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Simple Summary: Anisakidae is a family in the phylum Nematode, which is probably the most
prevalent family of parasites found in marine mammals. These nematodes are colonizers of the
digestive system of marine vertebrates that use different crustaceans and fish species as intermediate
or paratenic hosts and humans as accidental hosts. Human anisakidosis, an infection caused by some
species of the family Anisakidae, occurs when shellfish, particularly fish, contaminated with the
infectious stage (third-stage larvae [L3]) of this parasite are consumed raw or undercooked. Data on
the species of Anisakis found in fish in the waters of the Canary Islands and epidemiological data in
general from this archipelago on this parasitic nematode are scarce, so the aim of this study was to
provide these data on fish with an interest in consumption in the Canary Archipelago. Five species of
Anisakis were identified, of which two have health relevance to humans. These findings are valuable
for the safe consumption of fish by the population and for the knowledge of health authorities when
it comes to a better diagnosis in hospitals and for future epidemiological and biomedical research.

Abstract: The study aimed to perform the molecular identification of Anisakis larvae in commercial
fish from the coast of the Canary Islands and to provide data on their infection level for the host and
the species of this nematode parasite that we could find in several species of commercial interest
in the Canary Archipelago. Fish specimens (n = 172) from the Canary coasts were examined for
parasites. In total, 495 larvae were identified; PCR was carried out for the entire ITS rDNA and
cox2 mtDNA region, obtaining sixteen sequences for the entire ITS rDNA region and fifteen for the
cox2 mtDNA, this being the first contribution of nucleotide sequences of Anisakis species of fish
caught from the Canary Islands. An overall prevalence of 25% was obtained in the fish analyzed, and
five species of Anisakis were identified, these being Anisakis simplex (s.s.), Anisakis pegreffii, Anisakis
physeteris, Anisakis nascettii and Anisakis typica and the hybrid Anisakis simplex x Anisakis pegreffii. The
results obtained in this study have relevance for public health, since the pathology will depend on
the species of Anisakis, so it is important to know the health status of fish in the waters of the Canary
Islands to assure a safer consumption and take adequate measures, in addition to the provision of
epidemiological data.

Keywords: Anisakis simplex (s.s.); Anisakis pegreffii; Anisakis typica; Anisakis physeteris; Anisakis
nascettii; Canary Islands; fish-borne zoonoses; anisakiasis; seafood safety
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1. Introduction

Anisakids are parasitic nematodes belonging to the Anisakidae family and subfamily
Anisakinae. This family includes, among others, the genera of health relevance, Anisakis,
Pseudoterranova and Contracaecum [1]. These parasites have an indirect life cycle; in the case
of Anisakis species, it involves cetaceans as final hosts, zooplankton as intermediate hosts
and fish and cephalopods as intermediate or paratenic hosts [2]. Humans act as accidental
hosts, acquiring infection through consumption of raw, cold-smoked, marinated, salted or
undercooked fish and squids infected with third-stage larvae of Anisakis species. Anisakid
nematodes are known to have low host specificity in the larval stage, and, in fact, more than
200 fish and 250 cephalopods species have been reported to harbor anisakids nematodes [3].
The presence of Anisakis spp. in fisheries products is of enormous importance to consumers
and food safety authorities, and fisheries and food industries, due to the associated disease
and possible loss of value.

Anisakidosis is one of the most important fish-borne zoonoses worldwide [4], caused
by nematodes of the Anisakidae family (genera Anisakis, Pseudoterranova and Contracaecum).
The family has the potential to affect human health, although not all the anisakid species
cause diseases in humans [5]. The term “anisakiasis” applies only to the disease caused
by Anisakis species [5]. At present, two species of the genus Anisakis are reported as the
causative agent of infections in humans, Anisakis simplex, sensu stricto (s.s), and Anisakis
pegreffii [6,7], with the first two being responsible for the most reported cases of human
infection. Currently, it is estimated that the total number of worldwide anisakidosis may
be over 76,000, and half of new cases are noted in Europe, especially in Spain and Italy [8].
Cases have been reported from the five continents: in Europe, for example, in Spain [9,10],
the Netherlands [11], Germany [12], Italy [13,14], Croatia [15], France [16] and the United
Kingdom [17]; in Africa, in Egypt [18]; in the Americas, in Peru [19], Hawaii [20] and
Canada [21]; as well as in Asia, specifically in Japan [4,22], Taiwan [23], Korea [24] and in
New Zealand [25].

According to the European Food Safety Authority [26], anisakid nematodes constitute
the most important “biological hazard” in seafood products. Although the first case of
anisakid infection was described by Luckart in Greenland in 1876 [27], the disease was more
widely described in the 1950s and 1960s, when epidemics of anisakidosis occurred in the
Netherlands [28]. The clinical manifestations and symptoms of anisakidosis depend on sev-
eral factors, such as the immune system of each person infected, and on the anisakid species
involved in infection. Symptoms of acute anisakidosis include severe abdominal pain,
nausea and vomiting. Some of these symptoms closely mimic peptic ulcer, appendicitis
or peritonitis, with the most concerning presentation being allergic sensitization, which is
usually serious and ranges from urticaria to anaphylactic shock [29]. To date, the treatment
for gastric anisakisis usually involves endoscopic removal of the worm, while patients with
intestinal disease may require surgical resection. There are some reports of albendazole
or thiabendazole treatment in isolated cases of human anisakiasis [30–32]. Nevertheless,
the best protection against anisakiasis is to educate consumers about the dangers of eating
raw fish and to recommend avoiding the consumption of raw or inadequately thermally
treated marine fish or cephalopods.

Since the discovery of the diseases, the prevalence of anisakidosis cases has increased
markedly worldwide. This increase may be due to several factors; on the one hand,
previously, many cases of gastric anisakidosis were underdiagnosed or misdiagnosed, and
currently, with the use of techniques, as for, example with endoscopy, this diagnosis has
been improved. On the other hand, the culinary habits have changed around the world,
and in regions where the consumption of raw fish or fish prepared with techniques that do
not kill the parasite was not so common, now, its consumption has increased, especially
in many Western countries, with an increased risk of exposure to the parasites [33]. The
EFSA recommends that research on parasites in fishery products involved in public health
be continued [26]. In Spain, to ensure compliance with food hygiene rules by the operators
concerned, Regulation (EC) No 854/2004 [34] lays down specific rules for the organization
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of official controls on products of animal origin intended for human consumption. These
controls are carried out through control procedures or programs implemented by the
autonomous communities.

Due to the scarcity of data in the Canary Islands on the epidemiology of Anisakis
spp. and its prevalence in the different species of fish on the Canary coast, and the
possible risk associated with the consumption of fish, it is necessary to clearly understand
the distribution of the anisakids species and their hosts. The purpose of this study was
to identify the anisakids larvae present in different fish species of economic importance
collected from markets and caught in the Canary Coast, using a genetic-molecular approach
to improve the epidemiological data of species of anisakids present in fish from the waters
of the Canary Islands.

2. Materials and Methods

Between October 2020 and December 2021, 172 specimens of 11 commercial fish
species caught in the Canary coast (13◦23′–18◦8′ W and 27◦37′–29◦24′ N), specifically
in zone FAO 34, described and designated by the Food and Agriculture Organization,
were collected from different markets in Tenerife island and examined: frigate tunas
(Auxis thazard; n = 14), white seabream (Diplodus sargus sargus; n = 2), European hake
(Merluccius merluccius; n = 27), striped red mullet (Mullus surmuletus; n = 6), common
pandora (Pagellus erythinus; n = 11), sardinelle (Sardinella aurita; n = 21), salema (Sarpa salpa;
n = 5), Atlantic chub mackerel (Scomber colias; n = 30), mackerel (Scomber scombrus; n = 16),
black tail comber (Serranus atricauda; n = 6) and blue jack mackerel (Trachurus picturatus;
n = 34). All the collected specimens were measured for their length (total length, TL) and
weight (body weight, TW) before necropsy and analysis.

After measurement, the fish were dissected and examined for anisakids. Briefly,
peritoneal cavity and digestive tract of fish samples were examined after making an incision
along the ventral line from the anus to the mouth. The viscera and muscles were isolated
in physiological saline solution and examined under Leica M80 stereo microscope (Leica
Mikrosysteme Vertrieb GmbH, Wetzlar, Germany) for the presence of nematode larvae.
The collected anisakid larvae were washed in saline solution, then fixed and preserved
in 70◦ ethanol. A random selection of these larvae was made for the molecular analysis:
eight from A. thazard, thirty from M. mercluccius, seven from S. colias and twelve from
S. scombrus. These specimens were cut in three portions; the central part was reserved for
molecular identification, and the anterior and posterior parts were cleared and mounted in
lactophenol between the glass slide and coverslip for morphological identification. The
morphologic features of the larvae were analyzed according to the available diagnostic
keys [35–37]. The microphotographs were taken with the Leica DM750 microscope model
ICC50 HD, (Leica Microsystems, Heerbrugg, Switzerland), and the measurement software
used was the Leica application suite (LAS) version 4.112.0 (License-Number. LAS32696,
Leica Microsystems, Heerbrugg, Switzerland). The characterization was mainly based on
the presence/absence of the mucron, the anatomy of the anterior part of the digestive tract,
the presence/absence of an apical tooth and lips, the caudal anatomy and the position of
the excretory pore.

The results are presented as means± standard deviations (SD) for continuous data and
proportions (prevalence) for categorical data. Epidemiological indices of prevalence (P%),
mean abundance (MA) and mean intensity (MI) of infection were calculated according
to Ref [38]. The 95% confidence intervals for prevalence using the approximate or exact
method, as appropriate, were included. For mean abundance and mean intensity, a 95%
confidence interval was provided based on normal theory only if the number of infested
individuals was large enough (≥30) in the sample. Otherwise, the bias-corrected and
accelerated approach (BCa) bootstrap confidence interval of Ref [39] was used. For the
length and weight of fish, a 95% confidence interval based on normal distribution was
provided when the assumption of normality was met, as assessed by the Q-Q Plots and
the Shapiro-Wilk test. When normal distribution was not achieved, a BCa confidence
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interval was used. Data analyses were carried out using the IBM® SPSS® version 25 (IBM
Corporation, Armonk, NY, USA) and R 4.0.2, (Vienna, Austria) [40] statistical software.

In order to obtain a molecular identification of the collected anisakids larvae, the
total genomic DNA was extracted following Ref [41], where each central part of the par-
asite found reserved in 70% ethanol was ground in a 1.5 mL tube containing 250 µL of
lysis buffer (30 mM Tris-HCl pH 8.0, 10 mM EDTA, 0.4% SDS) and 3 µL of proteinase
K (20 ng/µL) and then incubated at 56 ◦C overnight. Afterward, 250 µL of 4M NH4Ac
was added and mixed thoroughly, followed by 30 min incubation at room temperature.
Afterward, the samples were centrifuged at 13,000 rpm for 10 min, and the supernatant
was transferred to another tube and submitted to centrifugation with absolute ethanol and
70% ethanol in two consecutive steps. The DNA extraction procedure was checked using
DeNovix DS-11+ Spectrophotometer (Wilmington, USA). The entire region of the nuclear
ribosomal internal transcribed spacer (ITS rDNA) was amplified using primers NC5 (5′-
GTAGGTGAACCTGCGGAAGGATCATT-3′) and NC2 (5′-TTAGTTTCTTTTCCTCCGCT-
3′) [42]. On the other hand, the mitochondrial cytochrome c oxidase subunit II gene (cox2
mtDNA) was amplified using primers 211F (5′-TTTTCTAGTTATATAGATTGRTTYAT-3′)
and 210R (5′-CACCAACTCTTAAAATTATC-3′) [43]. The PCR amplification contained 1X
Buffer (Bioline, London, UK), 0.2 mM of each dNTP (Bioline, London, UK), 1 µM of each
primer, 1U of Taq DNA polymerase (Bioline, London, UK), 1.5 mM MgCl2 (Bioline, London,
UK) and 20–30 ng of total genomic DNA in a total volume of 50 µL. The amplification was
conducted with an XP Cycler (Bioer Technology Co., Hi-tech, Hangzhou, China) using the
following parameters: 3 min at 94 ◦C followed by 35 cycles of denaturation at 94 ◦C for 30 s,
annealing at 55 ◦C for 30 s and extension at 72 ◦C for 30 s, with a final extra extension step
at 72 ◦C for 5 min. The PCR products were detected by electrophoresis of 1 µL of amplified
DNA using 1.2% agarose gel at 100 V for 45 min.

The PCR products for the entire ITS rDNA and cox2 mtDNA region were sequenced
in Macrogen (Madrid, Spain) with the Sanger sequencing method. The analysis of the se-
quences was carried out with MEGA X (Molecular Evolutionary Genetic Analysis) software
(Hachioji, Japan) [44], using the multiple alignment program ClustalW included in MEGA
X, and minor corrections were made by hand. Sequences were compared with the available
published sequences in GenBank by the BLAST (blastn) program. The molecular identi-
fication of the entire ITS rDNA and cox2 mtDNA region was achieved by phylogenetic
analysis trough the neighbor-joining distance method (NJ) with the p-distance model [45]
and maximum-likelihood (ML) method with the Tamura-Nei model [46], both with at least
1000 bootstrap replications in MEGA X using the sequence Contracaecum osculatum (Acc.
Number.: MT288528) as the outgroup.

3. Results

The presence of Anisakis spp. larvae was detected in 25% of the fish analyzed, four of
the eleven species being positive: A. thazard (21.43%; 3/14), M. mercluccius (85.18%; 23/27),
S. colias (26.6%; 8/30) and S. scombrus (62.5%; 10/16). The overall results obtained for the
172 examined fish are reported in Table 1.

A total of 495 larvae were collected and firstly assigned morphologically [35–37] to
the larval morphotype-Type I (n = 489) and Type II (n = 6) (Figure 1). Type I larvae had
an elongated ventricle and a mucron at the caudal end, and Type II larvae had a shorter
ventricle and no mucron. The larvae identified as Type I presented differences in the
ventricular and intestinal junction; some showed an oblique junction, and others had a
straight junction. In addition, the larvae of Type I had a short and rounded tail, while the
larvae of Type II had a more elongated tail.
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Table 1. Record of measurements, weight and body length of fish examined during October
2020–December 2021. Prevalence, mean intensity and mean abundance of Anisakis larvae found.

Host Species
(Common Name)

Prevalence of
Anisakis Larvae

P (%) (+/n)
(CI 95%)

Ncoll
Mean Intensity

(CI 95%)
Mean

Abundance
(CI 95%)

Mean T.W. ± S.D
(CI 95%)

Mean T.L. ± S.D
(CI 95%)

Auxis thazard
(frigate mackerel)

21.43% (3/14)
(4.66%, 50.8%) 14 4.67

(1.00, 7.67)
1.00

(0.07, 3.62)
340.18 ± 29.97
(322.88, 357.49)

29.24 ± 0.87
(26.14, 28.97)

Diplodus sargus sargus
(white seabream)

0% (0/2)
- 0 - - 257.745 ± 55.22

-
25.50 ± 2.12

-

Merluccius merluccius
(European hake)

85.18% (23/27)
(66.27%, 95.81%) 205 8.91

(5.44, 16.76)
7.59

(4.44, 14.45)
271.69 ± 57.34
(249.01, 294.38)

27.56 ± 3.58
(26.24, 28.86)

Mullus surmuletus
(red mullet)

0% (0/6)
- 0 - - 219.07 ± 61.92

(190.74, 295.3)
23.30 ± 0.84
(22.4, 23.8)

Pagellus erythinus
(common Pandora)

0% (0/11)
- 0 - - 222.06 ± 69.04

(190.03, 270.69)
25.59 ± 2.55
(24.41, 27.27)

Sardinella aurita
(sardinelle)

0% (0/21)
- 0 - - 117.78 ± 22.00

(108.66, 126.89)
21.16 ± 2.37
(20.08, 22.24)

Sarpa salpa
(salema)

0% (0/5)
- 0 - - 269.90 ± 26.83

(251.57, 295.93)
26.90 ± 0.74
(26.3, 27.4)

Scomber colias
(Atlantic chub mackerel)

26.6% (8/30)
(12.28%, 45.89%) 10 1.25

(1.00, 1.50)
0.33

(0.13, 0.57)
237.73 ± 88.67
(210.05, 274.06)

29.99 ± 3.58
(28.65, 31.32)

Scomber scombrus
(mackerel)

62.5% (10/16)
(35.43%, 84.8%) 266 26.60

(8.80, 56.65)
16.63

(5.12, 39.25)
330.96 ± 51.37
(308.65, 357.14)

29.95 ± 2.81
(28.93, 31.84)

Serranus atricauda
(black tail comber) 0% (0/6) 0 - - 138.36 ± 19.27

(124.37, 152.25)
22.08 ± 1.02
(21.33, 22.75)

Trachurus picturatus
(blue jack mackerel) 0% (0/34) 0 - - 52.90 ± 13.10

(49.19, 57.87)
18.69 ± 1.36
(18.22, 19.17)

Ncoll: larvae collected; CI: Confidence interval of 95%; Mean T.W. ± S.D (min, max) (g): average total weight with
standard deviation and (minimum value-maximum value) obtained; Mean T.L. ± S.D (min, max) (cm): average
total body length with standard deviation and (minimum value-maximum value) obtained; Prevalence of Anisakis
larvae P (%) (+/n); Mean intensity % (range); Mean abundance % (range).

From the random selection of larvae used for molecular identification, sixteen se-
quences were obtained for the entire ITS rDNA region and fifteen for the cox2 mtDNA
gene. Nucleotide sequences obtained in this work were submitted to the GenBank database
under the accession numbers OM328159-OM328168, OM328178-OM328183 for the entire
ITS rDNA region and OM417311-OM417325 for cox2 mtDNA.

The amplification of the entire ITS rDNA region and cox2 mtDNA produced a fragment
of approximately 1200 bp and 672 bp, respectively. The blast search showed that the
sequences identified in this study matched with previously reported nucleotide sequences
of the Anisakis species: A. simplex (s.s.), A. pegreffii, the hybrid Anisakis simplex × Anisakis
pegreffii, Anisakis nascettii, Anisakis physeteris and Anisakis typica. The list of hosts and species
of Anisakis identified in them is shown in Table 2 (Table S1).

Table 2. List of species of fish infected and Anisakis species identified.

Host Species Molecularly Identified Species of Anisakis

Auxis thazard

Anisakis simplex (s.s.)
Anisakis pegreffii
Anisakis typica
Anisakis simplex × Anisakis pegreffii

Merluccius merluccius
Anisakis simplex (s.s.)
Anisakis pegreffii
Anisakis simplex × Anisakis pegreffii

Scomber colias Anisakis nascettii
Anisakis physeteris

Scomber scombrus Anisakis simplex (s.s.)
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Figure 1. Microscopic images of third-stage larvae of Anisakis species found in this study (mag-
nification 20×). (1a–1e), anterior regions of Anisakis pegreffii, Anisakis physeteris, Anisakis nascettii,
Anisakis simplex (s.s.) and Anisakis typica, respectively. (2a–2e), middle part of A. pegreffii, A. physeteris,
A. nascettii, A. simplex (s.s.) and A. typica, respectively. (3a–3d), posterior parts of A. pegreffii, A. nascettii,
A. simplex (s.s.) and A. typica, respectively. All images correspond to larval Type I, with the exception
of images (1b) and (2b), which correspond to larval Type II.

The alignments of 1026 bp and 553 bp for the entire ITS rDNA region and cox2 mtDNA,
respectively, were used for phylogeny. For the entire ITS rDNA region, the sequences with
Acc. number OM328163 and OM328159 were not taken into account for the quality of
the chromatogram.
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The phylogeny analyses confirm the identity of the Anisakis species observed by
BLAST. The trees based on the entire ITS rDNA region and cox2 mtDNA gene show a
clade, including the species complex Anisakis composed of A. simplex (s.s.), A. pegreffii
and also the hybrid A. simplex × A. pegreffii with a bootstrap value of 100% and 99%,
respectively. These species were obtained from A. thazard, M. merluccius and S. scombrus
for A. simplex (s.s.), and from A. thazard and M. merluccius for A. pegreffii and the hybrid
A. simplex × A. pegreffii. On the other hand, the species A. nascettii found in S. colias forms
a distinct clade with 100% bootstrap. Anisakis physeteris found in S. colias, is included in
the other clade with 100% bootstrap for the entire ITS rDNA region. Finally, A. typica
identified in A. thazard is included in the clade of this species with 95% and 86% bootstrap,
respectively (Figures 2 and 3).
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Figure 2. Phylogenetic analysis using the neighbor-joining method with p-distance and 1000 bootstrap
replications based on the entire ITS rDNA region. Sequences exploring the relationships among
Anisakis spp., including the nucleotide sequences obtained in this study (shown in bold). Contracaecum
osculatum was used as an outgroup.
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Figure 3. Phylogenetic analysis using the maximum likelihood method with p-distance and 1000
bootstrap replications based on the cox2 mtDNA. Sequences exploring the relationships among
Anisakis spp., including the nucleotide sequences obtained in this study (shown in bold). Contracaecum
osculatum was used as an outgroup.

4. Discussion

The oceanographic characteristics of the Canary Islands are influenced directly by the
Canary current (descending branch of the Gulf Stream), which flows south-southwest and
transports cold water from the northernmost latitudes and to their proximity to the African
continent, where an outcropping of deep water of an east-west direction is generated, which
generates a strong productive development [47,48]. In turn, the islands function as barriers
to atmospheric and oceanic flows due to the presence of trade winds and the Canary Islands
current that induces the formation of structures such as eddies between the islands and
warm trails to leeward [49,50], which influence and delimit the possible areas of important
production and accumulation of plankton biomass, while it could accumulate or disperse
the larvae of fish and zooplankton [51–55]. These factors, in addition to the orography of
the archipelago, provide the optimal conditions to host in its water an enormous marine
diversity, 5300 marine species being present in the Canary Islands, and of these, 500 fish
and 80 cetaceans species [56]. Specifically, this number of cetaceans constitutes 30% of
whales and dolphins known today, making the Canary Islands one of the places in the
world with the greatest diversity of cetaceans [50]. For food safety, the parasitological study
of the anisakids species in shellfish, fish and cephalopods is limited due to the increasing
numbers of fish and crustacean hosts for Anisakis spp. [26]. Almost three decades ago, the
most common hosts of A. simplex (s.s.) were spotted chub mackerel (Scomber japonicus)
and Japanese flying squid (Todarores pacificus) [57]. Furthermore, Abollo and collaborators
concluded that most species of cephalopods and fish can potentially harbor these marine
parasitic nematodes, as 200 fish and 25 cephalopods species have been identified as hosts
for Anisakis spp. [58], as well as crustacean-some of them of commercial importance [59].

The percentage of parasitism of fish by anisakids species may be affected by different
factors derived, in part, from the characteristics of their biological cycle, with the host
and its geographical origin having the greatest influence [60–63]. Several authors have
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considered that the differences observed between the different geographical areas are due
to the number of cetaceans that live in each area [9,63,64]. In the case of the Canary Islands,
as we mentioned above, the number of cetaceans is high, and consequently, the number
of Anisakis would also have to be elevated, since the probability of these completing their
cycle is high. The prevalence data observed in some of the families analyzed, such as the
Merlucciidae family (85.18%), are similar to the prevalence rates reported worldwide [65].
In this sense, several articles have shown that the fish families most vulnerable to Anisakis
infection were Merluccidae, Lophiidae, Trichiuridae, Zeidae and Gadidae [65].

Spain is the fourth country in the world in terms of fish consumption, with an average
of 46.5 kg per person, ranking behind Portugal, Norway and Japan, according to official
figures of the Food and Agriculture Organization of the United Nations (FAO) [66]. In
the Canary Islands, the consumption of fish is common, and several typical dishes of
the local cuisine are based on fish products, such as “jareas”, consisting of gutted fish,
which are dehydrated with salt and dried in the sun for about four days. In addition, the
production of canned seafood is common in some of the coastal regions of the archipelago,
as is the consumption of anchovies in vinegar. Among the most consumed species in
the archipelago are M. merluccius, S. colias and S. scombrus [61], analyzed in this work, in
addition to T. picturatus and A. thazard, also of high consumption. In the present study,
Anisakis larvae were found in four of these species: M. merluccius, S. colias, and S. scombrus
and A. thazard.

Globally, among seafood-borne parasites, members of the genus Anisakis are consid-
ered the most important parasites in relation to human infections [65], since some of them
can cause a disease called anisakiasis [67] of serious public health concern globally, being
one of the most severe fish-transmitted infections to humans [68]. They are among a few
parasites that are known to be dangerous and deadly, even if they are dead in properly
cooked seafood [68]. Some studies report patients reacting to Anisakis proteins after the
ingestion of cooked or canned fish [69], although it is thought that prior exposure to live
larvae is necessary [68]. Many Anisakis allergens are resistant to cooking and degradation
by the digestive enzyme pepsin.

Of the 10 accepted Anisakis species, 5 were identified molecularly in this study in
the Canary coast, two of them, A. simplex (s.s.) and A. pegreffi, being of health relevance,
previously cited as causing anisakiasis. To our knowledge, the present study provides the
first nucleotide sequence data of Anisakis spp. in A. thazard, M. merluccius, S. colias and
S. scombrus from the Canary coast.

With regard to the two Anisakis species with sanitary relevance found in the fish of
this study, A. simplex (s.s.) and A. pegreffii are sibling species, under sympatric conditions,
sharing intermediate and paratecnic hosts [62]. Over the years, several authors have studied
and compared the pathogenicity of both species, since they are the species involved in
cases of anisakiasis in humans. Previous studies have shown that A. simplex (s.s) is more
pathogenic than A. pegreffii due to its greater penetration capacity, greater tolerance to acid
and a greater tendency to migrate to the muscles [70–73]. In Japan, most cases of human
anisakiasis, where the identification of molecular species was carried out, are caused by
infection by A. simplex (s.s.), while in Italy, the responsible species is A. pegreffii [67,71,73–76].

The data on anisakidosis in the Canary Islands are scarce compared to those of other
regions, since its declaration is not mandatory, and a specific diagnosis is often not made
in hospitals. In this study, A. simplex (s.s.) was detected in A. thazard, M. merluccius and
S. scombrus with a high prevalence. On the other hand, A. pegreffii, was also detected in
A. thazard and M. merluccius. These fish species are highly consumed in the Canary Islands
and used in a wide variety of typical dishes, so it is important to take this into account
when consuming raw or undercooked fish due to the risk of the presence of this nematode.

Anisakis physiteris infection has rarely been reported in some pelagic and demersal fish
species in the Atlantic and Pacific Oceans—concretely, in species of fish of the family Scom-
bridae, Scomber australasicus, S. japonicus and S. scombrus [62]. In this study, this nematode
was detected in S. colias, constituting the first detection of A. physiteris in this species.
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Regarding A. typica, previous studies have detected that it presents lower proportion
compared to other Anisakis species. However, this species has higher proportion in pelagic
species of migratory fish, such as A. thazard, in Indonesian waters, where they have high
prevalence [77]. In our study, A. typica was detected only in A. thazard, agreeing with the
aforementioned antecedents.

Up to now, a small number of teleost species have been identified as intermedi-
ate/paratenic hosts of A. nascettii, most of them belonging to the demersal teleost species
of the families Merlucciidae, Carangidae, Scombridae, Oreosomatidae, Trachichytiidae and
Tichiuridae, being rarely cited; in fact, the records for these fish species consist of a very
low number of larvae identified among the hundreds of other Anisakis species [6,56]. In our
study, A. nascetti was identified by nucleotide sequence in S. colias, previously identified in
the Canary Islands by the PCR-RFLP technique [78].

The majority of human reports only identified the parasite as Anisakis larval type [79],
and even if the parasite was reported as A. simplex (s.s.), no reliable evidence was provided
to adequately confirm the species’ identity. This, in addition to the fact that in Spain
the declaration of human cases of anisakidosis is not obligatory, can be indicative of an
underdiagnosis or, directly, a misdiagnosis of cases of this parasitic disease.

It is important to note that, in this study, the identification of several species of Anisakis
was carried out with the contribution of nucleotide sequences for the first time in a wide
range of fish species caught in the waters of the Canary Islands with a high interest in
human consumption. In addition, the prevalence data were provided for these species
to be taken into account when consuming them. The species-level identification of these
parasitic nematodes has sanitary relevance, since, depending on the species, the associated
pathology will be different.

5. Conclusions

In the present study, five out of the ten accepted Anisakis species were detected in
commercial fish caught of the Canary coast, two of them being zoonotic species, A. simplex
(s.s.) and A. pegreffii. Moreover, a high prevalence of anisakids larvae was detected in
A. thazard, M. mercluccius, S. colias and S. scombrus, the species being in high demand from
consumers in the Canary Islands, increasing the risk for public health by the consumption
of raw or undercooked fish. It would be interesting to conduct surveillance studies on
anisakids in other fish species, with an interest in consumption in the Canary Islands, to
know their health status and take it into account when consuming and assess its possible
impact on public health. Finally, the implementation of diagnosis at the species level in
hospitals would be interesting.
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