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Abstract: The presence of third stage larvae (L3) of Anisakis spp. in wedge sole, Dicologlossa cuneata
(Moreau, 1881), purchased in fishmarkets in the city of Granada (Andalusia, southern Spain) was
assessed. The wedge sole were caught in two FAO zones: area 27.1Xa NE Atlantic (SW Spain coast)
and area 34.1.11 CE Atlantic (NW Morocco coast). Only Anisakis larvae, type I, were detected in the
largest fish (>20 cm) from the CE Atlantic. These were molecularly identified as A. simplex s.s. The
prevalence (P) of Anisakis in this area was 12.5% and the mean intensity (MI) was 1. The presence of
Hysterothylacium spp. larvae was also detected in the fish from both areas, with the prevalence being
approximately double in the CE Atlantic area (12.5 vs. 5.7). A comparison between the Anisakis-
infected and non-infected fish from this area showed that the former were significantly longer than
the latter (p < 0.01). These results show that Anisakis parasitization of wedge sole sold in the markets
of the city of Granada is of low prevalence and intensity (P = 4.5, MI = 1), especially in those from
area 27.IXa (P = 0), indicating that the risk of human infection is low, particularly as this fish is
traditionally prepared by deep-frying in oil in Andalusia (southern Spain).

Keywords: wedge sole; Dicologlossa cuneata; anisakiasis; Anisakis; Hysterothylacium; Andalusia;
Spain; FAO 27.1Xa; Morocco; FAO 34.1.11

1. Introduction

Anisakids are parasitic nematodes whose life cycle includes an enormous variety of
fish, mainly marine, which can act as hosts for their third stage larvae (L3). Some of these
nematodes may be ingested by humans on consuming fish and/or squid containing viable
larvae and may result in anisakiasis/anisakidosis. The causative agents most frequently
identified are those of the genera Anisakis (~97%) and Pseudoterranova (~3%) [1-3]. The
most frequent etiological agent is Anisakis simplex s.1. The ingestion of the viable larvae of
these parasites can lead to the appearance of digestive symptoms (intense pain which may
be accompanied by nausea, vomiting, diarrhoea, etc.), allergic symptoms (urticaria,
angioedema, etc.) or both in what is known as gastroallergic anisakiasis [1-3]. Many
studies have identified these parasites in fish belonging to a wide range of orders and
families. However, few of these studies have involved the Pleuronectiformes (flatfish) [4—
10], particularly those of the family Soleidae [11-15].

The wedge sole, Dicologlossa cuneata (Moreau, 1881), despite being a commercially
important species in some areas and especially in Spain and Portugal, has been rarely
studied. It is a demersal marine fish which can also live in brackish water and is usually
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found at depths of between 10 and 150 m, although it has been recorded at 460 m.
Belonging to the family Soleidae (sole) it is found all along the Eastern Atlantic coast from
the Bay of Biscay to South Africa and is also present in some parts of the Mediterranean.

It is highly prized in Andalusia (southern Spain), particularly around the Gulf of
Cadiz, where more than 225,000 kg of wedge sole were landed in 2020 [16]. The aim of the
present study was to identify the anisakid species they contain in order to determine
whether the wedge sole on sale in southern Spain represent a risk to consumer health. The
fishmarkets of the city of Granada were chosen for this purpose. The concurrence of fish
from two different but adjacent FAO catch areas has provided an opportunity to compare
them in terms of anisakiasis risk to the consumer.

2. Results
2.1. Host

The 110 wedge sole examined ranged from 15.0-26.6 cm in length and from 21.8-
170.0 g in weight while the condition factor (CF) was from 0.56-1.11 (Table 1). The
relationship between weight (W) and total length (L) resulted in a potential line with an
exponent close to 3 (W = 0.0014 - L355%; coefficient + 0.0003 (SD) and exponent * 0.0754
(SD), R?2 = 0.9439]) implying a cubic relationship as generally considered in the literature
for fish [17,18]. Statistical comparison of the length, weight and CF of the fish revealed
significant differences for these parameters between the two areas sampled (Table 1, p <<
0.001), with those from area 27.IXa having the lower values.

Table 1. Epidemiological parameters of Anisakis spp. and Hysterothylacium spp. infection, total and by catch zones, in
wedge sole sampled in fishmarkets in Granada (Spain).

Parameters Both Zones Zone 27.IXa Zone 34.1.11
Host
No. of fish (F) 110 70 40
Mean weight + SD 57.9 +38.0 342 +6.8 99.4 +34.4 ***
(range) (21.8-170.0) (21.8-56.5) (48.4-170.0)
Wedge sole Mean length + SD 19.2+31 17711 22.8 2.0
(range) (15.0-26.6) (15.0-19.6) (18.5-26.6)
Condition factor + SD 0.72+0.11 0.67 £0.07 0.81 £0.11 ***
(range) (0.56-1.11) (0.56-0.94) (0.60-1.11)
Parasites
Prevalence (%) 12.7 5.7 25.0 **
CI95% 0.08-0.20 1.6-14.0 12.7-41.2
S Mean intensity (range) 1.07 (1-2) 1(1) 1.10 (1-2)»s
Ascaridoids CI95% 1.00-1.21 uncertain 1.00-1.30
Mean abundance 0.14 0.06 0.28*
CI95% 0.07-0.21 0.01-0.11 0.13-0.43
Prevalence (%) 4.5 0 12.5**
CI95% 0.02-0.10 0.0-5.1 4.2-26.8
o Mean intensity (range) 1 0 1(1)rs
Anisakis Spp- CI95% uncertain nd uncertain
Mean abundance 0.05 0 0.13*
CI95% 0.01-0.08 uncertain 0.03-0.22
Prevalence (%) 8.2 5.7 12.5ns
CI95% 0.04-0.15 1.6-14.0 4.2-26.8
, Mean intensity (range 1.11 (1-2 1(1 1.2 (1-2)ns
Hysterothylacium spp. CI 952/2 rane) 1.00—(1.323 unce(rt)ain 1.0(()—1.410
Mean abundance 0.09 0.06 0.15ns
CI95% 0.04-0.15 0.01-0.11 0.05-0.30

Weight in g, length in cm. Prevalence = 100-N/F, mean intensity = A/N, mean abundance = A/F; where F is the total number
of fish, N is the number of infected fish, and A is the number of larvae. SD: standard deviation. CI: confidence interval.
nd: not determined. A Student’s t-test comparison of the length, weight and condition factor between zones FAO 27.IXa
and 34.1.11 showed high significance (*** p << 0.001). Comparison of the epidemiological parameters between zones: ** p
<0.01; * p <0.05; ™, not significant.
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2.2. Morphological and Molecular Identification. Epidemiological Parameters

Morphological identification revealed five L3 Anisakis type I (sensu Berland [19]) and
six L3 and four L4 of Hysterothylacium spp. in the fish. The five larvae of Anisakis were
found on the surface of the fish, sometimes attached to them as if abandoning the host
while of the 10 larvae of Hysterothylacium spp., six were found in the visceral cavity and
four following pepsic digestion of the viscera. No fish was parasitized by both ascaridoids
at the same time and only one fish contained more than one larva (a wedge sole from the
Atlantic coast of Morocco with two L3 of Hysterothylacium). Table 1 shows the total
epidemiological parameters, revealing the prevalence of ascaridoids to be 12.7%: 4.5 % for
Anisakis spp. and 8.2 % for Hysterothylacium spp. Of the 110 wedge sole studied, 70 were
from the Spanish coast (FAO 27.IXa, NE Atlantic) and 40 from the northwestern coast of
Morocco (FAO 34.1.11, CE Atlantic). Analysis of the epidemiological parameters by area
revealed that although there was a lower occurrence of Hysterothylacium spp. in area
27.IXa, the difference between the areas was not significant (p = 0.28). On the other hand,
Anisakis spp. was only detected in area 34.1.11 (p < 0.01), where the larger fish were found
(p<0.004) (Tables 1 and 2). All the larvae of Anisakis were subjected to a molecular genetic
study by PCR-RFLP and identified as A. simplex s.s.

Table 2. Epidemiological parameters of Anisakis spp. and Hysterothylacium spp. infection, according to length classes, in
wedge sole sampled in fishmarkets in Granada (Spain).

Length (cm) <17.0 17.0-19.9 220.0
Parasites Fish number (F) 29 45 36
Prevalence (%) ™ 34 8.9 25.0
CI95% 0.1-17.8 2.5-21.2 12.1-42.2
L. MI (range 1 1 1.11 (12
Ascaridoids C§ 95"/go ) uncertain uncertain 1.00—(1.33)
MA 0.03 0.09 0.28
CI95% 0.00-0.10 0.02-0.18 0.11-0.44
Prevalence (%) * 0 0 13.9
CI95% 0.0-11.9 0.0-7.9 4.7-29.5
-y MI 1
Anisakis spp. CI95% 0 0 uncertain
MA 0 0 0.14
CI95% 0.03-0.25
Prevalence (%) 34 8.9 11.1
CI95% 0.1-17.8 2.5-21.2 3.1-26.1
. MI (range 1 1 1.25 (12
Hysterothylacitm spp. C§ 95‘7% ) uncertain uncertain 1.00—(1.50)
MA 0.03 0.09 0.14
CI95% 0.00-0.10 0.02-0.18 0.03-0.31

Prevalence = 100-N/F; MI, mean intensity = A/N; MA, mean abundance = A/F; where F is the total number of fish, N is the
number of infected fish, and A is the number of larvae. CI: confidence interval. ANOVA comparison of prevalence by
length classes showed significance (* p < 0.004) for Anisakis; ™, not significant.

Finally, the length, weight and CF of parasitized and non-parasitized fish in the two
areas studied were compared (Table 3). In area 27.IXa only significant differences in length
were observed, with the fish parasitized by Hysterothylacium being larger (p < 0.01).
However, these differences were not found in area 34.1.11. Analysis of the parasitization
by Anisakis in this area of the Central Atlantic, the only area where this parasite was found,
showed significant differences in weight (p = 0.05) and length (p <0.01) but not in CF (Table
3).

Table 3. Length, weight and condition factor of uninfected and infected wedge sole sampled in the fishmarkets of Granada

(Spain), by catch area.
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FAO Area Parameters Ascaridoids * Hysterothylacium spp. Anisakis spp.
) . U 33.7+6.2 33.7£6.2
-~ Fish weight +SD I 422 +12.0 422 +12.0m ND
JAQ,
" . U 17.1+1.0 171+ 1.0
NE Atlantic, . Fish length + SD I 185+ 1.4 18.5 4 1.4 ND
coast of SW Spain U 0.67 +0.07 0.67 % 0.07
Condition factor + SD I 0.65 0,06 0.65 + 0,06 ND
. , U 96.2 +33.5 100.7 +34.6 95.4 +33.3
4111 Fish weight + SD I 109.1 +37.27s 90.8 + 35.6 127.3+32.0%
Y ) U 225+1.9 229+1.9 25+1.9
CE Atlantic, coast Fish length + SD I 235403 2234260 248410 %
of NW Morocco
Condition factor + SD U 0.81+0.13 0.81+0.13 0.81+0.13
- I 0.81 £0.12ms 0.78 +0.11 s 0.83 +0.13ms

#The only ascaridoids detected in the fish from the Gulf of Cadiz (FAO 27.IXa) were of the genus Hysterothylacium. SD:
standard deviation. U: uninfected fish. I: infected fish. ND: Anisakis not detected. Student’s t-test comparison of length,
weight and condition factor between uninfected and infected fish: ** p < 0.01; * p = 0.05; ", not significant.

3. Discussion

The wedge sole is a fish of high commercial value in the coastal areas where it is
found and is traditionally exploited by a fleet of bottom-trawl and gillnet boats. It tends
to be found on sand or mud substrates where it feeds on a wide variety of small benthic
organisms, principally crustaceans, polychaetes and bivalve molluscs [20]. Belghyti et al.
[21] reported that in D. cuneata benthic or epifaunal animals, especially amphipods of
which up to 16 species were found in stomach contents, polychaete annelids constitute
the main part of the diet, regardless of the age of the fish. The smaller prey animals, such
as brachyurae, mysids and cumaceans tend to disappear from the diet of older fish [22].
These feeding habits may serve to explain ascaridoid infestation, particularly that by
Hysterothylacium spp., since they use invertebrates as their first intermediate host,
particularly crustaceans (copepods and amphipods, and less often, mysids, isopods,
decapods and euphausiids) with some chaetognaths, ctenophores, cnidarians and
echinoderms (see [23] for references). Anisakis spp. generally employs euphausiids and
large calanoid copepods as their first intermediate host (see [3] for references), although
other invertebrates have occasionally been described in the literature. The largest
planktonic or benthic invertebrates (crustaceans, chaetognaths and polychaetes) and fish
can act as transport hosts for both parasites. However, the most frequent hosts do not
appear to form a major part of the wedge sole’s diet. This may explain the low prevalence
and intensity of the two parasites in our fish. Nonetheless, the present study shows that
in Anisakis, but not in Hysterothylacium, there is a relationship between catch area and
parasitization (Table 1). This is particularly relevant as an increasing number of studies
relate the risk of infection of fish by Anisakis with the catch area [24-28]. It is also true that
in many cases a direct relationship has been reported between fish size and prevalence
[25,28,29], suggesting a greater probability of ingestion of Anisakis with increasing fish
age, although this does not occur in all species of fish [30-32] possibly due to changes in
diet, to immune system activity or to a greater mortality of fish with a high intensity of
parasitization [31,33,34]. In the present study a greater prevalence in the larger fish was
also observed (Table 2), corresponding to the catch area 34.1.11. It is not possible to state
whether this correlates more strongly with the catch area or fish size, although it seems
likely that both factors were involved simultaneously. Various possible causes have been
suggested to relate infection rates with the catch area, such as a greater presence of both
intermediate and definitive hosts which would favour the life cycle of the parasites.
Another studies, relating infection levels to fish size, consider the accumulation of
parasites throughout the life of the host as it has been established that Anisakis simplex s.1.
can survive for between 3-5 years in the host fish [34,35]. In the case of the wedge sole, its
larger size facilitates the capture of larger prey (such as euphausiids, chaetognaths,
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polychaetes or small fish) and/or greater quantities of prey with the concomitant increase
in the probability of infection, as observed in the present study (Tables 2 and 3).

Fulton’s Condition Factor (CF) for fish [17] has been considered to be an indicator of
general health [36]. However, infection by Anisakis does not appear to have affected it in
the wedge sole sampled (Tables 1 and 3). Although there is some controversy regarding
the effects of parasitization on CF, the intensity in the present study was so low as to be
unlikely to affect this parameter and the differences found are more likely due to the
degree of development of the fish, with the smallest having the lowest CF (Table 1). It is
possible that the CF is affected when the parasitization intensity is high (or as suggested
by Serrat et al. [37], it will be affected when the parasite burden affects the availability of
energy for the fish) and by other factors such as season, age/length or maturity of the fish
([34,38], see also [39] and references)], as may be the case in the present study. However,
other authors have not found any relationship between parasitization and CF
[25,29,34,40].

Few studies have been carried out to investigate the parasitization of wedge sole by
anisakids and these appear to have been limited to catch area 27.IXa, where Anisakis, but
not Hysterothylacium, were recorded. In Spain, De la Torre Molina et al. [41] found none
in a sample of 35 wedge sole, probably caught in the Gulf of Cadiz, from a fishmarket in
the province of Cérdoba (Andalusia). Neither did Silva and Eiras [15] find any anisakids
in a sample of 25 wedge sole from the west coast of Portugal. At a later date, Marques et
al. determined the prevalence of Anisakis spp. in wedge sole all along the Portuguese coast,
finding larvae of the genus Anisakis in the north (P =2.5%; 160 fish) but none in the centre
(175 fish) or south (155 fish) [12], as occurred in the present study for the coast of the Gulf
of Cadiz, adjacent to the south coast of Portugal (Figure 1). These authors identified the
larvae as A. pegreffii [13]. However, the fish from the northern coast of Morocco (catch area
34.1.11) showed a prevalence of 12.5% for larvae of Anisakis type I (sensu Berland [19]),
although always at a minimal intensity (Table 1). It has not been possible to locate data
for this catch area in the literature to compare with the results of the present survey,
although studies on other fish species have confirmed the presence of Anisakis spp. in the
Atlantic waters of Morocco [42-44]. With regard to the larvae of Anisakis attached
externally to the wedge sole, this may be due to a possible migration of the larvae towards
the exterior following the death of the host, as reported for anchovies [24,45]. It should
also be remembered that these wedge sole were from Morocco and had thus been dead
for longer, as mentioned previously.
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Figure 1. Map indicating the FAO fish catch areas of the sampled wedge sole in the Atlantic Ocean
and the fishmarkets of Granada (e) in which the presence of Anisakis in this fish host has been
surveyed.

Genetic analysis of the larvae of Anisakis collected from the wedge sole from catch
area 34.1.11 revealed all to be A. simplex s.s. Although previous studies of other fish species
in this area reported finding both A. simplex s.s. and A. pegreffii as well as hybrids between
the two [42,46], the hypothesis that the former is principally benthic and the latter pelagic
[47,48] appears to be supported by the presence of only the former in the wedge sole,
which are a benthic fish. Furthermore, Mattiucci et al. [49] established the southern limits
of the territory of A. simplex s.s. at 35 °N, roughly the catch area (northern Atlantic coast
of Morocco, between 33 °N and 36 °N) in zone FAO 34.1.11 (Figure 1).

This survey shows that the wedge sole sold in the fishmarkets of Granada have a low
prevalence and medium intensity of the larvae of Anisakis (P = 4.5%, MI = 1), implying a
low risk of infection to the consumer. Furthermore, the most highly prized and widely
available wedge sole in the city is that from the Gulf of Cadiz, where no Anisakis spp. were
detected, thus representing no risk of anisakiasis to the consumer. In addition, wedge sole
from the northern Atlantic coast of Morocco, despite containing Anisakis (P = 12.5%),
present only a low risk of infection due to a minimal intensity and the culinary tradition
in Andalusia of deep-frying the fish in oil.

4. Materials and Methods
4.1. Hosts and Search for Parasites.

We randomly selected 110 wedge sole from two large fishmarkets in the city of
Granada (Andalusia, southern Spain) between December 2020 and March 2021, recording
their origin. The majority (65.4%) were caught in the Gulf of Cadiz, FAO area 27.IXa (SW
Spain coast, Figure 1), and landed in the ports of the area (Isla Cristina, Sanltcar de
Barrameda and Bahia de Cadiz). Some of the fish purchased (34.6%) had been imported
from Morocco (caught in FAO zone 34.1.11, NW Morocco coast, Figure 1), which involved
an interval of more than 24 hours between catching and sampling, unlike the fish from
the Gulf of Cadiz (less than 24 hours between catching and sampling). The fish were kept
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refrigerated while being transported to the laboratory, where, after identification as
Dicologlossa cuneata (Moreau, 1881), their weight and total length was recorded. The
Fulton’s condition factor (CF) of the fish, an index of the apparent health of the fish [36],
was calculated using the formula CF =100 x W/L3, where W = total weight (g) and L = total
length (cm) [17,18]. Each specimen was examined externally for possible macroparasites
and, after washing with tap water, was dissected for parasitological study, separating the
musculature and viscera and examining them thoroughly for nematodes. After this
examination, the viscera and musculature of each fish were subjected separately to pepsic
digestion at pH 2.0, at 37 °C as described previously [25] for 1 h for the former and 3 h for
the latter. Next, the remains of the digestion were carefully examined to detect any
possible nematodes. The ascaridoids found were then morphologically identified to the
genus level [19,50-52].

4.2. Genetic Identification of Anisakis spp. larvae.

For the genetic identification of the larvae, polymerase chain reaction followed by
restriction fragment length polymorphism (PCR-RFLP) of the ribosomal fragment ITS1-
5.85-1TS2 was carried out. Each larva was individually prepared for DNA isolation using
a commercial RealPure kit according to the manufacturer's instructions. The selected
rDNA fragment was amplified wusing the primers: NC5 (forward) 5
GTAGGTGAACCTGCGGAA GGATCATT 3, and NC2 (reverse) 5'
TTAGTTTCTTTTCCTCCGCT 3', described by Zhu et al. [53]. Amplification was carried
out with the following programming: one cycle of 94 °C for 5 min, 60 °C for 30 s, 72 °C for
90 s; 35 cycles of 94 °C for 30 s, 60 °C for 30 s, 72 °C for 60 s; and a final cycle at 94 °C for
30's, 60 °C for 30 s and 72 °C for 5 min, then cooled and kept at 4 °C until use. The expected
size of the amplified fragment was around 1000 bp. RFLP of the amplicons was then
performed with the restriction enzymes Taql and Hinfl (Fast Digest), used individually at
a final concentration of 0.5 U/ul and at temperatures of 65 °C and 37 °C, respectively, for
10 min. A 3% agarose gel electrophoresis was performed to visualise the banding patterns
of the Anisakis type I larvae studied, in order to determine the species [54,55]. Tagl
digestion controls of the A. simplex s.s. DNA amplicon produced 3 fragments of 430, 400
and 100 bp, while those of the A. pegreffii produced 3 bands of 400, 320 and 150 bp. When
digested with the Hinfl, the fragments were 620, 250 and 100 bp for the A. simplex s.s. and
370, 300 and 250 bp for the A. pegreffii.

4.3. Epidemiological Parameters and Statistical Comparisons

Epidemiological parameters of prevalence (P), mean intensity (MI) and mean
abundance (MA), as defined by Bush et al. [56], were calculated and compared using the
free Quantitative Parasitology 3.0 software [57] to cope with notoriously left-skewed
parasite frequency distributions, based on the theoretical work of Rozsa et al. [58] and
Reiczigel et al. [59]. Differences in prevalence were assessed using Fisher's exact test. A
bootstrap 2-sample t-test (with 20,000 repetitions) was used to compare mean intensities
and mean abundances. ANOVA and, when significant, the Student's t-test were used for
the statistical comparison of parasitization of fish of different length classes. As wedge
sole maturity occurs in the length range of 17-19.9 cm [60], the fish were grouped into
three length groups for study: <17 cm or immature fish; 17-19.9 cm or fish in the period
of completing maturity; and > 20.0 cm or fully mature fish. The Student's t-test was used
for a pairwise comparison of length, weight and condition factor of the fish.
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