont did récoltés dans "estuaire du Saint-Laurcnot
pendant les £tés 1994 et 1995, Les larves d'4. simpiex ont été retirdes des poissons par digestion & aide d"ume
solution de pepsine, ou par dissection. La prévalence d°4. simpfex chez les capelans disséqués a été évaluée & 5% et
I'intensité movenne & 1.2, Chez les harengs, la prévalence d’4 simplex était de 95% dans les échantillons digéris, et
de 99% dans les Schantillons disségueés, alors que intenzité a &€ dvalude & 6.2 dans le premier cas et 4 6.8 dans

I"autre, Les larves de troisicme stade d’4, simpiex provenant des capelans et des harengs ont été compardes aux larves
ts.obchez des bélugas (Defphingpierus leucor) de Mestuaire du ¢

du méme stade trouvées chez des cuphausi

b

Sarint-Laurent; la taille et la mor_{:ho[ﬂgit des larves éteicnt les mEmes chez les quatres hites. Les cuphausiacéds, qui
abritent des larves de deuxieme stade en mue ot des larves de troisiéme stade, sont des hdtes intermédiaines
d’d. simpiex. Comme les larves du parasite ne semblent pas subir de développement chez les harengs ou les capelans,
ces poissons sont considérés comme des hites paraténiques d'4. simplex dans 1'estoaire du Saint-Laurent.

introduction

Anisakis simpler (Rudolphi, 1809, det. Keabbe, 1878), or
the “whaleworm,” is parasitic in marine pelagic fiches as a
larva and uscs cetaccans ag final hosts. [t has been reported
from 40 differont families of fish worldwide, 16 of which
cocur in Atlantic Canadian waters (Simard 1997). Kaged
(1974) noled that 164 species of fish harbour larval Anisakis
sp. in Japanese waters. In {ish [rom the Pacific Ocean, infec-
tions of larval dmisekis sp. have been found in walleye
pollock (Theragra chaleagramma), cod (Gedus morhvo
magcrocephalus), chub mackerel (Scombar japenicus), com-
mon mackerel (Prevmalopheres faponicus), horse mackerel
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(Trachurus japonicus), salmon {Oneorlpnichus spp.), sardine
(Sardinops melanosicus), and Pacific heming (Clupec
pallasi) (see Oshima 1972; Smith and Wootten 1978;
Magasawa 1990}, Studies of 4. simplex in fish from the At-
lantic Ocean have focused mainly on Atlantic heming
(Clupea harengrs) (see Khalil 1959 Parsons and Hodder
1971; Davey 1972; Grabda 1974, Smith and Wootten 1975;
Beverley-Burton and Pippy 1977, Banning and Becker 1978;
Grabda 1983; MecGladdery and Burt 1985; McGladdery
1986). These studies show that Atlantic heming can harbour
cunsiderable pumbers of larval A4, simplex. Bul, after 30
years of research on this parasile, it is still unceriain whether
fish are obligate intermediate hosts. Kagel (1969} believed
that the second moult occurred m fish, which would make
them intermediate hosts for Anisakiy sp. Alternatively, Smith
(1971}, Oshima (1972), and Shimazn (1974) believed that
euphausiids were important as intermediate hosts. Smith
{1983) descnbed small larvac in cuphausiids that he inter-
preted as second-stage larvae in the precess of moulting to
the third stage,

In the 5t. Lawrence estuary, large whales such as the blee,
fin, and minke whale arz seen regularly during summer
(Michaud 1993}, Beluga, which have been identified as final

1998 MRC Coanada
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Table 1. Prevalences and mesn intensitics of larval Amisalis simpfex in capelin and hernng from the St Lawrence esmary,

Age (years) Intensiny
Host species N Site of collection Mean Ranpge Prevalence (%) Mean  Range  Method of examinstion
Capelin I lle Vere" 4 2-3 3 1.20 1-2 Dissection (frozen)
99 Urandes Bergeronmes® —— — — —+ Pepsin digest (fresh)
561 Grandes Bergeronnes — —° - [} g Pepsin digest (Tresh)
Herring 100 Ile Vere B 4-11 99 683 1-38  Dissection (froz=n)
65 Métis-sur Mer 7 4-10 o5 6197 1 36  Pepsin digest (fresh)

“There was na senificant difference in numbers of larvae berween these wo sites,

*Capelin were 13,5 ([2.0-151) em fong, Only six larvag were found,

“Capelin were 12,3 (.9-13.3) em long.

“Prevalence and mean inicnsity wore nol deteermned, 2 all figh were digested together. Only Two larvae wenz [ound

‘Copelin were 7.6 (5.9-10.6) cm long.

There wers no significant differences in prevalence or mean intensity between groups of horring,

hosts of A, simplex (see Viadykov 1944: Measures et al.
1995}, reside in the St. Lawrence estuary all year. The only
availahle information on the diet of belugas in the St Law-
rence estuary was pathered by Viadykow (1944). His study
of summer-hunted belugas showed that the capelin
(Mallofes villasus) was an important pelagic fish in their
diet, particularly during the first months of summer, when
belugas eat this fish almost exclusively. He believed that
Adlantic herming could be an important food for the St Law-
rence beluga in spring and summer, when herring and cap-
elin spawn in shallow waters of the estuary. Both fish feed
on plankionic crustaccans such as cuphauosiids (Scott and
Scolt 1988), which have been recently shown 1o be inlenne-
diate hosts of 4. simplex in the 5t Lawrence estuary (Hays
et al. 1998}

The first objective of this study was (o assess the impor-
tance of capelin and herring in transmission of larval 4. sfm-
plex to belugas, The second objective was to determine what
role fish play in the life cycle of A. simplex in the 5t. Law-
rence cstuary, i.c., are they intermediale or paratenic hosts?
In an imermediae host there is morphological development,
moulting and wsually growth of a parasite. In contrast, in a
paratenic host there is generally little or no development or
growth of the parasite and the paratenic host serves to trans-
port the parasite rom one host (usually the intermediate) o
another {usually the final) host (see Anderson 1992).

Materials and methods

Collection of fish
Heming and capelin were collected in the St Lawrence estuary.

On May 7, 1994, capelin (W = 100) and on May |9, 1994, hemring
(N = 100) were collected gt Tle Verte (48%02°N, 69°26'W) using a
weir (mesh size 20 mm). All fish wers frozen immediately after
capture. On June 30, 1994, capelin (¥ = 660) were collected near
Grandes Bergeronnes (48° 14N, 69°30"W) using a Marinovich pe=
lagic trawl not (mesh size 0.5 mm) set at a depth ef 510 m and
towed for 15 min at 3 kn by the Calanus [, a Fisheries and Oceans
Canada research vessel. On May 30, 1995, heming (W = 65) were
collected at Métis-sur-Mer (48240°N_ 68°00°W) using a weir (mash
size 30 mm). Fish were kept refrigerated at 4°C until digested arti-
Fizially within 4-48 h. Weir samples were collected at low tide,

day or night.

Examination of fish by the digestion technique
Capelin were wmeasured (ol leogth), the budy cavily  was
opencd, and whole specimens were placed in modified Bacnnai

apparatuses. Each apparatis contained 50 capelin in 2.5 L of
pepsin selution (1 L H,0, 8.5 g NaCl, 7 mL HCI, and & g pepsin).
Heming were weighed, meassured (total length), and identified by
sex, and otoliths wers removed for age determination. Age was de-
termined by counting annuli on otoliths treated with dichloro-
ethane. Internal organs and both fillets of each fish were separated
and placed in two different Baermann apparatuses contaming 2.5 L
of pepsin solution (Table 1). After 24, 48 and 72 h at room temper-
ature (18-21°C), 200 mL of solution from capelin and herring
samples was withdrawn from the bottom of each Baermann appa-

ratug and cxamined with a dissecting microgcope.

Examination of fish by dissection technique

Fish from the May 7 and May 19, 1994, samples were defrosted,
weighed, measured (total length), and idemtified by sex. Otoliths
were removed for age determination. Body cavities were examined
snd flughed with saline {0,65%). Each body organ was pressed
between glass plates and examined using a dissecting microscope
{40x) for pematode larvae, Fillets were skinned, thin-sliced, and
examined with the aid of a light source.

The terms prevalence, mean intensity, and abundance were used
io define levels of 4. simpler infection in fish (sce Margolis 2t al.

1982).

Examination of nematodes

Larvas were fixed in hot glycerin-alcohol (9 parls 70% alcchol -
1 part glycering amd cleared by allewing the aleohol 1w evaporate.
Worms mounted in glycerio on glass shides were studied and mea-
surcd using a compound microscope (Leits Dizplan) equipped with
a drawing tube interfaced with a digitizer and computer. ldentifica-
tion of larval dafsafiz sp. as 4. sivples was made usiog Pippy and
van Banning {(19753) and Beverley-Burton et al. {I977). Third-stage
larval 4. simplex from the stomach of a stranded beluga from the
5t. Lawrence estuary (see Measures et al. 1993) and third-stage
larval 4. simpler from cuphausiids coliccted in the 5t Lawrence
estuary {Hays ot al. 1998} were also stwudied and measured.
Voucher specimens were depogited in the Conadian Museum of
Nature, P.O. Box 3443, Smation D, Ottawa, ON K 1A OMS (CMNPA
199730} to OU34).

Results

Abundance of Anisakis simpiex in capelin

Seven hundred and sixty capelin were collected in the St
Lawrence estuary from May 1994 to May 1995 (Table 1).
Small capelin (M = 561) taken near Grandes Bergeronnes
were frec of larval 4. simplex (Table 1), Abundance of larval
A simplex was low in large capelin from lle Verte amnd

© 1998 NRC Canada
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Grandes Bergeronnes, with 2 total of eight larvae found in
[99 capelin (Table 1). There was no significant difference in
numbers of larval 4, simplex in large capelin from Tle Verte
and from Grandes Bergeronnes (Poisson distribution, p =
0.1443). The smallest infected capelin were 13.7 cm long
and contained only one larva. The highest intensity was ob-
served in a capelin measuring 15.1 cm in length that con-
tained two larval 4. cimplex. Overall abundsnce was 0,01 for
all sampled capelin (N = 760).

Prevalence and intensity of 4. simplex in capelin and
herring

Provalence ol A, simplex in herring was almost 100%. No
significant dilferences in prevalence or mean infensity were
seen between herring captured at Ile Verte and examined by
dissection and those captured ar Métis-sur-Mer and exam-
ined by pepsin digestion (prevalence: Z = 1.48, p > 0.05;
mean intensity: Student's ¢ test, ¢ = 0.69, p > (L.05) (Tablz 1).
Because therc were no significant differences, the two her-
ring samples were grouped together and then compared with
the capelin sample, The grouped herring sample (N = 165)
had a mean intensity of 6.58, significantly higher than 1.20,
the meen intensity for capelin from Ile Verte (Studants
test, £ = —10.94, p < (1L0F).

Prevalences of A. simplex in herring according to age
were as follows: age 4, M= 2, 50%; age 5, N = 12, 100%;
age 6, M = 34, B1%. age 7, N = 38, 100%:; age B, N = 28,
1D0%, age 9, N = 20, 100%; age 10, N =21, 100%; age 11,
N =19, 100 Dnly 4 of 164 herring were uninfected with
. simpiex larvac, These uninfected herring were amongst
the youngest of the sampla, one was 4 years old and three
werz i years obd. Intensity of infection with larval A, sim—
plex increased with age of herring as demonstrated by linear
regression analvsis (Fig. 7),

Location of Anisakis simplex in herring

Most larval 4. simplex found in herring were loeated in
the abdominal cavity. In 100 dissected previously frozen
herring from lle Verte, 638 (94.4%) larvac were found in the
abdominal cavity and 38 (5.6%) were in the muscle, In 65
digested fiesh herring from Métis-sor-Mcr, 349 (90.9%) lar-
vae were found in the abdominal cavity and 35 (9.1%) were
in the muscle. There were no significant differences between
colleetion sites in numbers of larvae in the abdominal cavity
and muscle (3%, p < 0.05).

Morphology and morphometrics of larval Anisakis
simplex from different hosts

Larval 4. simplex removed from capelin and herring from
the 5L Lawrence estuary were momphologically identical.
They possessed a boring tooth (Fig. 3), an excretory pore at
the base of the lips, a divided oesophagus (preventriculus
and cylindrical ventriculus with no appendages), no intesti-
nal caccum, an oblique ventricular-intesting] junction, anal
glands at the basc of the recium, and a mucron (tail sping) at
the Lip ol a rounded tail (Fig. 4). All larvac bore only one
cuticle and were presumed to be in the third stage. The mor-
phelogy of third-stage larval 4. simplex from four different
hosts (euphausiid, capelin, herring, and beluga) was identical
for diagnostic characters given ahove (see Figs. 1—6). How-
ever, increasing development of the lip pulp bencath the cu

1413

ticle m the lip region at the amterior extremity of larval
A. simpley from different hosts was observed (Figs. 1, 3, and
3). For example, the lip pulp was wider and higher in larvace
from fish than in those from cuphausiids and alsu in larvae
from belugas than in these from fish or euphausiigs,

Larval A. simplex rom frozen herring were not statis-
tically longer than those from fresh herring (Student's
test, p = 0.05) or those from euphausiids (Table 2) (Tukey's
HED test, p > 0.05). Larval 4. simplex from capelin and be-
lugas also showed ne significant differences (Tukey's HSD
test, p = (.05) in total length (Table 2). All other compari-
sons between total length of larval 4. simplex from different
hosts showed significant differences (ANOVA, p < 0.0001%
(Table 2). For example, larvae from capelin and belugas
were significantly shorter than those from herring and
euphausiids.

Discussion

The present study permitted a comparison between pe-
lagic fish (capelin and herring) from the St. Lawrence esn-
ary infected with 4. simplex and published data from the
Gulf of St. Lawrence, where most studies of fish parasites in
Canadizn Adantic waters are conducted. Capelin from the
5t. Lawrence estuary were lightly infected with A. simplex,
prevalence reaching only 3%. Arthur et al, {1995} found
28% of 25 capelin collected in May and June 1994 off Ile
Verte in the St Lawrence estuary ta be infected with A, sini-
plex; however, their fish were larger and likely clder {mean
total length 15.6 cm) than thosz collected in the present
Sludy (mean total lengths 7.8, 125, and 13.5 cm for the
three samples). Arthur et al. (1995) also collected capelin
from four other locations in the Gulf of St. Lawrence, but
prevalences were lower, ranging from 12 to 24%.
Mareogliese (1995) reported prevalences of A4, simplex rang-
ing from 0 to 19% for capelin (length range 9-17 cm) in the
Gulf ef St. Lawrence. The relatively small size of the cape-
lin in the present study may account for the prevalence of
A. simplex observed. Despite this, capelin may be imporiant
hosts in the transmission of this parasitz to fin and minke
whales, which consume lons of capelin annually (Scott and
Scott 1988).

Herring were more heavily infected with 4. simplex than
capelin in the St. Lawrence estuary, with a prevalence of al-
most 100% and a mean intensity closz to seven larvac,
Three surveys have examined 4. simplex in herring from the
Gulf of 5t. Lawrence. Parsons and Hodder (1971) reported a
prevalence of 25 and 29% for larval nematodes (Anisakis sp.
and Conlracaecum sp) in herring eollected in Baje des
Chaleurs (N = 44) and near the Magdalen Islands (N = 500),
respectively, but prevalence of larval 4. simplex alone was
probably lower. McGladdery (1986) reported a prevalence of
30% for A. simpler in herring (N = 10) from near Shediac,
New Brunswick. Marcogliese (1995) sampled herring near
Anticosti Island and southwest Newfoundland (N = 167) and
observed prevalences ranging from 6 to 54% (the age of her-
ring collected was not given). Prevalence of A. simplex in
herring depencs on herring age =nd this is discussed below.
Alternatively, high infection rates of A. simplex in herring
could be attributed to many specics of whales in this re-
stricted arca during suminer, particularly the beluga, which

£ 1908 NRC Conada
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Figs. 1-6. Third-stage lavval Anisakis simpiex from euphausiids (Figs. | and 2), herring (Figs. 3 and 4), and belugas (Figs. 5 and ).
Seale bars = 50 um. Figs. 1, 3, and 3 show the anterior extremity with a boring tooth (arrow). The excretory pore is also indicated
iarrow) in Fig. |. Figs. 2, 4, and 6 show the posterior extremity, including the tail with the mucron (arrow). The third moult appears

to be beginning in the region of the mucron in Fig. 6.

occurs here all year (Michaud 1993) and is a final host
{(Vladykov 1944; Measures et al. 1995). In addition. herring
from the 5t. Lawrence estuary may represent a different
stock than those sampled from the Gulf, The existence of
different stocks of herring in Canadian and adjacent waters
hus been recognized by Iles end Sinclair (1982 (but ses
McQuinn 1997, Belugas in the Si. Lawrence estuary are re-
ported to eat herring (Viadykow 1944), and herring with high
intensities of 4. simplex are likely important in transmission
of 4. simplex 1o belugas i this region.

Prevalence and intensity of 4. simpler in hemring from the
5t Lawrence estuary increased with the ape of the fish,
indicating an accumulation of larvae over time, a3 obscrved
by Parsons and Hoedder (1971), Oshima (1972), Smith
and Woolten (1978), McGladdery and Buort (1985), and
MeGladdery (1986). Contrary (o MceGladdery and Bun

(1985), who examined hemring collected in the Gulf of St.
Lawrence and elsewhere on the east coast of Canada, inten-
sity of larval 4. simplex from the 8t Lawrence estuary did
not decrease in herring over 9 years old (Fig. 7).

Larval Anisakis spp. arc colourless and tightly coiled in a
spiral, making them difficult to find in the flesh of fish. The
most efficient and reliable technique for removing nematode
larvae from fish is digestion of fresh tissues using a mixture
of pepsin and hydrochloric acid (Smith and Woolten 1975).
Less than 10% of larval A. sfmpler foimd in herring from the
St, Lawrence estuary were localed in the muscle. The differ-
ence between the percentage of larval A. simpler found in
the muscle of digested fresh hemring (9.1%6) and the percent-
age found in the muscle ol dissceted frozen berring (5.6%)
may be due to the greater efficiency of the digestion tech-
nique in locsting larvae. However, the two samples were

1 1908 NRC Canada
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Fip. 7. Relationship berween intensity of kival 4. simples infection and age of herring,

Table 2. Larval measirements {mm) and morphometric ratios of Anisakis simpler from euphausiids, capelin.

herring, and belegas in the St Lawrence sstuary.

Host Euphausids® Herring (¥ = 60) Capelin (& = 3) Belugas (V=1
Mo, of A, vimplax 100 &0 i} 3
TLF 26.74a 25 96 22,024 20.69h
"? (10,0035 30) (15.68-31.78) (20,0028 84) (13.30-27.86)
MW e IE 0.54 0.53 .43
(0.19-0.62) (0.32-0.72) (03.31-0.68) (0.33-0.534)
PL 207 2.04 210 157
1.09-2.66) (133-2.51) (1.75-2.43) {L.38-2.45)
VL 093 R 0.85 LA
(0.46-1.23}) (0.67-1.19) (0.43-1.21) (0.46-0.92]
W 0.21 0.20 01g 0.20
(00027} (008-0.28) {0.13-0.24) (0.13-0.29)
TAL u.15 015 .15 0.1
(0.09-0.22) (0.09-0.21) (0, 10-0.200 (0.11-0.1%)
SaMWITL 1.75 211 232 223
[1.33-234) (1.29-3.81) (1.55-2.74) (1.90-2.87)
%PLTL T.87 7.90 9,25 Q.15
[5.95-10.92) (5.86-10.36) (7.77-10.71) (7.45-11.94)
TaVL/TL 352 3.54 372 3.64
{2.10-4.60} [2.43-5.00) (2.03-4.64) (2.56—4.93)
LV WITL 0.%7 0,79 L84 0,894
(hs1-1.04) (0.36-1.35) {0.65-1.17) {(0.50-141)
LR TALTL 0.57 0,60 0.67 0.70
(0.33-0.90) {0.37-0.94) (0A6-0.58) (1.51-1.03}

Mole: Values arc given as the mean, with the range in parentheses. TL., total leogth; MW, maximum widih; FL, proventriculus
length: VL, ventriculus length; VW, ventriculus width; TAL, tal length,
*The number of cuphansiids (Tinsmeese rasof, Meganyoripiones norvegics) infocied coald not be determined. as whey wers

digesicd topetler (Hays o al, 1993).

Vialues followed by the same letter arc not sintistically different.

collected (rom separate sites in the estuary and the differ-
ence in prevalence may be sile-related. Consumers should be
awarc that unlcss they are properly frozen { 20°C for 24 h),
these fisly, if caten lightly cooked, lightly marinated, or
lightly smoked, are a poteatial health risk.

Japanese workers reported similarities in morphology and
size o larval Anfsakis sp. from euphausiids and fishes
(Oshima ef al. 1969; Kagei 1974), Shimazu and Oshima

(1972} also observed that larval Anisakis sp. from
euphausiids seemed to be in the same developmental stape
as those from marine {ish. Larval A, simpler from fish are
usua!l}r identified as l|1ird-5[ﬂg:: larvae (Shimazu 1974;
Grabda 1976; Smith and Wootten 1984; Weerasooriva et al.
1986; Larizza and Vovlas 1995). Beverley-Burton et al.
(1977} reported the mean length of third-stage A, sinplex in
herring and Atlantic salmon (Safmo salar) to be 19.69 mm

i 1998 WRC Conada
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Introduction
Parasitic round worms are frequently found in the guis and in the flesh of fish. Although only a small proportion of fish sold to the public is
affected in this way, the worms are unsightly and consumers naturally object to their presence. This note gives a briel'account of the nature
and pccurrence of round worms in fish, and describes means of reducing infestation in fish used 2s food. The note should also help fish

traders and environmental health officers to dispel some of the misunderstanding of the problem when answering complaints from concerned

members of the public,

What are parasites?
Animal parasites live in or on other animals from which they obtain at least some of their vilal requirements, particularly nourishment, In
general each kind of parasite confines itself to one kind of animal-or group of animals, known as the host. Some parasites need more than one
host at different stages in their development, the adult parasite living off one animal and the young or larval forms living off other animals.
ok = 2temadid XTI
Some fish parasites live on the outside of fish, others within the body: most are removed during giitting and washing. The kinds most
frequently met with during subsequent handling and distribution are worms. Round worms, or nematodes, in larval form are found in the guts
and in the flesh of many fish marketed in the United Kingdom; two kinds predominate, the 'cod worm® and the ‘herring worm'.

The "cod worm', which is often found in ced, is also found in many other species. Its scientific name is Phocanems decipiens: other cutdated
scientific names are Porrocaecum decipiens or Terranova decipiens. It grows up to 4 cm long in fish, and varies in colour from creamy white
to dark brown. It is frequently found in the flash of fish, particularly in the belly flaps, where it often remains for long periods curled up and
encased in a sac-like membrane produced by the fish dssue.

The "herring worm' is often found in herring, mackerel, whiting and blue whiting, but it also oceurs in many other species. Its
scientific name is Anisakis simplex. It grows up to 2 cm long in fish, is almost colourless, and is found tightly couiled and encased in the guts

and flesh, sometimes in considerable numbers, particulatly in the belly flaps. Anisakis can miprate from suts to flesh in fish left unautted
{} AMEAKIS can migrate irom guis to tlesh in figh | 2
T

after capture, notably in herring, mackerel and blue whiting,

How do round worms get into fish?

The life history of a parasitic round worm is complex. The adult lives in the stomach of a marine mammal, Phocanema in the grey seal and
Anisakis mainly in dolphins, porpoises and whales. Eggs of the parasite pass into the sea with the mammal's excreta, and when the egas hatch
the microscopic larvae must invade a new host in order to develop. The larval worms of Aniszkis are eaten by a small shrimplike crustacean,
1 euphausiid; the first host of Phocanema is a small isopod crustacean that lives on the sea bed.

When crustaceans infested with Anisakis or Phocanema are eaten by a fish the larval worms are released into its stomach, They then bore
hrough the tiLiJll_lmﬂ.-L-"h wiall and eventually become encased in the guts or in the flesh of the host fish, The life cycle of the parasite is completed

when an infested fish is eaten by a suitable marine mammal.

-arge fish tend to be morc heavily infested by round worms than small fish of the same species. This is because large fish eat more, and
herefore ingest greater numbers of parasites, and also because the larval worms, although inactive, can survive for a long time in fish, and
herefore their numbers accumulate as the fish grows older.

Lre round worms dangerous?

There have been cases of human illness caused by the ingestion of live Phocanema or Anisakis larvae in countries where raw or lightly cured
ish is commonly caten. By 1980, there had been only ene reported case of illness in the United Kingdom caused by Jarval round worms from
ish; this is because in the UK fish products are normally cooked before consumption. Phocanema and Anisakis larvae are killed in | minute

tatemperature of 60°C or over. In practice this means that cooking a fillet 3 vin thick for 10 minutes ar 60°C will kill any worms present.

"he temperature of a cold smoking process, for example kippering, is not high encugh to kill parasites, but in a commercigl hot smoking



process a high enough temperature is uswally maintained for long enough te kill them. Freczing of fish at - 20°C for 60 heurs kills all worms

Anisakis larvae are resistant to salting: immersion in 30° brine, 21 per cent salt, for 10 days will kill all larvae, but in brine of lower
strength they can survive for much longer. Anisakis is also resistant to marinating. When there is any doubi aboul whether Anisakis wi

survive a process it is safest to use frozen fish. The ability of Phocanema to withstand salting or marinating is not known, but it is probably

similar to that of Anisakis.

Can infestation of fish be redweed?
The abundance of Phocanema and Anisakis varies in fish from different areas; Phocanema is usually more abundant in inshore fish, whereas

Anisakis occurs in greater numbers in offshore fish, but many species of fish from all areas fished by British vessels are likely to be infested

1o some degree. OF the two kinds of worm, Anisakis is by far the more abundant and widespread,

.,

The only way to reduce the numbers of parasites reaching the consumer is to inspect the fish and process them in such a way that most
parasites are removed. The guts and gut cavity of many fish are often heavily infested: whiting for example oftzn contain large numbers of
Anisakis. For this reason it is always advisable to gut fish and clean out the gur cavity before offering them for sale. Most Phocanema and
almost all Anisakis in fish flesh are found in the belly flaps; it follows that trimming off and discarding flaps from fillets will remove most of

the worms. The greater the area of flap discarded, the greater will be the proportion of worms removed,

Visual inspection of tillets will reveal worms embedded near the surface; these can be removed easily with a knife. Worms embedded deep ir
the flesh are not immediately obvious, but some can be detected by candling, that is shining a bright light theowgh the fillet. In commercial
practice candling is effective in detecting Phocanema in thin skinless fillets of white fish, particularly end; the methad does not work well on

thick fillets with the skin on. Candling is less effective in detecting Anisakis. Time can be saved by candling a sample of fillets from a batch

———m

of suspect fish to determine the level of infestation; it can then be decided whether the wholc batch needs to be candled, and whether the

batch iz more suitable for one purposs than another.

Dresign and use of a candling table

The simplest kind of candling table is a box about 50 ¢m square with a ground glass or perspex top about 6 mm thick. The inside of the box i
white, and is lit by two fluorescent tubes giving a white, not a coloured, light. Electrical wiring should be installed by an electrician who
understands the wet conditions in which the box is to be used. The box should be ventilated but splashproof.

To use the box, the fillet is Taid down on the illuminated top, worms show up as dark shedows in the flesh, and can be removed with foreeps
or a knife, Light from above the box should be resiricled; the box is useless in bright sunlight for example. An experiencad operator can
ﬂr{lle&p to 300 fillets an hour, but the eves rapi_d]}r become fatigued and Eﬁici;ncy falls during long spells, with the consequent risk of

greater numbers of worms passing undetected.

How serious is the problem of worms in fish?

Mo matter how carefully fish is inspected by processors, caterers and retailers, some worms will occasionally be discovered in fish by the
consumer, In reply to complaints it should be pointed cut that every reasonable precaution is taken to prevent worms being present in the
edible part of a fish. A model purchase specification proposes a maximum of 3 worms in 3-2 ke of fillets of white fish in the United
Kingdom, as judgzed by visual examination. An international sl:a.ndard Codex Alimentarius, allows & maximum of ﬁ’,:,w:,-n'ns in | kg of fish of
certain species; only worms of encapsulated diameter of 3 mm, or v 1 em in length, are considered to be of significance. It should therefore be
emphasized that the presence of worms in fish offered for sale does not imply carelessness or bad practice on the part of the processor or
retailer. It can also be explained that the presence of worms does not reduce the nutritional value of the fish, and that correct cooking or

freezing will kil all parasitcs.

The information in this note has been prepared jointly by the Marine Laboratory of the Depariment of Agriculture and Fisheries for Scotland
and the Torry Research Station of the Ministry of Agriculture, Fisheries and Food.



1. Intraduction

Anisakiasis, a potentially fatal condition associated with the accidental ingestion by humans
of larval nematodes in infected fish or squid, affects over 2000 people globally per annum,
the incidence of infection increasing with the growing trend in consumption of raw or
uncooked seafood (Rosales et al. 1999). Europe accounts for 3.5% of the global incidence
of infection, with most cases observed in Holland, Germany and France (ibid.) and this has
led to concerns ahout anisakids in fish and rejections of fish consignments within the EU.
In particular, consignments of menkfish from Scotland have been rejected at European
frontiers. Most anisakiasis is associated with ingestion of the nematode Anisakis spp with
the remainder principally associated with the related Pseudoterranova spp. Nematodes,
particularly Pseudprerranova are also macroscopically visible, leading to infected fish
being rendered unaesthetic in appearance, and they are thus a source of concern to the
fishing and food industries. Whilst candling of fillets has been employed to detect and
remove nematodes before sale of the fish,_this method often proves ineffective (McClelland
2002). Despite this, no other practical solutions for the detection of nematodes have been
adopted by the industry. Cases of “anisakiasis™ are recorded particularly from Japan where
raw and lightly cooked fish are commonly eaten and in certain areas of Europe where
lightly salted or pickled fish are consumed (¢.g. Rosales er al. 1999). Although man is an
“accidental” host, ingested larvae may nevertheless attempt to penetrate the gastro-
intestinal wall and cause acute abdominal symptoms including nausea, fever, abdominal
pain, and a range of gastrointestinal disorders and lesions of the stomach and intestine,
which can be fatal. A number of authors (e.g. Audicana er o/ 2002) have also reported a
range of allergic reactions in humans exposed to anisakine antigens in seafood. This is of
particular concern since food which has been frozen or cooked to kill worms will still retain

antigens capeble of eliciting an allergic response.

Until recently the nematode species found in the flesh of fish from Scottish waters were
thought to be Anisakis simplex and Pseudoterranova decipiens. Recent research has
established that each of these nominal worm species comprises a complex of sibling
species, morphologically indistinguishable and identifiable only by molecular techniques.
Anisakis simplex sensu stricto is now regarded as one of a complex of 6 related species
(Valentini ef al. 2006). Pseudoterranova consists of a similar group of species of which at
least 3 are found in the N. Atlantic (Pazzi et al. 1991). Differences in the biology.
distribution and abundance of these different species are not clear, but it is most likely that
their general biology will be very similar as outlined below.
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benthic, epibenthic and natant copepods may become infected (McClelland 2002). The
second transport hosts are teleost fish, which become infected by eating invertebrate hosts.
Parasites released from infected prey during digestion, penetrate the digestive tract and
migrate to various organs within the body cavity of the fish or to the musculature where
they are generally encapsulated (Smith and Wootten 1978). Larvae of A. simplex ocour
commonly in pelagic species of fish, presumably as a result of feeding on pelagic
invertebrates. P. decipiens is thought to predominate in demersal fish species, which feed
on infected benthic invertebrate hosts; and infections of P. decipiens are common in fish
from inshore waters (McClelland 2002), which these authors, among others, related to the
distribution of the seal final hosts. Infection of pisciverous fish such as monkfish (Lophins
piscatorius) and cod (Gadus morkua) may also occur by ingestion of infected fish hosts
(Scolt 1954; Smith 1974; Burt e al. 19%0a). Larvae may remain within fish for long
periods. Third stage larvae ingested in prey by suitable mammalian final hosts are released
during digestion, remain in the alimentary tract and moult twice to the fourth stage (pre-
adult) and then 1o the adult stage. A. simplex develops to the adult stage in the stomachs
and intestines of a wide variety of marine mammals, predominantly cetaceans of various
species (Smith and Wootten 1978). There have been many studies on nematode infection
in marine fish but in Scottish waters most attention has been paid to cod as it has long been
known to be commonly parasitized by Pseudoterranova (Rae 1958, 1972). Other authors
(Young 1972, Wootten & Waddell 1977) have shown thal Psewdvierranova was more
abundant in cod from coastal waters, but that Anisakis was the dominant species in off
shore arsas. Wootten and Waddell (1%77) suggested that this patiern refleeted the
distribution of the final mammalian hosts, i.e. seals for Fseudoterranova and cetaceans for
Anisakis. These same authors also suggested that an apparent increase in overall infection

of cod in the 1960s and 1970s was due to an increase iw Variations in 4 V¥
anisakid numbers are probably related 10 a wide variety of host and other factors. For
example, a recent study of dmisakis infections in Baltic herring found host length,

condition, sex and gonad development, as well as year, season and sea area to be significant
in determining prevalence (Podolska and Horbowy 2003).

Other fish species from Scottish waters have not bzen so comprehensively studied as cod.

There are no published data on monkfish. Mackerel are known to be widely infected with
Anisakis, reflecting their pelagic habit. Levsen (2007) showed that mackerel from the \
northern North Sea had a mean number of up to 3.5 Anisakis in the flesh, depending on fish
size. Large scale surveys of herring from British watcrs were carried cut by Khahl (1969)
and Davy (1972) who found the abundance of Anisakis was highest in the northern North
Sea and around Shetland with much lower levels in fish from the West of Scotland and the
southern North Sea. Smith and Wootten (1973) examined a limited number of herring
samples from Scottish waters and found infection levels generally comparable with earlier Ry :
studies, although up to 20% of the total burden of Amisakis were in the flesh. A recent

study on herring to the West of the British Isles found infection prevalences of up to 98%

with abundance levels between 5 and 16 (Cross ef al 2007).
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RESEARCH THEN AND NOW ON THE
ANISAKIDAE NEMATODES' .
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Mrepy, B. J. 1075, Research then gnd now on the Anbanlidar nematodes
Trame. Amer. ?k.t"limrm. :S'l.rc'-. 95: 137-142. The history of nenmtodes re ponsible for

—==  bumun anisakiasi spans almogt 5 . Ouwr knowledge of this gn up Daralfel:

the advaoceawnt redvirch from wisual obscrvation——t irugh  devel sgment une
reflnement of the microreopo ond advapcement af technology—te oe scr research
touls, such as the eiectran microseope.

The nematodes of the Eamily Anisakidge were probably first reeognized in
fish hosts_ay eqr ., in marine mammals in ths ear y 1790
#s an pecasional human discase in 1857, and us n more oomannn by pan Snfention
in the 1850y and 1960's. Since 1970, eight human cases have hee 1 documented
from North America.

As early as 1742, ascarid-like nematodes were described from 4 now extimet
sea cow (Stiles & Hassall, 1698). Linnaens, in the 12th edition o® the Systima
Naturae, deseribed Gordins marinus 1sing his simple micrascnpe ( ollfus, 15°0),
Extensive monographs were dusing the 1500, Dujard: (LB45) dis.
seeted over 2, vertelitates and deseribed their parusites, [Jn 1837, studiey on
evstic worms resulted in description of inmahse forms of anisukite nematodes
(Von_ Siebold, 1857). On the asis of the internal characteristios these larvae
were linked with adult forms gceuning in marine mammals and bird ;. The theory
of strayed parasites—those which enter the wrong host and never mature—ivys
postulated. This is what we now cal] larga migrans, As eurly as 1832, gas From
anisakine nematodes were hatched and attempts were made to or nw ﬁ;«: Iarval
stages to adults { Stiles & Hagsall, 1599}

n 1876, an “ascarid” was vomited by a ehild in Grecnland (Ler ckart. 1873).
This first observed human cise led th an examination of the “wsearids” of
seals in 1878 (Kribhe, 1878ab). Among these “ascarids™ Wis 4 specimen
tdentified as Ascaris decipiens, destined to become Phocunema o suipiens, ihe

* Based on Past-Prosident’s addyess delivercd at the 9lst Annual Meeting o the Amwerican
Mitruscopieal Soelety, held in New eans, Lovisiana, November 1975, 1 wrﬁsh s 2 acknowlelgy
the Fisheries Ressurch Bosrd of Cunadn (under whose nispioes the studios on t e “cod wory”
were carried out while T was ar tve Insiitute of Par'.,uimhﬁr, McGill Univen dty), and ihe
Food and Drog Adminictration, U.8. Dy nwnl of Health Edueation ane Welfare, oy
F!HEI:I support under comtepct no. £93.74.9140 and 2149. | am gratefol w0 Ly, Ceorge T,

ackron for encouragement and reviess of the mamlmﬂit.
* Adddress affer ] Maw 1976: National Institutes of Henlt v Bethesdy, Nlarvae d 20014,

Traxs. Ansn Micaos, Hoc., 95(2 ). 137-142, 197s,



