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Abstract

NISAKIASIS, caused by nematodes from the Anisakidae family, has become a notable global

health issue, primarily due to the increased consumption of raw or undercooked seafood. This
study investigated the occurrence and prevalence of Anisakis larvae in commonly sold fish in
Egyptian markets. Morphological and molecular techniques were employed to identify the larvae. Our
findings revealed a high prevalence of Anisakis larvae, with 85% of Atlantic herring (Clupea
harengus) and 52% of Atlantic mackerel (Scomber scombrus) being infected. The mean intensity of
infection was 11.17 larvae per infected herring and 4.03 larvae per infected mackerel, while the mean
abundance was 9.5 larvae per herring and 2.1 larvae per mackerel. Detailed morphological analysis
identified the larvae as Anisakis simplex type 1, characterized by specific anatomical features visible
under light and scanning electron microscopy. DNA sequencing of the Internal Transcribed Spacer
(ITS) region was aligned with GenBank data, confirming the identity of the larvae as 4. simplex. This
study highlights the significant presence of Anisakis larvae in the Egyptian fish supply, emphasizing
the need for public health interventions to mitigate the risks associated with consuming raw or
undercooked fish. The application of molecular techniques has enhanced our understanding of the
species composition and potential health impacts of Anisakis in Egypt, contributing to global efforts
to manage anisakiasis.
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Introduction into third-stage larvae (L3) [7]. These L3 larvae
infect various fish and cephalopod species, serving as
intermediate or paratenic hosts [8]. Human infection
occurs when people consume raw or inadequately
cooked fish harboring these infective L3 larvae
[9,10]. While unable to complete their life cycle in
humans, these larvae can cause significant
pathological  changes, leading to  clinical
manifestations of anisakiasis [11]. The complex
nature of this life cycle contributes to the challenge
of controlling anisakid infections and highlights the
importance of understanding the ecology of these
parasites in different regions [12]. The
Mediterranean region has witnessed an increasing
trend towards consuming raw or undercooked
seafood, influenced by the global popularity of
dishes such as sushi [13,14]. This cultural change has
led to a rise in reported anisakiasis cases in countries

Anisakiasis, a zoonotic disease caused by nematodes
of the family Anisakidae, has emerged as a
significant global health concern [1]. The causative
agents, larvae Dbelonging to genera such as
Pseudoterranova, Anisakis, and Contracaecum, are
widely distributed in aquatic ecosystems worldwide
[2]. The rising incidence of anisakiasis is linked to
the increasing popularity of consuming raw or
minimally processed seafood, with Japan accounting
for over 90% of the nearly 20,000 reported cases
globally [3, 4]. The life cycle of anisakid nematodes
involves multiple host species [5]. Adult worms
inhabit the gastrointestinal tracts of marine
mammals, producing eggs that are shed into the
ocean via fecal matter [6]. Upon hatching, these
larvae invade small crustaceans where they develop
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like Italy, Spain, and France [15,16]. Egypt,
traditionally not associated with raw fish
consumption, has also observed this trend emerge,
with sushi and other raw fish products becoming
increasingly available in urban areas [17,18]. The
growing popularity of imported fish species like
Atlantic salmon (Salmo salar) and Atlantic mackerel
(Scomber scombrus) for raw consumption in Egypt
raises concerns about the potential risk of anisakid
infections [19]. This shift in dietary preferences
underscores the need for comprehensive studies to
assess the prevalence of anisakid parasites in the
Egyptian fish supply and the potential health risks to
consumers [20].

Despite its public health implications, there is a
paucity of comprehensive studies on anisakiasis in
Egypt. Some studies have identified Anisakis larvae
in fish sold in Egyptian markets, but significant
knowledge gaps persist [3, 6, 11, 12]. The
occurrence, prevalence, and molecular identification
of Anisakis larvae in ready-to-eat fish products and
imported fishes in Egypt remain understudied [3].
Epidemiological data on anisakiasis infections
among the Egyptians are limited and inconclusive
[3]. This lack of data hampers efforts to implement
effective prevention strategies and may leave the
population vulnerable to an emerging health threat
[6]. The prevalence of anisakid larvae in commonly
consumed, locally caught fish species such as
Atlantic herring (Clupea harengus), Mediterranean
horse mackerel (Trachurus trachurus), and Atlantic
mackerel has received minimal scientific attention
[3, 6, 10, 11]. Understanding the parasite burden in
these species is crucial for assessing the risk to
Egyptian consumers and for developing targeted
interventions [12, 13].

While morphological examination can identify
Anisakis larvae to the genus level, species-level
identification requires molecular techniques such as
DNA sequencing [3, 6]. The internal transcribed
spacer (ITS) gene has been proven to be an effective
molecular marker for distinguishing between
Anisakis species [3]. Sequencing this gene region
from isolated parasites can provide more accurate
species identifications compared to morphology
alone, offering valuable insights into the
epidemiology and potential health impacts of
different Anisakis species [6]. The application of
these molecular techniques in the Egyptian context
could enhance our understanding of the anisakid
species present in the local fish supply and their
potential impact on human health [3].

This study aimed to investigate the occurrence
and prevalence of Anisakis larvae in commonly sold
fish in Egyptian markets. This study employed
morphological ~and  molecular  identification
techniques to accurately identify Anisakis spp present
in the sampled fish. This approach allowed for a
more nuanced understanding of the parasite species
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composition and potential health risks. These
objectives provided a comprehensive understanding
of Anisakis infections in the Egyptian fish supply,
informed public health interventions, and offered
insights into the emergence of anisakiasis as a public
health concern in the context of evolving food
culture.

Material and Methods

Fish Sampling

To comprehensively investigate the occurrence
and prevalence of Anisakis larvae in commonly sold
fish in Egyptian markets, a total of 200 fish
specimens were collected over four months from
July to October 2022. The sample comprised 100
Atlantic herring (Clupea harengus) and 100 Atlantic
mackerel (Scomber scombrus), representing fish
species commonly consumed in Egypt. These species
were chosen due to their popularity in Egyptian
markets. Atlantic herring specimens had an average
length of 38 + 5.2 cm and weight of 695 £ 454 g,
while Atlantic mackerel averaged 31 + 2.3 cm in
length and 425 + 25.3 g in weight. The fish were
randomly collected from retail markets across
various regions of Egypt. To maintain sample
integrity, the fish specimens were transported to the
laboratory, in insulated boxes with ice. This method
of transportation is crucial for preserving the
condition of potential parasites. Upon arrival at the
laboratory, each fish underwent a thorough external
and internal examination. The specimens were
eviscerated, and portions of the muscles, pyloric
caeca, and other internal organs were meticulously
analyzed for the presence of parasitic larvae. This
comprehensive examination approach allows for the
detection of Anisakis larvae in various anatomical
locations, providing a more accurate assessment of
parasite distribution within the host.

Parasitology Examination

The collection and preservation of Anisakis larvae
is a critical step in both morphological and molecular
analyses. Third-stage larvae (L3) of Anisakis spp.
were extracted from both fish species. These L3
larvae are in the infective stage for humans and are
typically found in fish muscles or viscera. The larvae
were observed either free in the body cavity or
encapsulated in the mesentery of the pyloric caeca,
intestine, or ovaries, consistent with known Anisakis
infection patterns. A stereoscopic  dissecting
microscope was employed for the precise removal of
encapsulated larvae from infected organs. This
method ensures minimal damage to the larvae, which
is crucial for subsequent morphological and
molecular analyses. Following extraction, the larvae
were rinsed with phosphate-buffered saline (pH 7.2)
to remove host tissue debris and preserved at 4°C.
This preservation method allows for larval
relaxation, facilitating more accurate morphological
identification.
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Morphological identification

To assess the extent of Anisakis infections in the
sampled fish, key parasitological parameters were
calculated using the Parasitology web version [14].
These parameters included prevalence (percentage of
infected hosts), mean intensity (average number of
parasites per infected host), and mean abundance
(average number of parasites across all examined
hosts, including uninfected individuals). These
metrics provide valuable insights into the infection
dynamics and potential risks to human consumers.
Morphological identification of Anisakis larvae is an
essential first step in species determination. Isolated
larvac were cleared with lactophenol and slide-
mounted in glycerin jelly for microscopic
examination [15]. This technique enhances the
visibility of key morphological features. Light
microscopy was used to examine specific
characteristics, including the structure of lips
surrounding the anterior end, the presence or absence
of a boring tooth, the shape of the ventriculus in the
esophagus, and the configuration of the postanal tail
and its terminal mucron or spine [16]. These features
are crucial for distinguishing Anisakis from other
nematode genera and for preliminary species-level
identification.

Scanning Electron Microscopy (SEM)

Some larvae were fixed in 2.5% glutaraldehyde
for analysis under Scanning Electron Microscopy
(SEM). SEM analysis offers high-resolution imaging
of surface structures, which can reveal subtle
morphological differences between Anisakis species
that are not visible under light microscopy. This
technique allows for a more comprehensive
examination of the larvae's external features,
providing additional criteria for species identification
and comparative morphological studies [17,18].

Genomic DNA Extraction

Molecular techniques are essential for accurate
species-level identification of Anisakis larvae.
Genomic DNA was extracted from L3 larvae using a
Real Pure kit (Ref RBMEGOI1), following the
manufacturer's protocol. Spectrophotometric analysis
was performed using a NanoDrop™
spectrophotometer (Thermo Fisher Scientific, USA)
to determine DNA concentration and purity. The
integrity of the extracted DNA was evaluated using
agarose gel electrophoresis. The presence of a high
molecular weight band with minimal smearing
indicated high-quality, intact genomic DNA suitable
for PCR amplification. This method ensures high-
quality DNA extraction, which is crucial for
subsequent PCR amplification and sequencing.

Molecular characterization

The ITS region was targeted for PCR
amplification using Anisakis-specific primers [19].
The primers used were Forward primer (NC5): 5'-

GTAGGTGAACCTGCGGAAGGATCATT-3'
Reverse primer (NC2): 5'-
TTAGTTTCTTTTCCTCCGCT-3'.  The initial
denaturation phase was set at 95°C for 10 minutes,
followed by 35 cycles of denaturation (95°C for 30
seconds), annealing (58°C for 30 seconds), and
elongation (72°C for 30 minutes). The final
elongation step was conducted at 72°C for 10
minutes, with the samples subsequently maintained
at 4°C [21]. The amplicons were then separated on a
1.0% agarose gel, stained with 1% ethidium bromide,
and examined under UV light. Two samples
representing Anisakidae L3 larvae were selected for
sequencing - one from Atlantic herring and one from
Atlantic mackerel. These samples were purified and
sequenced by Macrogen Incorporation (Seoul,
Korea) using BigDye technology on an automated
ABI3730XL DNA sequencer (Applied Biosystems,
Foster City, USA).

The DNA sequences underwent manual editing
using BioEdit version 7.0 [22]. These sequences
were then aligned with other ITS regions available in
GenBank, utilizing the NCBI Local Alignment
Search Tool. Following this analysis, the finalized
sequences were submitted to the DNA GenBank
nucleotide sequence database. For phylogenetic
analysis, the neighbor-joining method with 1000
bootstrap replications was employed, using MEGA
X [23]. The parameters included the maximum
composite likelihood for the ITS region. Both
transitions and transversions were considered in
substitutions, homogeneous patterns among lineages
were assumed, partial deletion was applied, and
uniform variation rates among sites were used.
Toxascaris leonina was selected as the outgroup for
this analysis.

Results
Incidence of Anisakid Larval Infections

This study examined a total of 200 commercially
important fish specimens, equally divided between
Atlantic herring and Atlantic mackerel, for the
presence of anisakid nematode larvae. The
prevalence of infection in Atlantic herring was found
to be 85 %, with a mean intensity of 11.17 larvae per
infected fish and an overall mean abundance of 9.5
larvae per fish sampled. In contrast, Atlantic
mackerel showed a lower infection rate, with 52 % of
specimens infected, a mean intensity of 4.03 larvae
per infected host, and a total mean abundance of 2.1
larvae per mackerel examined (Table 1).

Parasitological analysis

Upon gross external examination, the naturally
infected fish exhibited no discernible lesions or
abnormalities, which is consistent with the typically
asymptomatic nature of anisakid infections in fish
hosts. However, detailed postmortem investigations
revealed the presence of Anisakis spp. larvae in
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various locations within the fish. The parasites were
predominantly found in the abdominal cavity and
visceral organs, including the liver, spleen, and
intestines. The larvae were observed in two distinct
states: either encapsulated on the serosal surfaces of
organs or freely floating within the body cavity. This
distribution pattern is characteristic of anisakid
infections and reflects the larval migration patterns
within the fish host (Fig. 1).

Microscopic Morphology

The larvae isolated from both fish hosts were
identified as A. simplex type 1 (Nematoda:
Anisakidae; Dujardin, 1845) based on microscopic
examination. These nematodes exhibited an
elongated cylindrical body tapered at both ends,
characteristic of their species. At the anterior end,
three inconspicuous lips surrounded the oral opening,
accompanied by an identifiable boring tooth - a
feature typical of third-stage anisakid larvae. Light
microscopy revealed this prominent boring tooth at
the anterior end (Fig. 2A, B), which was further
confirmed by ultrastructure microscopy (Figure 3A,
B, C). The esophagus displayed a clear division into
two sections: an anterior muscular portion measuring
1.95 £ 0.3 mm in length, followed by a posterior
glandular ventriculus portion of 0.95 £ 0.2 mm
length. Between the esophagus and intestine, an
obliquely oriented junction (ventriculus) was
observed, measuring 1.3 + 0.12 mm in length (Figure
2C, D). The outer cuticle of the larvae was distinctly
striated transversely along the entire body length,
providing a key diagnostic feature. This
characteristic striated cuticle was visible under both
light microscopy (Fig. 2F) and ultrastructure
microscopy (Fig. 3D, E). Posteriorly, the larvae
demonstrated the typical anatomy of A. simplex L3
larvae, including one spicule and a short mucron or
spine at the tail end, measuring 0.030 £ 0.03 mm in
length (Fig. 2E). The pointed anterior end of the
larvae was particularly well-illustrated in the
ultrastructure  micrograph  (Fig. 3F). These
morphological characteristics, observed through both
light and ultrastructure microscopy, collectively
supported the identification of the larvae as A.
simplex type 1, aligning with established taxonomic
descriptions for this species at the third larval stage.

Molecular identification of Anisakis sp.

The ITS gene sequences extracted from Anisakis
larvae type I isolates in herring and mackerel were
submitted to GenBank, receiving accession numbers
OP702963 and OP702964, respectively. Sequence
alignment firmly positioned these two isolates within
the Anisakidae family, confirming their identity as A.
simplex. Intraspecific comparison of the two A.
simplex isolates revealed a high similarity of 99.45%,
with only five nucleotide differences, indicating
minimal genetic variation. BLAST analysis against
existing Anisakis spp. sequences demonstrated
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varying degrees of homology: highest similarity
(99.11-97.52%) with A. simplex (MT355317;
OM418763; MH819241, MHS819242, LC745133,
MG272325), followed by 96.89% with A. berlandi
(MK325187), 94.76% with A. pegreffii (AY603531),
and 92.80% with 4. typica (MT271946; MN420659).
Lower homologies were observed with A.
ziphidarum (90.69%, JN005767; JN005766), A.
brevispiculata (88.33%, KC342887), A. paggiae
(88.17%, EU624345), A. nascettii  (87.91%,
JX486104), and A. physeteris (87.44%, EU327691).

Phylogenetic analysis of A. simplex

Phylogenetic tree analysis elucidated the
evolutionary relationships among Anisakis spp, with
particular emphasis on 4. simplex (Fig. 4). The two
A. simplex isolates from this study (OP702963 and
OP702964) formed a robust subclade with A. simplex
(MT355317), supported by a high bootstrap value of
99%. This A. simplex subclade is embedded within a
larger, strongly supported group (bootstrap value
100%) that includes A. berlandi (KY524216;
MK325187) and 4. pegreffii (AY603531),
illustrating the intricate phylogenetic associations
within the genus. The tree topology delineates the A.
simplex subclade from other Anisakis spp., including
A. ziphidarum, A. nascettii, A. brevispiculata, A.
paggiae, A. physeteris, and A. typica, each forming
distinct branches or subclades. The phylogenetic tree
was rooted using 7. leonina (MN175138) as an
outgroup, providing context for interrelationships
within the Anisakis genus. This comprehensive
molecular and phylogenetic analysis confirms the
taxonomic classification of the 4. simplex isolates
from this study and provides valuable insights into
species relationships within the Anisakis genus.

Discussion

The global decline in animal protein availability,
particularly in developing countries, underscores the
critical importance of fish as an economical protein
source for growing populations. Fish and shellfish
contribute approximately 25% of the total animal
protein consumed by humans worldwide [4].
However, parasitic infections, especially those
caused by anisakid nematodes, significantly
compromise the quality, quantity, and economic
value of fish catches [24]. The World Health
Organization (WHO) estimates that nearly 56 million
cases of foodborne parasites originate annually from
fish consumption [7]. In this context, our study
provides crucial insights into the prevalence and
molecular characterization of Anisakis simplex in
Atlantic herring (C. harengus) and Atlantic mackerel
(S. scombrus) sold in Egyptian markets, with
significant implications for public health and food
safety in Egypt, particularly considering evolving
dietary habits and the increasing consumption of raw
or undercooked fish [25].
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Our investigation revealed a high prevalence of
Anisakis infection, especially in Atlantic herring
(85%), which is alarming and consistent with reports
from other regions. For instance, infection rates of up
to 90% in Atlantic herring were reported from the
North Sea [5]. The lower prevalence in Atlantic
mackerel (52%) aligns with previous findings [7],
which observed variable infection rates in mackerel
depending on fishing grounds and seasons. The
distribution of Anisakis larvae within the fish hosts,
primarily in the abdominal cavity and visceral
organs, corroborates the typical infection pattern [8].
This distribution pattern has significant implications
for food safety, as improper evisceration or
preparation of fish may lead to the migration of
larvae into the muscle tissue, thereby increasing the
risk of human infection.

The morphological characteristics observed
through light microscopy and scanning electron
microscopy (SEM), including the presence of a
boring tooth, obliquely oriented ventriculus, and
striated cuticle, are consistent with the previous
description of A. simplex third-stage larvae [9, 17].
The use of SEM in this study allowed for more
detailed observation of surface structures, enhancing
the accuracy of morphological identification.
However, recognizing that morphological features
alone are insufficient for accurate species-level
identification, we employed molecular techniques for
definitive characterization.

The molecular analysis using the ITSer region
confirmed the identity of the larvae as A. simplex,
with high similarity (99.45%) between isolates from
herring and mackerel. This finding supports the
reliability of the ITS region as a molecular marker
for Anisakis species identification [3]. The high
homology with A. simplex sequences from other
geographical regions suggests a widespread
distribution of this species, which is concerning from
a global food safety perspective. Our phylogenetic
analysis revealed close clustering of our 4. simplex
isolates with previously reported sequences (e.g.,
MT355317), supporting the accuracy of the
identification. The clear separation from other
Anisakis species in the phylogenetic tree, such as A.
pegreffii and A. physeteris, underscores the genetic
distinctiveness of A. simplex and the importance of
molecular techniques in species-level identification.
The varying degrees of homology observed with
other Anisakis species (e.g., 96.89% with A.
berlandi, 94.76% with A. pegreffii) reflect the
complex evolutionary relationships within the genus.
These findings align with  comprehensive
phylogenetic studies which demonstrated the
existence of distinct genetic lineages within the A.
simplex complex [25].

The high prevalence of 4. simplex in commonly
consumed fish species in Egypt raises significant
public health concerns. Anisakiasis, caused by the

accidental ingestion of live Anisakis larvae, can lead
to gastrointestinal symptoms and allergic reactions
[27]. The increasing popularity of raw fish dishes in
Egypt [3], combined with the high infection rates
observed in this study, suggests a potential rise in
anisakiasis cases if proper preventive measures are
not implemented. Moreover, the presence of A.
simplex in fish products can pose risks even when the
fish is cooked, as heat-stable allergens can trigger
allergic reactions in sensitized individuals [31]. This
aspect is particularly relevant in the Egyptian
context, where awareness of anisakiasis and its
associated risks may be limited.

The changing food preferences and ecological
patterns revealed through this study necessitate
urgent multidimensional preventative interventions.
These should engage diverse stakeholders across
production-to-consumption pathways to transform
risky perceptions, attitudes, and practices related to
this neglected parasitic disease. Expanding
epidemiological understanding can strengthen
evidence-based development of integrated fish-borne
zoonoses control programs within local contexts.

In terms of remedies, most processing focuses on
killing larvae via freezing, salting, smoking, or
heating fish adequately before consumption.
However, practical challenges constrain adoption
feasibility for small producers. Visual inspection
offers a cheaper alternative to identify and reject
visibly infected fish but cannot detect internal
encysted larvae. While such measures combined can
reduce risks, implementing them significantly adds
to production costs, threatening the sustainability of
small fishery enterprises across developing countries
[31]. An alternative strategy targets interrupting the
passage of larvae from crustaceans to fish hosts
through integrated parasite management of fishing
areas. This requires further research into
environmental factors favoring transmission to
identify water bodies with lower infection levels for
fishing. Concurrently, public health education should
address safe traditional recipe preparation,
appropriate cooking methods, and hygienic handling
among communities [32]. At wholesale and retail
levels, suppliers and vendors represent key channels
for consumer engagement through awareness
creation and transparent trade practices like visible
parasite disclaimers.

Conclusions

Our study reveals widespread A. simplex larvae
infestation in popular Egyptian table fish, posing
zoonotic risks through consumption habits. The high
prevalence in edible tissues and the absence of clear
signs hinder detection by fishers and consumers. This
emerging health challenge necessitates integrated
approaches across the production-to-consumption
chain to ensure food safety as Egyptian dietary habits
evolve. Future research should expand to more fish
species, seasons, and locations, employing multiple
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genetic markers for comprehensive Anisakis
distribution and population insights.
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TABLE 1. Prevalence (P), Mean Intensity (MI), and Mean Abundance (MA) of Isolated Anisakid Larvae in the

Examined Fish.

Fish host Fish sample  No. inf. fish  No. isolated larvae P MI MA
Atlantic herring 100 85 950 85.00% 11.17 9.5
Atlantic mackerel 100 52 210 52.00% 4.03 2.1

Fig. 1. A: The naturally infected fish showed no discernible external lesions. B: postmortem investigations revealed
Anisakis spp. larvae in the abdominal cavity. C: Anisakis spp. larvae on the serosal surfaces of visceral organs.
D: Anisakis spp. larvae encapsulated in the liver. E: Anisakis spp. larvae freely floating in the body cavity. F:

Anisakis spp. larvae in the intestines.
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Fig. 2. Light Microscopic Micrograph Illustrating the Anterior and Posterior Ends of A. simplex Type 1. A, B:
Anterior end of A. simplex Type 1, featuring a prominent boring tooth. C, D: Depiction of the oblique
esophago-intestinal junction (ventriculus). E: The posterior end of the third-stage larvae, displaying one
spicule and a short mucron or spine. F: Whole larva covered with a transverse striated cuticle.

Fig. 3. Ultrastructure Microscopic Micrograph Revealing the Anterior and Posterior Ends of A. simplex Type 1. A, B,
C: Anterior end of A. simplex Type I, highlighting a prominent boring tooth. D, E: Whole larva covered with a

transverse striated cuticle. F: Pointed anterior end of the larva.
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Anisakis simplex {OP702964)-this study

Anisakis simplex (MT355317)

Anisakis simplex (OP702963)-this study
1000 Apicakis berfandi (KY524216)

Anisakis pegreffi (AY603531)
Anisokis berlondi {MK325187)

Anisakis ziphidarum {(JNO05767)

1008 Apisakis ziphidarum (JNOD5S766)

Anisakis nascettii (JX486104}

1008 gpicakis nascettii (JQ912692)

10" Anisakis brevispiculata (K(342887)
Anisakis brevispiculata {(AB592793)
Anisakis physeteris (EU327691)
Anisakis paggiae (EU624345)
Anisakis paggiae {JQ912695)
Anisakis physeteris (AB201789)
Anisakis typica (MT271946)

100l Apisakis typica (MN420659)

Toxascaris leonina [MN175138)

e
04050

Fig. 4. A. simplex phylogenetic analysis using ITS region. The Neighbor-Joining method was used to build the tree.
The number of nucleotide substitutions per site is shown by the scale bar at the base of the tree. The GenBank
accession numbers of the strains were provided. Outgroups included 7. leonina.

basin. Res. J. Pharma. Biol. Chem. Sci., 6(3), 1537—
1548 (2015).
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