Parasitology International 66 (2017) 810-812

journal homepage: www.elsevier.com/locate/parint

Contents lists available at ScienceDirect

Parasitology International

ARASITOLOGY
NTERNATIONAL

Extra-gastrointestinal anisakidosis caused by Pseudoterranova azarasi
manifesting as strangulated inguinal hernia

Akari Mitsuboshi®, Hiroshi Yamaguchi®”®*

Masashi Kasai®

@ CrossMark

, Yusuke Ito?, Tetsushi Mizuno“, Masaharu Tokoro,

@ Department of Infectious Disease Medicine, Hyogo Prefectural Kobe Children's Hospital, Kobe, Japan
® Department of Emergency and General Pediatrics, Hyogo Prefectural Kobe Children's Hospital, Kobe, Japan

< Department of Pediatrics, Kobe University Graduate School of Medicine, Kobe, Japan

d Department of Parasitology, Graduate School of Medical Sciences, Kanazawa University, Japan

ARTICLE INFO ABSTRACT

Keywords:
Anisakidosis
Anisakis
Pseudoterranova

Zoonosis . .
inguinal mass and was

Pseudoterranova azarasi.

The incidence of anisakidosis continues to increase worldwide due to increased consumption of undercooked
fish. Although anisakidosis can be categorized into four clinical phenotypes (gastric, intestinal, ectopic, and
allergic), ectopic forms of the condition are much less common than gastric or intestinal forms when caused by
Pseudoterranova spp. We report the case of a 5-year-old patient who presented with a rapidly growing left
subsequently diagnosed with extra-gastrointestinal anisakidosis caused by

1. Introduction

Anisakidosis is a foodborne disease caused by the accidental in-
gestion of larval nematodes (commonly Anisakis spp. or Pseudoterranova
spp.) in undercooked fish [1,2]. Although the highest number of human
cases has historically been reported in Japan [3], the incidence of an-
isakidosis continues to increase worldwide due to increased consump-
tion of undercooked fish [4-8].

To the best of our knowledge, no reports to date have documented
cases of ectopic anisakidosis caused by Pseudoterranova spp. in humans.
In Japan, only Pseudoterranova azarasi—a sibling species of
Pseudoterranova decipiens sensu lato—has been reported as a causal
agent of human gastric anisakidosis [9]. In the present report, we dis-
cuss the case of a 5-year-old girl who presented with an acute, rapidly
growing left inguinal mass and received a final diagnosis of extra-gas-
trointestinal anisakidosis caused by Pseudoterranova azarasi.

2. Case report

A previously healthy 5-year-old Japanese girl presented with a ra-
pidly growing left inguinal mass. On the previous day, she had devel-
oped itchiness in the left inguinal region. At that time, her mother first
noticed the left inguinal mass and tenderness of the affected area. The
patient had no significant past medical or family history. Her mother

also denied any allergic symptoms. She experienced no loss of appetite,
nausea, vomiting, or diarrhea.

Upon admission, her vital signs were stable, and she was in gen-
erally good condition. Physical examination revealed a firm mass of
approximately 5 cm accompanied by redness, swelling, and tenderness
in her left inguinal region. Laboratory tests revealed a white blood cell
count of 7400/l with 6.5% eosinophils, a hemoglobin level of 13.6 g/
dl, and platelet level of 235,000/pl. Serum chemistry revealed no ab-
normalities. Abdominal ultrasonography revealed a mass in the left
inguinal region, though the origin of the eviscerated structure remained
unknown. Following consultation with a surgeon, the patient under-
went emergency surgery for the treatment of suspected strangulated
inguinal hernia. Intraoperatively, her inguinal canal was markedly
edematous and adhered. However, no eviscerated structure was ob-
served in the left hernia sac. Therefore, we suspected that the mass
represented inflammation of the hernia sac itself, and the mass was
dissected (Fig. 1(a)).

A hematoxylin-and-eosin-stained section of the mass demonstrated
a presumed single nematode, which was surrounded by granulomatous
inflammation and numerous eosinophils (Fig. 1(b)). Although helminth
infection was pathologically suspected, we were unable to make a final
diagnosis from the broken pathological specimen. Therefore, we mea-
sured levels of parasite-specific immunoglobulin G (IgG) antibodies
including those for Dirofilaria immitis, Toxocara canis, Ascaris suum,

* Corresponding author at: Department of Emergency and General Pediatrics, Hyogo Prefectural Kobe Children's Hospital, 1-6-7 Minatojimaminamimachi, Chuo-Ku, Kobe, Hyogo 650-

0047, Japan.
E-mail address: hiyamaguchi_kch@hp.pref.hyogo.jp (H. Yamaguchi).

http://dx.doi.org/10.1016/j.parint.2017.09.008

Received 29 May 2017; Received in revised form 9 September 2017; Accepted 15 September 2017

Available online 18 September 2017
1383-5769/ © 2017 Published by Elsevier Ireland Ltd.


http://www.sciencedirect.com/science/journal/13835769
https://www.elsevier.com/locate/parint
http://dx.doi.org/10.1016/j.parint.2017.09.008
http://dx.doi.org/10.1016/j.parint.2017.09.008
mailto:hiyamaguchi_kch@hp.pref.hyogo.jp
http://dx.doi.org/10.1016/j.parint.2017.09.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.parint.2017.09.008&domain=pdf

A. Mitsuboshi et al.

(C) Anisakis simplex JN786321
82 A. simplex JX500051

A. simplex JN786323

A. pegreffii JQ900764

A. simplex JN786316

A. ziphidarum JX500053

A. brevispiculata JX500056

Pseudoterranova krabbei KU558724

Parasitology International 66 (2017) 810-812

Clinical sample LC312195

Pseudoterranova azarasi AB576759

P. azarasi AB576758

P. decipiens AJ891145 P. azarasi AJ891139
P. decipiens AJ891150

89 |5
P. azarasi AJ891140

P. krabbei AJ891151
95[ P. krabbei AJ891152

P. azarasi KR052144

P. cattini KU558721

Clinical sample LC312194
P. decipiens KU558723.1

0.01

substitution/site

P. bulbosa KU558720.1

0.01
substitution/site

71

_|: P. bulbosa AJ891141
73

P. cattani AJ891143

P. bulbosa AJ891142
73

P. cattani AJ891144

Anisakis ziphidarum KF214810
P. decipiens AJ891149

P. decipiens AJ891147

P. decipiens AJ891146

701 p, decipiens AJB91148

Fig. 1. (a). The resected specimen of the inguinal sac. (b). Transverse section of Pseudoterranova spp. larvae surrounded by inflammatory cells (hematoxylin-and-eosin staining, x 100
magnification). (c), (d). Reconstructed phylogenetic trees of partial sequences of 12SrRNA (C) and COX1 (D) gene loci. Only the top 60% of replicate trees in which the associated taxa
clustered together in the bootstrap test (1,000 replicates) are shown next to the branches.

Anisakis, Gnathostoma, Strongyloides stercoralis, Paragonimus wes-
tetrmanii, Paragonimus miyazakii, Fasciola hepatica, Clonorchis sinensis,
Spirometra erinaceieuropaei, and Cysticercus cellulosae. However, all such
test results were negative.

To identify the parasite species detected in the tissue sample
(Fig. 1(a), (b)), total DNA was extracted from the sliced paraffin em-
bedded-tissue using TaKaRa DEXPAT® (TaKaRa Bio inc, Shiga, Japan),
and a 202-bp short fragment of 12S ribosomal RNA (12SrRNA) gene
locus was amplified using a set of in-house designed primers for uni-
versal PCR, which is theoretically able to detect all causal organisms of
toxocariasis, anisakidosis, filaraliasis, and gnathostomiasis. The PCR
was performed in a final volume of 10 pl using LA Taq® PCR with GC
buffer I including 0.5 U of LA Taq® polymerase (TaKaRa Bio inc., Shiga,
Japan), 1 pl volume of extracted total DNA as a template, 0.4 uM each
of forward MT761 primer 5-GTTCCAGAATAATCGGCTA-3’ and reverse
MT766 primer 5-TTAAACAAAACTTTACTC-3’, and 5.0 uM of each
deoxynucleoside triphosphate (ANTP) with 0.1% dimethyl sulfoxide.
The cycle parameters for the PCR were as follows: initial denaturation
at 94.0 °C for 1 min, followed by 35 cycles of 94.0 °C for 30, 50.0 °C
(annealing temperature) for 30 s, 72.0 °C for 15 s, and a final extension
at 72.0°C for 2min. The target amplicon was excised from the

electrophoresed gel and purified using the FastGene® gel/PCR extrac-
tion kit (Nippon Genetics, Tokyo, Japan), in accordance with the
manufacturer's instructions. Direct sequencing of the purified PCR
product was conducted using the forward and reverse primers and the
ABI Prism BigDye® Terminator v3.1 Cycle Sequencing Kit (Life Tech-
nologies Japan, Tokyo, Japan) on an Applied Biosystems 3130 Genetic
Analyzer (Life Technologies).

The confirmed 165-bp DNA sequence from the 202-bp partial se-
quence of 12SrRNA gene exhibited 100% similarity to the position of
12,662 to 12,826 on the reference mitochondrial genome sequence of
Pseudoterranova decipiens sensu lato from the German repository
(KU558723). Fig. 1(c) shows all reference sequences of the 12SrRNA
gene locus of family Anisakidae (Anisakis spp. and Pseudoterranova spp.)
obtained from the DNA Data Bank of Japan (DDBJ). After aligning the
confirmed sample sequence with the reference samples, the unweighted
pair group method with arithmetic mean (UPGMA) was performed for
phylogenetic reconstruction using MEGA6 [10]. All positions con-
taining gaps and missing data were eliminated. There were a total of
107 positions in the final dataset. The monophyletic cluster formation
of the sample sequence and all reference sequences of Pseudoterranova
spp. (Fig. 1(c)) was significantly supported by the bootstrap value
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(99%), and thus the genus-level identification was confirmed as Pseu-
doterranova. To confirm the species-level identification, the cytochrome
c oxidase subunit I (COX1) gene targeting PCR was employed using the
MZ11 forward primer (5-TTTTTTGGGCATCCTGAGGTTTAT-3") [11]/
MZ12 primer (5-GTAGCAGCAGTAAAATAAGCACG -3’) [12]. The PCR
condition and cycle parameters were the same as those listed above,
except that the annealing temperature was 54.0 °C, and the same PCR
amplification was repeated using 0.2 pl of the first PCR products as the
template. The 219-bp partial sequence of the COX1 gene was amplified
from the sample DNA, and direct sequencing confirmed the 171-bp
DNA sequence.

In the UPGMA tree of the 171-bp partial sequence of COX1
(Fig. 1(d)), the confirmed DNA sequence of the clinical sample formed a
monophyletic cluster with the reference sequences of P. azarasi
(AB576758, AB576759, AJ891139, AJ891140) and P. decipiens
(AJ891145, AJ891150). All DNA substitutions among the reference and
sample DNA sequences in the monophyletic cluster converged on a
deduced amino acid sequence (57 aa), indicating that all substitutions
among the DNA sequences represented silent mutations: Clinical
sample: [Gly8(ggt) Serll(agt) Lys20(aag) Try44(tga) Val51(gta)l, P.
azarasi (AB576758): [Gly8(ggc) Serll(agt) Lys20(aaa) Try44(tga)
Val51(gta)], P. azarasi (AB576759): [Gly8(ggt) Serl1(agt) Lys20(aaa)
Try44(tga) Val51(gta)], P. decipiens (AJ891145) and P. azarasi
(AJ891139): [Gly8(ggt) Serl1(agt) Lys20(aaa) Try44(tgg) Val51(gta)l,
P. decipiens (AJ891150): [Gly8(ggt) Serl1(agt) Lys20(aaa) Try44(tga)
Val51(gtg)], and P. azarasi (AJ891140): [Gly8(ggc) Serll(agc) Ly-
s20(aaa) Try44(tga) Val51(gta)]. All deduced amino acid sequences
from the other references including the P. decipiens (AJ891146-9)
cluster were unmatched to the convergent sequence. The sample se-
quence was categorized into the P. azarasi cluster with significant
bootstrap value (89%), and the deduced amino acid was a perfect
match to the converged amino acid sequence of the cluster. Therefore,
the detected parasite was considered to be P. azarasi. The confirmed
partial sequences of 12SrRNA and COX1 gene loci were registered to
DDBJ as accession numbers LC312194 and LC312195, respectively.

The patient received a final diagnosis of extra-gastrointestinal ani-
sakidosis caused by Pseudoterranova azarasi. During a subsequent in-
terview, the patient's mother reported that she enjoys eating raw fish
and sushi at a Japanese restaurant twice per month. She was discharged
without complications on the following day.

3. Discussion

This present report is the first to discuss the case of a patient with
acute extra-gastrointestinal anisakidosis caused by Pseudoterranova
azarasi. Anisakidosis can be categorized into four clinical phenotypes,
including gastric, intestinal, ectopic (or extra-gastrointestinal), and al-
lergic [1,2]. Patients infected with Pseudoterranova spp. often experi-
ence sub-acute to acute abdominal pain [8,9]. As these specimens can
usually be extracted from the stomach via endoscopy [9], the invasive
capacity of Pseudoterranova spp. larvae is very low relative to that of
Anisakis spp., and the ectopic form of anisakidosis is much less common
than the gastric and intestinal forms [13]. In the present case, our pa-
tient developed itchiness and tenderness at the left inguinal region, and
her mother noticed that the mass had increased in size 1 day prior to
admission, suggesting that the size of the mass increases rapidly fol-
lowing the prompt migration of larvae to extra-gastrointestinal areas in
patients with ectopic anisakidosis. This pathophysiology is rare among
cases involving Pseudoterranova spp.

Although ectopic anisakidosis is difficult to diagnose using patho-
logical specimens, accurate diagnosis is possible using PCR. However,
such PCR detection using extracted DNA from formalin-fixed and par-
affin-embedded tissue remains a challenge. To manage known diffi-
culties such as cross-linked protein-DNA complexes and DNA frag-
mentation [14], we employed the TaKaRa DEXPAT® (TaKaRa Bio inc.)
kit for the DNA extraction, and successfully amplified the 202-bp partial
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12SrRNA gene fragment and the 219-bp partial fragment of COX1 gene.
Even with such short DNA sequences (final sequence lengths after
analysis were 107 and 171 positions, respectively), the method of
phylogenetic reconstruction enabled us to determine genus and species
levels of identification (Fig. 1(c) and (d)). To avoid confusion in future
studies regarding Pseudoterranova spp., it should be noted that although
the definitions of AJ891145 and AJ891150 are both “P. decipiens” in
GenBank, the sibling species name is considered P. azarashi (Fig. 1(d)).
The presence of the P. azarashi (AJ891139) reference, which is a 100%
match to the COX1 gene locus (393 bp) of the AJ891145, also supports
this estimation.

Although previous studies have indicated that more than 90% of
anisakidosis cases occur in Japan, recent reports have documented
cases in North and South America, Europe, and other Asian countries
[4,5,7,8]. One explanation for this finding is the increased consumption
of undercooked fish worldwide, as Japanese and sushi restaurants have
become more popular throughout the world. Therefore, physicians and
surgeons should remain aware of the signs, symptoms, and methods for
identifying causal agents of anisakidosis.

In conclusion, the findings of the present report emphasize the rarity
of acute extra-gastrointestinal anisakidosis caused by Pseudoterranova
azarasi as well as the potential for accurate diagnosis via PCR.
Furthermore, increased consumption of undercooked fish requires pe-
diatricians and pediatric surgeons to remain aware of the potential for
parasitic infection. Anisakidosis should be included in the differential
diagnosis when patients present with unusual extra-gastrointestinal
hernia symptoms.
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