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Article Info Abstract
Received: A total of 120 bogues and 180 sardines were obtained from commercial fishermen in coast of Ayvalik,
09/10/2020 Edremit Bay fishing ground between September 2014 and 2015 and their intestines were examined
Accepted: parasitologically. It was observed that 74 of 300 fish were infected with endoparasites. A total of 130
24/06/2021 nematodes were detected from the intestines of fishes. Here, some morphological characters of
Keywords: Anisakid parasites (Anisakis simplex, Hysterothylacium aduncum and Pseodoterranova decipiens)
e Anisakis simplex are given. A. simplex, H. aduncum, and P.decipiens as hematod parasites represent a public health
¢ Hysterothylacium risk in consumption of raw or inadequately cooked fishery products. Besides, this paper presents the
aduncum first record of P.decipiens in Boops boops in Turkish Seas.
¢ Pseodoterranova
decipiens

¢ Boops boops
e Sardina pilchardus
e Edremit Bay
e Morphology

Kuzey Ege Denizi, Edremit Korfezi’nden Baz1 Ticari Baliklardaki Anisakis simplex (Rudolphi, 1809),

Hysterothylacium aduncum, (Rudolphi, 1802) ve Pseodoterranova decipiens (Krabbe 1878)
(Nematoda; Anisakidae) Parazitleri

Makale Bilgisi Oz
Alinig Tarihi: Eyliil 2014 ile Subat 2015 tarihleri arasinda Edremit Korfezi Ayvalik kiyisindan toplam 120 kupes
09/10/2020 ve 180 sardalya ticari balik¢ilardan temin edildi ve bagirsaklari parazitolojik olarak incelendi. 300
Kabul Tarihi: baliktan, 74’uniin parazitlerle enfekte oldugu gozlendi. Baliklarin bagirsaklarindan toplam 130
24/06/2021 nematod gozlendi. Burada, Anisakid parazitlerin (Anisakis simplex, Hysterothylacium aduncum and
Anahtar Kelimeler: Pseodoterranova decipiens) morfolojik karakterleri verilir. Nematod parazitler olarak A.simplex, H.
o Anisakis simplex aduncum, and P. decipiens ¢ig veya yetersiz pisirilmig balik tiriinlerinin tiikketiminde halk saghgi
o Hysterothylacium riski olugtururlar. Ayrica bu ¢aligma P.decipiens’in Tiirkiye Deniz’lerinden Boops boops’taki ilk
aduncum kaydin1 verir.

e Pseodoterranova
decipiens

e Boops boops

e Sardina pilchardus

o Edremit Korfezi

o Morfoloji
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INTRODUCTION

Fish provides a good source of high quality protein, many vital vitamins, and minerals. Recently, there is a high tendency
among people to consume fish due to its health benefits such as omega 3 fatty acids (Berland, 1989; Adams et al., 1997).
However, this highly important food source can carry a wide variety of pathogens such as Anisakids which cause a great concern
to human health when it is consumed raw (European Food Safety Authority, 2010). Furthermore, parasite infection of fish
annually impose considerable economical losses and damages to fish farming industry worldwide (Rahimi et al., 2013). Anisakids
are responsible for emergent zoonoses called Anisakiasis consumers (Myers, 1976; Plessis et al., 2004). Humans become an
accidental host of Anisakid larvae usually as a result of consuming infected raw fish or imperfectly cooked fish (Ivanovic et al.,
2017) and are exposed to some abdominal syndromes such as abdominal pain, vomiting, diarrhea and mild fever and also serious
allergic reactions such as urticaria, anaphylaxis (Myers, 1976; Audicana et al., 2003; Plessis et al., 2004).

The nematodes of Anisakidae were probably first recognized in fish host as early as the 13th century in marine mammals
in the early 1700’s, as a more common human infection from North America in the 1970’s (Ballard et al., 2005). As marine
cosmopolitan parasites, Anisakids are usually found in high amount in the third larval stage on the gut cavity in hosts at various
trophic levels of the food chain (Lymbery and Cheah 2007). In their life cycle, there are small crustaceans as an intermediate
host, fish and cephalopods as paratenic hosts, and marine mammals as final hosts (Mattiucci et al., 2008). A.simplex was
determined encysted in stomach wall from the Galway Bay with no information on pathology of this nematode (Henderson and
Dunne, 1998). Kijewska et al. (2009) determined this parasite from some fishes such as Scomber japonicus, Sardina pilchardus
from African Shelf. H. aduncum is also a common parasite not only of marine fish but also of brackish fish (Fagerholm, 1982).
This parasite was found in viscera and intestine of various marine fishes in the Atlantic and Pacific Oceans, respectively
(Gaevskaya and Rodjuk, 1988; Williams and Bunkley-Williams, 1996; Alvarez et al., 2002; Shih and Jeng, 2002; Klimpel and
Palm, 2011).

Rello et al. (2008) found only one specimen of H. aduncum from Spain. Danyer et al. (2010) reported H. aduncum and
Anisakis spp. in the stomach contents of harbor porpoises (Phoceana phoceana) on the western coast of the Turkish Black Sea.
The anisakid nematoda genus, Pseudoterranova mozgovoi, 1951 is one of the most important of parasites of fish from north
Atlantic (Palm et al., 1999). In the north Atlantic, L3 larvae of P. decipiens have been detected in more than 60 different fish
species, including cod, haddock, halibut, and sculpin (Jensen and Andersen, 1992), The L3 and L4 larvae and adults are parasitic
in invertebrates and some birds, (Marcogliese, 2001; Dzido et al., 2009), and especially, in dolphins, seals (Aspholm et al.
1995) and humans (Mercado et al., 1997; Aznar et al. 2006) while the larvae (L3) known as sealworm or codworm, live mainly
in benthic fish species (Gadus morhua, Myoxocephalus scorpius) as third intermediate hosts (Bristow and Midtgaard et al., 2003;
Buchmann and Kania, 2012; Mehrdana et al., 2014; Lunneryd et al., 2015). McClelland et al. (1987) and Andersen (2001)
determined P. decipiens in Hippoglossoides platessoides and Myoxocephalus scorpius from Canadian and Norwagian coasts. P.
decipiens was found at water depths ranging between 80 and 820 m in all examined fish species from the South Shetland
Islands. McClelland et al. (1990) determined P.decipiens in various fish sepcies. P.decipiens demonstrates a low degree of host
specificity and a wide pattern of distribution in Antartic waters (Palm et al., 1999). This species has been recently reported in
Halichoerus grypus, Gadus morhua ve Myoxocephalus scorpius from the Baltic Sea (Buchman and Kania, 2012; Lunneryd et
al., 2015). P.decipiens (Nematoda, Anisakidae) was also recorded in Red spot emperor Lethrinus lentjan in the Red Sea (Al-
Quraishy et al., 2019).

The bogue, B.boops and the sardine S. pilchardus are found off the coasts of Europe, Africa, the Azores and the Canary
Islands, from Norway to Angola, and in the Mediterranean and Black Seas (Whitehead et al., 1986). Both of them are accepted
as the Least Concern (Lc) in Red List of Threatened Species by IUCN (Pollard et al., 2014; Tous et al., 2015).

These nematode species had been previously reported from different fish species in Turkish waters; in Aegean and
Marmara coasts of Turkey, A. simplex was recorded in Scomber japonicus from Saros Bay (Akmirza,1997); in Trachurus
mediterraneus (Akmirza, 1998a); in Mullus surmuletus (Akmirza, 2000a); in Diplodus annularis, Pagellus erythrinus, Oblada
melanura, and B. boops (Akmirza, 2001b); in S. pilchardus, Merlangius merlangius, and Trachurus trachurus (Oguz et al.,
2000). H. aduncum was also reported in Pomatomus saltatrix from Eskisehir (Yetim, 1985); M. merlangius from Black Sea
(Doganay, 1994; ismen and Bingel, 1999); in Merluccius merluccius, Gobius niger and T. trachurus from Marmara Sea and
Erzurum (Oguz, 1995; Keser et al., 2007; Ozkan et al., 2010); in T. mediterraneus and E. encrasicholus from Turkish coasts
(Oktener, 2005); in Diplodus vulgaris and Sparus aurata from northeast (Kalay et al., 2009), Mediterranean Sea; in Sardinella
aurita, Scomber japonicus, T.trachurus from Dardanelles (Sahin and Saglam, 2016); in Merlangius merlangus exinus from The
Turkish Black Sea (Pekmezci, 2019); in Scomber scombrus and Scyliorhinus canicula in the Sea of Marmara (Keser et al., 2007;
Beceriklisoy et al., 2020; Torcu Kog¢ and Erdogan, 2021). Pseudoterranova spp. was determined in the stomach of harbour
porpoises (Phocoena phocoena) and striped dolphin, Stenella coeruleoalba in the eastern Mediterranean by Danyer et al. (2010)
and Aytemiz etal. (2012).

In this study, it was conducted to determine the morphological characters of Anisakids infecting B.boops and S.
pilchardus obtained from Edremit Bay. In addition, our findings are important in the base of first record of P.decipiens in Boops
boops in Turkish Seas.
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MATERIALS AND METHODS
The studying area

Edremit Bay in the northern Aegean Sea (26°57'-26°34'E and 39°17'-39°34' N) is a place where two currents meet and
it is rich in plankton because of upwelling. In addition, the area is fed by waters rich in nutrient from erosion through the vicinity
of the Bay and the Black Sea, with a variety of fish fauna (Togulga, 1997).

Sample collection and analyses

A total of 120 bogues and 180 sardines which were obtained, were transported immediately in an ice box to the
Hydrobiology Laboratory of Biology Department of Faculty of Science and Arts, Balikesir University. Fish species were
identified according to (Whitehead et al., 1984-87; Nelson, 1994). Then, a total of 300 fishes were dissected. It was seen that the
intestines of a total of 39 bogues and 35 sardines were infected by 130 Anisakid parasites. The specimens of A. simplex, H.
aduncum, and P.decipiens were removed from the intestines of fish samples. All the collected parasites were preserved in 70%
ethanol and and glycerin for further identification (Marcogliese, 2001). Then, the slides were prepared by closing with glycerin-
gelatin according to Kruse and Pritchard (1982). The identification of parasites was based on their morphological and
morphometric characteristics according to the keys and descriptions found in the scientific literature (Pritchard and Kruse, 1982;
Berland, 1989; Murata et al., 2011) and then, their photographs were taken under a stereomicroscope at x12 and x50
magnifications.

The parasitic nematod specimens were deposited in the Hydrobiology collection of the Department of Biology,
University of Balikesir.

RESULTS AND DISCUSSION

The morphology and anatomy of the A. simplex, H. aduncum, and P.decipiens are described in details by Berland
(1989). It was seen that some larvae were free in the body cavity, but most of them were encapsulated in intestines of the
examined fishes.

Phylum: Nematoda
Class: Secernentea
Ordo: Ascaridida
Fam: Anisakidae
Anisakis simplex (Rudolphi, 1809)
Host fish species: Boops boops, Sardina pilchardus
Site of infection: intestine
Locality: Ayvalik, Edremit Bay, northern Aegean Sea
A total of examined fish numbers: 300
Number of boques with parasite: 39
Number of sardines with parasite: 35
A total of parasite: 35
Life cycle of A. simplex

This nematod has the adult stage in the stomach of cetaceans where copulation and oviposition take place Eggs pass
with feces to the marine environment where eggs hatch and liberate the third stage larvae (Hgjgaard, 1998). A range of
invertebrates may act as the first intermediate host but euphausiaceans and copepods are particularly important (Keie et al.,
1995). Fishes face to parasites by ingesting infected invertebrates or smaller infected fish.

Diagnostic Characters

To the naked eye, larvae of A. simplex are pinkish-white and cylindrical in form. According to Berland (1989), larval
morphological features including the absence of a ventricular appendage and an intestinal caecum are useful for the distinction
between several anisakid genera. Similarly, the identification of A. simplex L3 larvae were based on the presence of a long
ventriculus with an oblique ventricular-intestinal junction, without a ventricular appendage and intestinal caecum and the tip of
the tail bears a small spine or mucron (Berland, 1989; Yardimci et al., 2014) (Figure 1A, 1B). Morphological features were
measured (Table 1) and seen to be similar to the relevant literature (Table 2).
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Figure 1B. Anisakis simplex () (Original photo)

Table 1. Some measurements (um) of some morphological characters in third-stage larvae of Anisakis simplex.

Anisakis simplex Min.-Max.
Total Length (12789-28481)
2124444978
Body width (751-1299)
1046+225
Oesophagus length (2091-3167)
2790+407
Ventriculus Length (934-1908)
1577£321
Tail Length (162-223)
181+21
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Table 2. Comparative measurements (um) of L3 larvae of Anisakis simplex isolated from intestine of bogue Boops boops and
sardine Sardina pilchardus from Edremit Bay (Ayvalik), northern Aegean Sea between September and February 2015, and
previous studies (- indicates absence of data)

Morphological Hurst Afssa  Quiazon  Felizardo Al- Tepe Yardimcaa  Torcu Ko¢ This
characters (1984) (2006) et. al. et al. Zubaidy and et al. and study
(2008) (2009) (2010) Oguz (2014) Erdogan
(2013) (2020)

Total body 14.0- 18.0- 11.10- 15.3-16.0  12.45- 12.05-  12.80- 12.79- 12.79-
length 26.0 36.0 26.78 225 17.64 24.65 27.69 28.48
Body width 0.29- 0.3-0.7 0.38-0.60 0.35-0.37  0.13-0.41 0.30- 0.40-0.51 0.42-0.63  0.75-

0.56 0.54 1.30
Oesophagus 1.57- - 1.04-211 153-1.62 1.30-2.98 0.69- 0.98-1.87  1.02-2.14  2.09-
length 2.34 1.78 3.17
Ventriculus 0.47- - 0.50-0.78 0.22-0.25 0.56-0.99 0.50- 0.53-0.74  0.55-0.84  0.9-
length 0.85 0.81 1.91
Tail length 0.09- - 0.05-0.12 0.07-0.08 0.09-0.58 0.07- 0.08-0.11  0.09-0.13  0.16-

0.15 0.21 0.22
Spicule 0.015- - - 0.02-0.03 0.015- - - - 0.015-
(Mucron) 0.030 0.022 0.028

Fam: Anisakidae
Hysterothylacium aduncum (Rudolphi, 1802)
Synonym: Contracaecum aduncum (Rudolphi, 1802)
Host fish species: Boops boops, Sardina pilchardus
A total of parasite: 93

As to the morphology and anatomy of H. aduncum, they are also identified in details by Berland
(1989). H. aduncum adults possess a tapering tail without mucron or spicule. The ventriculus short, and the
venticular appendix is longer than the intestinal caecum. The excretory pore opens between subventral lips
according to Koyama et al. (1969) and Kikuchi et al. (1970). Body thinner anteriorly. Cuticle transversally
striated, lateral alae with support v-shaped in cross-section, starting behind the base of the lips and
extending all along the body, becoming narrower posteriorly (Navone et al., 1988) (Figure 2A, 2B). In
addition, the reason why that the intestinal caecum of H. aduncum was usually shorter than the ventricular
appendix confirmed the relevant literature (Table 3 and 4) (Vidal-Martinez et al., 1994). Morphological
characters of female and male H.aduncum were measured and seen to be in harmony with the previous
literature, respectively (Table 3, 4)

-

Figure 2A. Hysterothylacium aduncum () (Original photo)
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Figure 2B. Posterior part of Hysterothylacium aduncum (J)(Original photo)
Table 3. Comparative measurements (um) of Hysterothylacium aduncum (?) isolated from intestine of bogue Boops boops and
sardine Sardina pilchardus from Edremit Bay (Ayvalik), northern Aegean Sea between September and February 2015, and
previous studies (— indicates absence of data)

Morphological Navone et al. Shih and Jeng Felizardo et al. Tepe and Oguz Thisstudy
characters (1988) (2002) (2009) (2013)
Total body length 42.4-47.2 22.1 (10.3- 4.88-5.06 30.958-48.029 43.65-52.29
43.2) (37.770+ 67.71) (24.06+18.06)
Body width 0.58-0.65 0.33 (0.19- 0.09-0.22 0.03-0.66 0.04-1.4
0.42) (496 + 138) (0.6+0.5)
Oesophagus length 3.31-3.7 231 (1.29- 0.64-0.70 2.31-4.28 0.93-3.53
3.37) (3025 + 794) (2.18+1.40)
Ventriculus 0.71-0.75 0.89 (0.64- 0.15-0.17 0.53-1.05 1.02-1.19
appendange length 1.09) (684 +249) (1.12+0.09)
Tail length 0.3-0.35 - 0.23-0.25 0.1-0.32 0.1-0.14
(252 +77) (0.12+0.01)
Excretory  pore-distal - - - 0.41-0.56 0.24-0.79
end (479 £ 78) (0.39+0.26)

Table 4. Comparative measurements (um) of Hysterothylacium aduncum (3" isolated from intestine of bogue Boops boops and
sardine Sardina pilchardus from Edremit Bay (Ayvalik), northern Aegean Sea between September and February 2015, and
previous studies (- indicates absence of data)

Morphological characters Nanove et al. (1998) Shih and Jeng (2002) Tepe and Oguz (2013) This study
Total body length 23.7-25.8 (8.9-24.8) 18.7 18.879-44.457 10.98-42.77
(25.544+9661) (33.25+15.13)
Body width 0.27-0.39 (0.12-0.36) 0.31-0.40 0.8-11.78
0.26 (344 + 33) (8.53+5.2)
Oesophagus length 1.85-2.02 (1.26-2.96) 1.76-2.41 1.42-4.73
1.83 (1983 + 241) (3.49+2.23)
Ventricular appendage length  0.44-0.65 (0.64-0.96) 0.44-0.61 0.61
0.82 (498 + 65)
Tail length 0.13-0.17 - 0.8-0.20 0.1-0.16
(134 £ 40) (0.1£0.01)
Excretory pore-distal end - - 0.38-0.42 0.81-0.93
(401 £ 17) (0.9£0.07)
Intestinal ceacum length 0.82-1.20 (0.32-0.44) 0.50-1.00 0.28-2.78
0.38 (569 + 62) (2.1£1.2)
Spicule (Mucron) 0.69-1.1.41 0.78 0.95 0.6—1.95
(1.46+0.1)
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Fam: Anisakidae
Pseudoterranova decipiens (Krabbe 1878)
Host: Boops boops
A total of parasite: 2
Life cycle of P. Decipiens

The adult worm stage is found in the seal's stomach; released eggs are passed with feces into the marine environment.
Third stage larvae hatch from eggs and are ingested by invertebrates (copepods, amphipods) which are subsequently ingested by
teleosts to act as transport hosts. Like A. simplex, P. decipiens can be transmitted from fish to fish (Jensen, 1997). Adult stage
develops in seals which ingest infected teleosts (Buchman and Mehrdana, 2016) .

Diagnostic Remarks:

Total lengths of the nematod specimens ranged from 47116 pum to 58119 pum (Table 5). The morphological features
and anatomy of the anisakid nematode P. decipiens are described in detail by Berland (1989). L3 larvae of the parasite are
yellowish-brown and larger than Anisakis larvae (30—40 mm in length). External structures include an excretory pore, and a
longer and more slender terminal mucron or spicule. The ventricle is shorter and joins the intestine via a horizontal junction. A
characteristic intestinal ceacum projects from the intestine to the anterior end in the ventricular region. The tail is short, conic
and pointed. The tail of male P.decipiens is different from female, having a spicule (Figure 3B, Table 5). However, the adult
worms of Anisakidae examined were characterized by the typical “cactus tail” (Yoshinaga et al., 1987a; Navone et al., 1988).
The remaining internal structures are similar to those observed in A. simplex (Figure 3A, 3B). Morphological features were
measured (Table 5) and not seen to be similar to the previous investigations possibly due to lack of the parasite numbers (Table
6).

é
Figure 3A.

Figure 3B. Posterior part of male Pseudoterranova decihi'ens (Male) (Original photo by Kuran)
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Table 5. Morphometry (um) of L3 larvae Pseudoterranova decipiens isolated from intestine of bogue Boops boops between
September and February 2015, Edremit Bay (Ayvalik), northernAegean Sea. Mean +1 standard deviation (SD) and range.
Measurements are in (um).

Morphometric variables (um) Male (1 specimens) Female (1 specimen)
Body length 47116 58119

Body width 1350 1543

Nerve ring-anterior end - 1056

Oesophagus length 5116 6090

Ventriculus length 1320 3045

Tail length 183 162

Left spicule 2091 -

Right spicule 1979 -

Excretory pore-distal end 1096 -

Table 6. Comparative measurements (mm) of some morphological characters in L3 larvae of Pseudoterranova decipiens (J)
isolated from intestine of bogue Boops boops between September and February 2015, Edremit Bay (Ayvalik), northern Aegean
Sea and previous studies (— indicates absence of data)

Morphological Hurst Chai et al. Mercado et Felizardo Al-Quraishy et This study
Characters (1984) (1995) al. (1997) et al. al. (2019)
(2009)
N 19 2
Total body length 28.6-29.8 25.0-28.5 32.2 5.63-7.75 6.8-8.6 (7.2+1.1) 58.12 (F)
47.12 (M)
Body Width 0.88-1.18 0.6-0.8 - 0.16-0.18 0.16-0.21 1.5 (F)
(0.18+0.01) 1.3 (M)
Oesophagus length 1.91-2.03 - 2.2 0.78-1.20 0.79-0.96 6.09 (F)
(0.91+0.01) 5.12 (M)
Ventriculus length 0.76-0.90 - 11 0.05-0.15 - 3.05 (F)
1.32 (M)
Tail length 0.12-0.14 - 0.2 0.10-0.32 0.10-0.20 1.83 (M)
(0.15+0.01) 1.62 (F)
Right Spicule - - - - 2.09 (M)
Left Spicule - - - - 1.98 (F)
Nerve ring anteriorend  0.36-0.45 - 0.41 0.11-0.22 - 1.05 (F)
Excretory pore-distal - - - - 1.1 (M)
end
DISCUSSION

Sardina (S.pilchardus) and boque (B. boops) are pelagic fishes that feed on planktonic crustaceans and small fish
(Costalago and Palomera, 2014; Shawket et al., 2015) and may be therefore become infected with A. simplex, H.aduncum, and
P. decipiens by consuming small crustaceans (euphausiids, amphipods), which are intermediate hosts of these nematodes (Smith,
1983, 1984; Stromnes and Andersen, 1984; Pozzi et al. 1992; Manfredi et al., 2000). The Anisakidae are a family of intestinal
roundworms. The third stage larvae (L3) of A. simplex and H. aduncum were found within the intestine of both boques and
sardines while all L3 larvae of P.decipiens infected bogues. These observations agreed with data obtained by Klimpel and Palm
(2011) and Aytemiz etal. (2012) followed by Najda et al. (2018) whom stated that the digestive tract considered as the preferred
site of anisakid infection in marine mammals. The mophology of the present L3 larva of P. decipiens parasite includes the same
diagnostic generic features of genus Pseudoterranova by having an elongated body ending by a short pointed tail and agrees
much more with P decipiens described previously by Timi et al. (2013). Al Quraishy et al., (2019) also confirmed the
morphological and morphometric data of P. decipiens isolated from Engraulis anchoita and Lethrinus lentjan. In addition, it
resembled to records from Paralichthys isosceles by Felizardo et al. (2009) and Lophius gastrophysus with little difference in
measurements by Pifia-Vazquez et al. (2012).
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Although P. delicipens has been monitored to more than 30 marine fish species such as cod, pollock, halibut, and flatfish
all over the world, Bristow and Berland (1992) mentioned that Pseudoterranova spp. larvae and adults existed in very small
numbers compared with other Anisakis spp. In this present study, the lower number of P. decipiens larvae in B. boops suggest
that it might penetrate into the gastrointestinal systems of boques with its diet accidentally.

CONCLUSION

This study represented A. simplex, H. aduncum and P. decipiens found in the intestines of boques and sardines in
Edremit Bay. Of these parasites, the adults of P. decipiens parasites were first found in the intestines of B. boops. Parasitological
studies are very important for fish diversity in Turkish Seas. In the future, molecular analyses are required to provide more
specific information such as their distributions and infection values for parasitological studies and to understand the
epidemiology of anisakiasis.

Anisakid parasites can be a potential human pathogen if larvae are eaten alive with raw or inadequately cooked fish.
Evidence of hypersensitivity in humans to remnants of Anisakids has been reported, even following cooking (Anadon et al.,
2010). There is therefore a potential risk to susceptible individuals (. Aesthetically, severely affected fish are likely to be
unattractive to the consumer. Processed fish are screened for the presence of parasites but this is a time consuming and costly
process (Smith, and Wootten, 2012). Raw eating of bogues and sardinas caught from Turkish Seas should be avoided so as to
prevent human anisakiasis.

Besides, Anisakiasis is a zoonatic disease with a dramatic and serious increase in the view of its reported prevalence
throughout the world in the last years (Elarifi, 1982; Chai et al., 2005). Human can act as incidental host by ingestion of raw or
undercooked infected fish. Anisakis causes several symptoms such as stomach pain, vomiting (Smith and Wooten, 1978;
Mercado et al., 1997; Buchman and Mehrdna, 2016.), allergic reaction in humans (Audicana et al., 2002; Alonso-Gémez et al.,
2004). Nematodes should be evaluated as a public health problem by health authorities. The occurrence of Anisakids have
reduced the quality and marketing value of fishes (Abollo, 2001). Therefore, for wild and cultured marine fish, these parasites
should be taken care of.

Anisakid larvae present in fish flesh would be killed by freezing at —20 °C for 60 hrs. According to Margolis (1987),
cooking 3 cm-thick fish fillets of at °C60- °C70 for 7 or 10 minutes, respectively, will kill any codworm larvae present.
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