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Abstract

Background: Anisakis and Pseudoterranova are the main genera involved in human infections caused by nematodes
of the Anisakidae family. Species identification is complicated due to the lack of differential morphological
characteristics at the larval stage, thus requiring molecular differentiation. Pseudoterranova larvae ingested through
raw fish are spontaneously eliminated in most cases, but mechanical removal by means of endoscopy might be
required. To date, only very few cases of Pseudoterranova infection have been reported in France.

Case presentation: A 19-year-old woman from Northeastern France detected, while brushing her teeth, a larva
exiting through her mouth. The patient who presented with headache, diarrhea, and abdominal cramps reported
having eaten baked cod. The worm was a fourth-stage larva with a size of 22 x 0.9 mm, and molecular
biology identified it as Pseudoterranova decipiens sensu stricto (s. s.). In a second P. decipiens infection case, occurring a
few months later, a worm exited through the patient’s nose after she had eaten raw sea bream.

Conclusion: These two cases demonstrate that Pseudoterranova infection is not uncommon among French patients.
Therefore, molecular techniques should be more widely applied for a better characterization of anisakidosis epidemiology

in France.
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Background

Several helminth parasites of fish can infect humans, the
most common genus being Anisakis, usually A. simplex s.s
and A. pegreffii and less commonly Pseudoterranova and
Contracaecum genera. Anisakidosis is encountered world-
wide, though its prevalence is higher in countries where
fish is primarily consumed raw. About 20,000 cases of ani-
sakidosis have been reported worldwide, most of them in
Japan [1-3]. Pseudoterranova decipiens (P. decipiens) is
the second most common Anisakidae found in humans
[1, 4]. While rare in Europe, this nematode species is more
frequently found in North America, Japan, Korea, and
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Chile [5-9]. A number of sibling species belong to this P.
decipiens complex that is genetically, though not morpho-
logically, distinguishable [10].

Adult of P. decipiens are mainly found in the gastro-
intestinal tract of pinnipeds (seals, sea lions, and
walruses) that serve as definitive hosts [1, 4], while
planktonic or benthic crustaceans act as intermediate
hosts. Several fish species (natural second intermediate
paratenic hosts) can be infected by third-stage larvae of
P. decipiens, particularly Pacific cod, red snapper, hake,
and Pacific halibut. A P. decipiens prevalence of up to
55% in Baltic cod was reported in the Southern Baltic
Sea [1, 9, 11]. Encapsulated larvae reside mainly in
visceral organs and peritoneal cavity of the fish, but
some may migrate into the musculature [2].

Human infection is the result of accidental ingestion of
the third-stage larvae present in viscerae or muscles of a
wide range of marine fish or squids. Raw, undercooked, or
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marinated fish is a source of human contamination. In
humans, the larvae do not develop into adult worms [1-4].

From 2010 to 2014, 19 cases of anisakidosis were re-
ported in France, but this figure is probably underesti-
mated in view of the parasite’s high prevalence in fish [12].
The incidence of pseudoterranovosis in France has not yet
been properly assessed as species diagnosis is rarely made,
yet at least two cases have been reported following cod ce-
viche and raw coalfish consumption [13, 14].

Although humans are accidental hosts for this nema-
tode parasite in which they cannot complete its life
cycle, P. decipiens may cause serious disease. Symptoms
usually appear 1-7 h after ingestion [4]. Then, the infec-
tion tends to be mostly asymptomatic, and larvae are
usually coughed up by patients 36 h to 7 days following
ingestion. Associated nausea and foreign body sensation
between the teeth were also reported [1, 5, 8, 15, 16].

Rare cases of invasive pseudoterranovosis may occur in
humans. Larvae mostly penetrate the gastric mucosa, com-
monly causing severe epigastric pain. Larvae are extracted
via endoscopy, resulting in rapid pain relief [7, 14, 17].

We have reported herein two cases of pseudoterrano-
vosis that molecular biology identified as P. decipiens s.s.

Case presentation

A 19-year-old woman living in Strasbourg (Northeastern
France) complained of headache, diarrhea, asthenia, an-
orexia, and abdominal cramps having lasted for 15 days.
The symptoms started after she had consumed baked
cod. Two nematode larvae were spontaneously expelled
via the mouth while she was brushing her teeth. The
patient had an unremarkable medical history, and had
not recently traveled abroad. The patient’s discomfort
improved after worm expulsion, and gastroscopy proved
negative. The patient was treated with albendazole
800 mg/day for 5 days.

Stool examination and blood analysis were all normal
without eosinophilia. Serology was negative for Trichinella
spiralis, Strongyloides stercoralis, Ascaris lumbricoides,
and Toxocara canis.

Anisakis serology was also negative. IgG titers against
Anisakis sp. were estimated at 1:50 (<1:100) using an
own laboratory-developed Immunofluorescence assay
(Parasitology-Mycology laboratory, Hopital Cochin).
Detection of anti-Anisakis antibodies using immuno-
electrophoresis was negative and IgE titres against
Anisakis sp. (p4) were at <0.1kUa using ImmunoCAP
(Phadia, France) (Parasitology-Mycology laboratory, Lille
University hospital center). No IgE against cod were de-
tected by means of ImmunoCAP.

The larva was brought to the Parasitology department
of Strasbourg University Hospital for further
characterization. The parasite was 22 mm long and
0.9 mm large with three anterior lips without any boring
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tooth (Figure 1). Morphological characteristics were a
clearly visible esophagus and ventriculus, with a terminal
tiny point (Figure 2). The parasite was morphologically
characterized as a fourth-stage Anisakidae larva and
submitted for molecular species identification at the de-
partment of Parasitology, University of Granada, Spain.

DNA was extracted from a roundworm portion using
the commercial kit RealPure kit for genomic DNA ex-
traction (REAL), following mechanical rupture of
parasite tissue using a pestle and repeated freezing/thaw-
ing cycles in liquid N,. The precipitated pellet was
resuspended in 20 pL of deionized water. For genetic
identification of the larva, polymerase chain reaction of
the ribosomal fragment ITS1-5,8S—ITS2 was carried out
with primers NC5 (forward): 5° GTAGGTGAA
CCTGCGGAAGGATCATT 3’ and NC2 (reverse) 5’
TTAGTTTCTTTTCCTCCGCT 3’ using programming
described in 1998 by Zhu et al. [18]. The expected size
of the amplified fragment was approximately 1000 bp.
As controls, two specimens previously identified by the
same technique as A. pegreffii and A. simplex s.s., were
used respectively [19]. PCR products were run on gels
prior to digestion in order to verify the amplification
process’s success.

First, restriction fragment length polymorphism (RFLP)
was performed independently with two restriction en-
zymes, Tagl (5'..T|CGA..3") and Hinfl (5'..GJANT..3")
Fast Digest (Thermo Sciencific) at 65 °C and 37 °C,
respectively for 10 min, using a final enzyme concentra-
tion of 0.5 U/uL. The results were visualized through
electrophoresis on a 3% agarose gel. The band pattern
collected from the roundworm differed from A. simplex
s.s. and A. pegreffii controls.

For comparative sequence analysis, the PCR amplifica-
tion product was purified using the Zymoclean Gel

Fig. 1 P. decipiens sensu stricto anterior region with three anterior
lips without any boring tooth
.
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Fig. 2 P. decipiens sensu stricto tail with mucron

DNA Recovery Kit (Zymo Research), and then directly
sequenced in both directions using the same primers as
for DNA amplification. The sequences were edited and
aligned using Clustal-X 1.81 software. Subsequently,
BLAST software was employed to compare this sequence
with a sequence library in order to identify similar se-
quences. As shown in Fig. 3, two identical sequences
of P. decipiens s.s. from Denmark (GenBank accession
number KM273087.1) and Norway (GenBank acces-
sion number JQ673262.1) showed a 99% similarity
with our sequence. The alignment has been detailed
in Fig. 3.

In a second infection case occurring a few months
later, a worm exited through the patient’s nose after she
had eaten raw sea bream. The larva was morphological
and molecularly identical to the previous case being
identified as P. decipiens s.s.

Conclusion

Incidence of Pseudoterranova infection in France has
not yet been assessed; owing to the lack of specific
symptoms, the condition is most likely underdiagnosed.
In most of the described cases, infections refer to Pseu-
doterranova sp., whereas at least eight sibling species of
Pseudoterranova were genetically differentiated with
distinct geographical and host ranges: P. decipiens s.s., P.
kogiae, P. ceticola, P. decipiens E, P. cattani, P. azarasi,
P. krabbei, and P. bulbosa, which are morphologically
indistinguishable [20]. In our cases, molecular biology
allowed us to precisely identify the fourth-stage larvae as
P. decipiens s.s.

P. decipiens s.s. is principally located in the Arctic and
subarctic regions. Adult stages are frequently found in
common seal, grey seal, and Phocidae. Larval forms are
mostly encountered in Gadidae fish species like coalfish
or cod [10].
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There is a distinct difference in the clinical syndromes
of human pseudoterranoviasis between those encoun-
tered in Japan and the USA. In Japan, the disease is ra-
ther severe, whereas in the USA, the condition is milder
and without clear symptoms attributable to gastro-
intestinal invasion [21]. Whether the clinical manifesta-
tions differ among P. decipiens species are still to be
determined, partly due to only tentative species identifi-
cation in most reported cases. However, P. decipiens
larvae seem to be less invasive than those of the Ani-
sakis simplex complex [1, 15]. Absent severe gastric
symptoms were reported in P. azarasi and P. cattani
infections [15, 16]. For P. azarasi infection, which ap-
plied to our patient, morphological diagnosis was
made based on orally expelled fourth-stage larvae, as-
sociated to the lack of a boring tooth [16]. Third- or
fourth-stage Pseudoterranova larvae can cause human
infections [5]. Third-stage larvae invade gastric mu-
cosa where they molt to fourth-stage larvae, without
ever reaching the adult stage in humans [5, 14, 16].
For A. simplex in humans, the parasite passes from
third- to fourth-stage larva within 3 to 4 days follow-
ing ingestion [22]. To date, only two cases of human
infection caused by P. decipiens larvae have been
reported in France. In the first case, reported in 1996,
a 40-year-old woman presented with epigastric pain.
A larva was removed from the epigastric mucosa via
gastroscopy, and morphologically identified as fourth-
stage larva of P. decipiens sp. The second case, reported
in 2014, concerned a 25-year-old woman. A larva was
expectorated by the patient and identified as Pseudoterra-
nova sp. [13, 14].

Clinical diagnosis proves to be difficult due to non-
specific symptoms. Diagnosis is primarily made when
the patient coughs up or vomits the worm. Endoscopic
examination may be useful, though gastric pseudoterra-
novosis is commonly misdiagnosed as a peptic ulcer. In-
terpretation of immunological tests is often difficult
owing to cross-reactivity with antigens from closely re-
lated nematode species like Ascaris or Toxocara [1, 4].
In the rare event of Pseudoterranova infection detected
by Anisakis serology, the test was negative for IgG (1:50
using own laboratory-developed IFA) yet positive for IgE
(1.4kUa ImmunoCAP) [13]. In this case, and contrary to
our cases, the patient suffered from symptoms a few
hours after having consumed contaminated raw fish.

Molecular biology analysis, while rarely carried out,
has nevertheless epidemiological usefulness to determine
the specific species within the genus. Since 2015, two
cases of anisakidosis have been diagnosed at Strasbourg
University Hospital, with P. decipiens identified in both
cases. In the second case, the patient spontaneously
expelled one larva through the nose after having eaten
raw sea bream.
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Fig. 3 Sequence alignment detailed of P. decipiens sensu stricto of this case

Extraction is the preferred treatment if the larva is not
spontaneously coughed up. In most cases, abdominal dis-
comfort gradually decreases following worm removal.
Several studies suggest that albendazole (400-800 mg/day
for 6-21 days) may result effective [1, 23].

No specific pharmacological treatment exists to effect-
ively kill live larvae in seafood, and the best protection
consists of individual prevention. The infection risk is
clearly related to traditions of consuming raw, lightly
cooked, or marinated fish (sushi, gravlax, ceviche, etc.),
even more so if the fish is eaten whole. The contamin-
ation risk can be reduced by appropriate preparation of

fish and squid. Larvae are killed by temperatures higher
than 60 °C over at least 1 min, freezing at —20 °C for
7 days, or freezing at —35 °C for at least 15 h [1-4].
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