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Clinicians can be forgiven for thinking of anisakiasis as a rare condition low in the differential diagnosis of abdominal pain.
Gastrointestinal anisakiasis is a zoonotic parasitic disease caused by consumption of raw or undercooked seafood infected with
nematodes of the genus Anisakis. Even though the reported cases indicate that this is a rare disease, the true incidence of the disease
could be potentially higher than what is reported in the literature as cases can go undiagnosed. Diagnosis and treatment of gastric
anisakiasis are made by a compatible dietary history, direct visualization, and removal of the larvae via gastroscopy. Serologic testing
and imaging studies are useful in the diagnosis of intestinal anisakiasis and conservative management should be considered. This
disease may mimic other diseases and lead to unnecessary surgery. This emphasizes the importance of suspecting gastrointestinal

anisakiasis by history taking and by other diagnostic modalities.

1. Introduction

Gastrointestinal anisakiasis is a zoonotic parasitic disease
caused by consumption of raw or undercooked seafood
infected with nematodes of the genus Anisakis. Those patients
identified are predominantly infected by Anisakis simplex
[1, 2] which is nematode belonging to the order Ascari-
dida, family Anisakidae, and subfamily Anisakinae [3, 4].
Only a handful of reports exist on infection related to the
other species including Pseudoterranova decipiens, Anisakis
physeteris, and Contracaecum species [2]. Marine mammals
including whales, sea lions, seals, dolphins, porpoises, and
walruses are the natural hosts whereas humans are incidental
hosts [3] and cannot develop into adult nematode in the
human body. The life cycle starts when adult nematodes in the
natural host pass unembryonated eggs in their feces [5]. The
eggs are embryonated, and then first and second stage larvae
are formed within these eggs subsequently releasing free-
living second stage larvae. These are ingested by crustaceans
(intermediate hosts), in which they develop into the third
stage. These can be passed on to fish and squid at their
third stage larvae, which become infectious to humans when

accidentally ingested [5, 6]. Salmon, herring, cod, mackerel,
and squid are also well known intermediate hosts infected
with the third stage larvae.

van Thiel et al. reported the first case of anisakiasis in 1960
[7]. It is commonly reported in coastal areas of Japan and
Korea due to food habits. The increasing popularity of ingest-
ing raw fish in Western countries has led to an increase in the
number of clinical reports of anisakiasis [8-11] and there are
some reports from North America including Canada [1, 12—
14]. Vaughan et al. recently reported a case of a 50-year-old in
Alberta, Canada, who presented with vomiting and epigastric
pain one hour after eating raw salmon. It was diagnosed as
gastric anisakiasis with esophagogastroduodenoscopy (EGD)
and treated by removing the larvae [15]. There was a report
on intestinal anisakiasis from Quebec, Canada, in 2003 [16].
A 50-year-old male from Quebec presented with abdominal
pain after eating raw wild-caught salmon from the Pacific
Ocean off Canada. Abdominal computed tomography (CT)
scan showed bowel distention proximal to segmental wall
thickening which was resected and Anisakis larvae were
confirmed postoperatively. Given the increasing incidence
in North America, it is important for clinicians in the


http://dx.doi.org/10.1155/2016/5176502

FIGURE 1

FIGURE 2

appropriate context to consider anisakiasis as a differential
diagnosis for patients presenting with nonspecific abdominal
symptoms. We present two cases of anisakiasis that have
recently been managed at our institution and summarize the
available literature on the epidemiology, presenting symp-
toms and subsequent management.

2. Case 1

A 60-year-old Caucasian female was referred to our unit with
a history of epigastric pain following sushi consumption. A
CT scan showed thickened gastric mucosa in the distal body.
EGD showed an area of mucosal induration and erythema
with a parasite attached to this site (Figure 1). This parasite
was carefully removed intact with the use of standard biopsy
forceps (Figure 2) and microbiological examination con-
firmed as Anisakis simplex. The patient’s clinical symptoms
improved promptly following the endoscopic removal of the
parasite [17].

3. Case 2

A 42-year-old Asian male presented to the emergency depart-
ment with acute onset of colicky abdominal pain few days
after eating sushi. He had a surgical abdomen on physical
examination. He had an elevated white cell count and a

Canadian Journal of Gastroenterology and Hepatology

FIGURE 3

FIGURE 4

CT scan obtained in the emergency revealed a segmental
area of mural thickening in the proximal ileum and ascites
(Figures 3 and 4). Given the surgical abdomen, he underwent
exploratory laparotomy and a small bowel resection was
carried out with primary anastomosis. Surgical specimen
revealed extensive inflammatory infiltrate containing numer-
ous eosinophils and lymphocytes extending from the mucosa
deeply into the mesenteric adipose tissue. A larva was found
embedded within the adipose tissue and was identified as
Anisakis species (Figure 5) [18].

4. Gastrointestinal Anisakiasis

This disease can be divided into three categories: gastric,
intestinal, and ectopic anisakiasis [19]. The majority of cases
are gastric anisakiasis, representing about 95% of the disease
burden. Intestinal anisakiasis accounts for the majority of
the remaining [20] whereas the ectopic subtype or extragas-
trointestinal anisakiasis is a rare entity [21-25]. Interestingly,
there are increasing reports of colonic anisakiasis which are
mostly incidental findings [25-35]. Clinical manifestations
not only are confined to gastrointestinal symptoms but also
can cause allergic symptoms including angioedema, urticaria,
and anaphylaxis [36]. Anisakiasis can be caused when the
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infected larvae are attached or penetrate into the human
tissue. The etiology of this disease is not fully elucidated but
it has been proposed that infection with Anisakis results in
allergic host immune responses [3]. It is known that Anisakis
predominantly induces the production of Th2 cytokines and
subsequently causing mastocytosis, IgE mediated reactions,
and eosinophilia which are classical immune response to
tissue parasitic helminths [5, 37]. Consider that the extent of
tissue destruction and inflammation resulting from infection
indicates that the host-parasite interactions are responsible
for the etiology of anisakiasis [6].

5. Clinical Manifestations

5.1. Gastric Anisakiasis. Gastric anisakiasis can be suspected
based on the typical presentation, which is an acute severe
epigastric pain few hours after the ingestion of infected fish.
The symptoms usually develop within 12 hours [38, 39]. Other
clinical manifestations include nausea, vomiting, and low-
grade fever. There are cases in which the patients present
with hematemesis from gastric ulceration [39-44]. There are
asymptomatic cases identified incidentally. Interestingly, it
tends to penetrate into normal mucosa more frequently than
atrophic mucosa and patients with normal mucosa infection
are more likely to exhibit clinical symptoms than those with
atrophic mucosa [45, 46].

5.2. Intestinal Anisakiasis. The clinical characteristics are
nonspecific but mostly present with colicky or diffuse abdom-
inal pain, nausea, and vomiting. The symptoms typically
develop within 5 days after the ingestion of infected food. It
takes a longer time for symptoms to manifest compared to
gastric anisakiasis [38]. The patients are often misdiagnosed
with other diseases such as acute appendicitis, ileitis, divertic-
ulitis, cholecystitis, inflammatory bowel disease, peptic ulcer,
or small bowel obstruction. Intussusception is another rare
presentation previously reported [47, 48]. The manifestation
of this disease can occur a few days after ingestion, making the
diagnosis challenging especially given the difficulties obtain-
ing a history of raw fish consumption as the patient would

often not remember what they ate several days prior to the
presentation. According to Yasunaga et al., among 201 cases
of intestinal anisakiasis identified in the Japanese Diagnosis
Procedure Combination (DPC) in-patient database, 50.7%
had bowel obstruction, 8.0% had perforation or peritonitis,
and 2.0% had intestinal bleeding. Allergic responses were
seen in 3.5% of the patients and 7.0% cases underwent
laparotomy [49].

6. Diagnosis

6.1. Gastric Anisakiasis. The diagnosis of gastric anisakiasis
can be assisted by thorough history taking to identify con-
sumption of raw fish. It is diagnosed by direct visualization of
the larvae via EGD. The most frequent gastric mucosal change
observed endoscopically is prominent gastric mucosal edema
around the area of penetration [39, 50]. Anisakis larvae seem
to have predilection of penetrating the greater curvature
of the stomach [50]. Narrow band imaging (NBI) may be
helpful in detecting the larvae when performing an EGD [51].
Laboratory examinations such as elevated white cell counts
with increased eosinophils may be helpful but leukocytosis
with eosinophilia is infrequently seen according to case series
from Korea [52]. Abdominal CT is useful to rule out any
other causes of severe abdominal pain and the most frequent
finding related to gastric anisakiasis is marked submucosal
edema of the gastric wall. Increased attenuation of adjacent
fat and ascites are other CT findings of this disease [53,
54]. Literatures which exist discuss the utility of abdominal
ultrasound; however there is no better diagnostic modality
than direct endoscopic visualization.

6.2. Intestinal Anmisakiasis. The definitive diagnosis of the
intestinal anisakiasis is often challenging, as direct identifica-
tion of the nematode from small intestine is often not feasible.
The most important diagnostic criteria are clinical features
compatible with intestinal anisakiasis and history of ingesting
raw or undercooked fish. Radiological findings especially
abdominal CT are indispensable for diagnosis. Typical CT
findings are segmental edema of the intestinal wall with
proximal dilatation without showing complete intraluminal
occlusion, ascites, and increased attenuation of adjacent fat
[53, 55, 56]. Although abdominal ultrasound was inferior to
CT in demonstrating the segmental intestinal edema causing
small bowel obstruction, it can be applied in suspected cases
especially when CT is not available [57, 58]. Another diag-
nostic modality is serology. Although there are reports on the
usefulness of serology [1], it is not definitive. Anti-Anisakis
IgG/A titers using an enzyme-linked immunosorbent assay
(ELISA) are commercially available and considered useful
with 70.4% sensitivity and 87.1% specificity [59-61]. The diag-
nosis may be supported by elevated total and Anisakis specific
immunoglobulin E levels or to perform a prick test with
crude parasite extract. However many asymptomatic subjects
who frequently consume raw fish may also carry the specific
IgE making the definitive diagnosis challenging [62-67]. In
addition, Sastre et al. showed that the subjects who have
shown hypersensitivity to Anisakis simplex did not experience
clinical symptoms when they ingested lyophilized Anisakis



simplex or its antigen [68]. Therefore it is hypothesized that
the live larva secretes proteins that induce allergic type reac-
tions in subjects and induce significant clinical symptoms.
In addition, it is difficult to interpret since Anisakis proteins
demonstrate considerable immunological cross-reactivity to
proteins of related nematodes [3, 66, 69, 70]. Routine labora-
tory examination including leukocytosis, C-reactive protein,
and peripheral eosinophilia may be helpful but these are not
specific to this disease [38, 71]. Takabayashi et al. and Kim
et al. reported that the patients with intestinal anisakiasis
have higher possibility of having elevated white blood cell
counts and C-reactive protein compared to gastric anisakiasis
[38, 52]. Polymerase chain reaction (PCR) is reported to be
useful in the diagnosis but not widely available [72]. Even if
these tests are commercially available, it takes too long for
the results making them redundant in the clinical practice.
Currently there are no definitive diagnostic criteria; however
we suggest that the following four criteria may be useful in
diagnosing intestinal anisakiasis:

(1) Clinical features compatible with intestinal anisakia-
sis.

(2) History of ingesting raw or undercooked fish within 2
weeks.

(3) Elevated levels of Anisakis specific IgE or Anisakis
IgA/1gG (commercially available serologic tests).

(4) The presence of segmental intestinal edema and
distended small bowel proximally on CT scan.

Therefore patients with suspected infection based on
their clinical symptoms and history of presenting complaint
should undergo further testing with serology and CT imag-
ing.

7. Treatments

71. Gastric Anisakiasis. The mainstay of the treatment is an
early endoscopic extraction. It can be extracted by using
the conventional forceps. It is important to grab as close
to the embedded part of the larvae as possible to assure
that there is no remaining larva within the gastric wall.
If not removed completely, it can cause chronic inflamma-
tion causing various gastrointestinal symptoms. Thorough
examination of all parts of the stomach is crucial as there
is a possibility of multiple infections [41, 73-75]. There
seems to be a predilection for penetrating into the greater
curvature of the stomach body [39, 45]. Due to the rare
occurrence of this disease, inexperienced endoscopists may
easily overlook larvae since it is challenging to identify these
larvae, especially in the greater curvature because they are
usually hidden between the edematous gastric folds or blend
in with the gastric mucosa. Extraction of the larvae will
usually result in prompt symptom resolution. There is no
definitive medical therapy as of date. There is limited evidence
which suggests that albendazole is an effective therapy [1,
76, 77]. The anthelmintics do not appear to be effective
therapy. There is limited literature on alternative medical
therapies which include peppermint essential oil, Melaleuca
alternifolia essential oil, Matricaria chamomilla essential oil
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in animal models [78, 79], and wood creosote (Seirogan) [80];
however these are not established as a standard treatment of
anisakiasis.

7.2. Intestinal Anisakiasis. Symptoms of intestinal anisakiasis
can be severe, presenting as bowel obstruction, and can
resemble other acute abdominal diseases resulting in surgical
treatment [19, 81-85]. Although surgical treatment was first-
line treatment previously, there are increasing reports on
effectiveness of conservative therapy [86-89]. There is still
no standard treatment for intestinal anisakiasis; however
conservative therapy should be considered if the disease
is strongly suspected. On the other hand, some reports
have shown that when supportive therapy failed the patients
predominantly underwent surgery. Thus, careful observation
of the patient is vital whilst having a low threshold for surgical
intervention if clinically deterioration occurs given that there
is no proven pharmacological therapy.

8. Prevention

The most important step of prevention is to educate the
public about the risk of this disease when eating raw fish.
These products should be inspected visually to detect the
presence of visible parasites. There are different regulations
and guidelines for the assessment of the nematodes. The
Food and Drug Administration recommends raw or semiraw
consumption be blast frozen to —35°C or below for 15 hours
or be regularly frozen to —20°C or below for 7 days. Study on
the survival of Anisakis simplex in fresh arrowtooth flounder
(Atheresthes stomias) showed that all larvae were killed by
96, 60, 12, and 9h at temperatures of —15, —20, —30, and
—40 degrees C, respectively [90]. This study showed that, by
following the FDA guidelines, all the live larvae could be
eliminated.

9. Conclusion

Gastrointestinal anisakiasis is a rare parasitic disease that can
affect humans following consumption of raw or undercooked
seafood. A detailed food history will often be the key to the
diagnosis as symptoms usually arise shortly after ingestion
of food contaminated with the parasite. Even though the
reported cases indicate that this is a rare disease the true
incidence of the disease could be potentially higher than what
is reported in the literature as cases can go undiagnosed.
Treatment of gastric anisakiasis is by simply removing the lar-
vae with biopsy forceps, which can lead to prompt symptom
resolution. With regard to intestinal anisakiasis, conservative
management is possible given the fact that the Anisakis larvae
cannot survive in the human body; however the presentation
can be such that surgical management is indicated.

We propose diagnostic criteria for intestinal anisakiasis as
follows:

(1) History of ingesting raw or undercooked saltwater
fish within 2 weeks.

(2) Clinical features compatible with intestinal anisakia-
sis.
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(3) Elevated levels of Anisakis specific IgE or Anisakis
IgA/1gG (if available).

(4) The presence of segmental intestinal edema and
distended small bowel proximally on CT.

Diagnosis of intestinal anisakiasis using molecular or

serological approaches is warranted, as this disease may
be misdiagnosed leading to unnecessary surgery. However
currently there are no commercially available serological tests
that can diagnose anisakiasis with a high degree of sensitivity
and specificity. This emphasizes the importance of suspecting
gastrointestinal anisakiasis by history taking and by other
diagnostic modalities.

Competing Interests

All authors declare that they have no competing interests.

References

(1]

(2]

(3]

(4]

(10]

N. S. Hochberg and D. H. Hamer, “Anisakidosis: perils of the
deep,” Clinical Infectious Diseases, vol. 51, no. 7, pp. 806-812,
2010.

M. T. Audicana and M. W. Kennedy, “Anisakis simplex: from
obscure infectious worm to inducer of immune hypersensitiv-
ity Clinical Microbiology Reviews, vol. 21, no. 2, pp. 360-379,
2008.

N. E. Nieuwenhuizen and A. L. Lopata, “Anisakis—a food-
borne parasite that triggers allergic host defences,” International
Journal for Parasitology, vol. 43, no. 12-13, pp. 1047-1057, 2013.
J. W. Smith and R. Wootten, “Anisakis and anisakiasis,” Advances
in Parasitology, vol. 16, pp. 93-163, 1978.

E.J. Baird, R. B. Gasser, A. Jabbar, and A. L. Lopata, “Foodborne
anisakiasis and allergy,” Molecular and Cellular Probes, vol. 28,
no. 4, pp. 167-174, 2014.

J. A. Sakanari, C. E. Staunton, A. E. Eakin, C. S. Craik, and J.
H. McKerrow, “Serine proteases from nematode and protozoan
parasites: isolation of sequence homologs using generic molec-
ular probes,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 86, no. 13, pp. 4863-4867,1989.
P. van Thiel, E C. Kuipers, and R. T. Roskam, “A nematode
parasitic to herring, causing acute abdominal syndromes in
man,” Tropical and Geographical Medicine, vol. 12, pp. 97-113,
1960.

O. Stallone, L. Paggi, A. Balestrazzi, S. Mattiucci, and M.
Montinari, “Gastric anisakiasis in Italy: case report,” Med J Sur
Med, vol. 4, pp. 13-16, 1996.

S. Pampiglione, F. Rivasi, M. Criscuolo et al., “Human anisaki-
asis in Italy: a report of eleven new cases,” Pathology Research
and Practice, vol. 198, no. 6, pp. 429-434, 2002.

V. A. Neto, J. G. D. P. Amato, and V. S. Amato, “Probable
recognition of human anisakiasis in Brazil,” Revista do Instituto
de Medicina Tropical de Sao Paulo, vol. 49, no. 4, pp. 261-262,
2007.

C. Kapral, M. Haditsch, F. Wewalka, W. Schatzlmayr, K. Lenz,
and H. Auer, “The first case of anisakiasis acquired in Austria,”
Zeitschrift fiir Gastroenterologie, vol. 47, no. 10, pp. 1059-1061,
2009.

K. Kowalewska-Grochowska, J. Quinn, I. Perry, and R. Sherba-
niuk, “A case of anisakiasis—Alberta,” Canada Diseases Weekly
Report, vol. 15, no. 44, pp. 221-223, 1989.

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

[25

[26]

(27]

M. Bhat and P. Cleland, “Gastric anisakiasis,” Clinical Gastroen-
terology and Hepatology, vol. 8, no. 8, p. A20, 2010.

L. Madi, M. Ali, P. Legace-Wiens, and D. R. Duerksen, “Gas-
trointestinal manifestations and management of anisakiasis,”
Canadian Journal of Gastroenterology, vol. 27, no. 3, pp. 126-127,
2013.

S. Vaughan, M. Sadler, S. Jayakumar, B. Missaghi, W. Chan, and
D. L. Church, “An unusual case of abdominal pain,” Canadian
Journal of Infectious Diseases and Medical Microbiology, vol. 26,
no. 6, pp. 297-298, 2015.

C. Couture, L. Measures, J. Gagnon, and C. Desbiens, “Human
intestinal anisakiosis due to consumption of raw salmon,” The
American Journal of Surgical Pathology, vol. 27, no. 8, pp. 1167-
1172, 2003.

N. Muwanwella, Y. Shimamura, H. Akram, P. Kortan, and
N. Marcon, “Endoscopic diagnosis of gastric anisakiasis and
extraction of larvae,” Gastrointestinal Endoscopy, vol. 84, no. 3,
p. 528, 2016.

N. Muwanwella, Y. Shimamura, and N. Marcon, “A rare cause of
acute abdomen,” Clinical Gastroenterology and Hepatology, vol.
14, no. 7, pp. A35-A36, 2016.

H. Ishikura, K. Kikuchi, K. Nagasawa et al., “Anisakidae and
anisakidosis,” Progress in Clinical Parasitology, vol. 3, pp. 43-102,
1993.

G. Kojima, S. Usuki, K. Mizokami, M. Tanabe, and J. Machi,
“Intestinal anisakiasis as a rare cause of small bowel obstruc-
tion,” American Journal of Emergency Medicine, vol. 31, no. 9,
pp. 1422. el-1422.€2, 2013.

N. Muguruma, S. Okamura, T. Okahisa, H. Shibata, S. Ito, and
A. Terauchi, “Anisakis larva involving the esophageal mucosa,”
Gastrointestinal Endoscopy, vol. 49, no. 5, pp. 653-654, 1999.

D. Hwang, S. L. Park, S. C. Pack et al, “A case of duodenal
anisakiasis with duodenal ulcer;” Chonnam Medical Journal, vol.
48, no. 1, pp. 73-75, 2012.

S. Y. Kwak and Y.-H. Yoon, “Laryngeal anisakiasis: an unusual
cause of foreign-body sensation in the throat,” Otolaryngology—
Head and Neck Surgery, vol. 147, no. 3, pp. 588-589, 2012.

Y. Takamizawa and Y. Kobayashi, “Images in clinical tropical
medicine: adhesive intestinal obstruction caused by extragas-
trointestinal anisakiasis,” American Journal of Tropical Medicine
and Hygiene, vol. 92, no. 4, pp. 675-676, 2015.

F. Riu Pons, J. Gimeno Beltran, R. Albero Gonzalez et al., “An
unusual presentation of anisakiasis in the colon (with video),”
Gastrointestinal Endoscopy, vol. 81, no. 4, pp. 1050-1051, 2015.

Y. Tamai and K. Kobayashi, “Asymptomatic colonic anisakiasis,”
Internal Medicine, vol. 54, no. 6, p. 675, 2015.

S. Matsui, T. Uraoka, H. Hasegawa, and Y. Kitagawa, “A case
of asymptomatic incidental live anisakid worm infestation on
a large rectal polyp,” BMJ Case Reports, vol. 2015, Article ID
208708, 2015.

G. Andrisani, C. Spada, L. Petruzziello, and G. Costamagna, “An
unusual colonic ‘tumour}” Digestive and Liver Disease, vol. 46,

no. 5, pp. 477-478, 2014.

S. H. Kim, C. W. Park, S. K. Kim et al., “A case of anisakiasis
invading the stomach and the colon at the same time after eating
anchovies,” Clinical Endoscopy, vol. 46, no. 3, pp. 293-296, 2013.

M. T. Herranz-Bachiller, R. Atienza-Sanchez, J. Barrio-Andrés
et al., “Colonic polyp secondary to Anisakis simplex,” Revista
Espanola de Enfermedades Digestivas, vol. 104, no. 10, pp. 554—
555, 2012.



[31] N. Yorimitsu, A. Hiraoka, H. Utsunomiya et al., “Colonic
intussusception caused by anisakiasis: a case report and review
of the literature,” Internal Medicine, vol. 52, no. 2, pp. 223-226,
2013.

[32] N. Mumoli and A. Merlo, “Colonic anisakiasis,” Canadian
Medical Association Journal, vol. 185, no. 13, p. E652, 2013.

[33] J. C. Hernandez-Prera and A. D. Polydorides, “Anisakidosis of
the sigmoid colon disguising as metastatic carcinoma: a case
report and review of the literature,” Pathology Research and
Practice, vol. 208, no. 7, pp. 433-435, 2012.

[34] G.Taniguchi, A. Nagahara, K. Matsumoto et al., “Asymptomatic
anisakiasis of the colon incidentally found by colonoscopy;
Clinical Journal of Gastroenterology, vol. 4, no. 6, pp. 371-373,
2011.

[35] N. Ishii, M. Matsuda, T. Setoyama et al., “Anisakiasis and
vanishing tumor of the cecum,” Endoscopy, vol. 41, supplement
2, pp. E226-E227, 2009.

[36] S.-J. Choi, J.-C. Lee, M.-]. Kim, G.-Y. Hur, S.-Y. Shin, and H.-S.
Park, “The clinical characteristics of Anisakis allergy in Korea,”
Korean Journal of Internal Medicine, vol. 24, no. 2, pp. 160-163,
2009.

[37] J. A. Asturias, E. Eraso, I. Moneo, and A. Martinez, “Is tropom-
yosin an allergen in anisakis?” Allergy, vol. 55, no. 9, pp. 898-
899, 2000.

[38] T. Takabayashi, T. Mochizuki, N. Otani, K. Nishiyama, and S.
Ishimatsu, “Anisakiasis presenting to the ED: clinical manifes-
tations, time course, hematologic tests, computed tomographic
findings, and treatment,” The American Journal of Emergency
Medicine, vol. 32, no. 12, pp. 1485-1489, 2014.

[39] E. J. Lee, Y. C. Kim, H. G. Jeong, and O. J. Lee, “The
mucosal changes and influencing factors in upper gastrointesti-
nal anisakiasis: analysis of 141 cases,” The Korean Journal of
Gastroenterology, vol. 53, no. 2, pp. 90-97, 2009.

[40] K. Takeuchi, H. Hanai, T. Iida, S. Suzuki, and S. Isobe, “A bleed-
ing gastric ulcer on a vanishing tumor caused by anisakiasis,”
Gastrointestinal Endoscopy, vol. 52, no. 4, pp. 549-551, 2000.

[41] W.-M. Sohn, B.-K. Na, T. H. Kim, and T.-J. Park, “Anisakiasis:
report of 15 gastric cases caused by Anisakis type I larvae and
a brief review of Korean anisakiasis cases,” Korean Journal of
Parasitology, vol. 53, no. 4, pp. 465-470, 2015.

[42] W. J. Yoon, S. M. Lee, S. H. Lee, and Y. B. Yoon, “Gastric
anisakiasis,” Gastrointestinal Endoscopy, vol. 59, no. 3, p. 400,
2004.

[43] D. B. Kang, W. C. Park, and J. K. Lee, “Chronic gastric anisaki-
asis provoking a bleeding gastric ulcer;” Annals of Surgical
Treatment and Research, vol. 86, no. 5, pp. 270-273, 2014.

[44] Y. Goto, N. Takahashi, M. Yoshlmitsu, and Y. Matano, “A case of
gastric anisakiasis with hemorrhagic gastric ulcer and ulcerative
scarring,” Journal of Japanese Society of Gastroenterology, vol.
111, no. 10, pp. 2021-2024, 2014,

[45] T. Arai, N. Akao, T. Seki et al., “Molecular genotyping of anisakis
larvae in Middle Eastern Japan and endoscopic evidence for
preferential penetration of normal over atrophic mucosa,” PLoS
ONE, vol. 9, no. 2, Article ID e89188, 2014.

[46] Y. Shimamura, E Omata, K. Nakano, T. Ikeya, K. Takagi, K.
Nakamura et al., “Sal500 the association between Anisakis
anchoring site and acute symptoms in gastric anisakiasis,’
Gastrointestinal Endoscopy, vol. 79, no. 5, Article ID AB235,
2014.

[47] T. Miura, A. Iwaya, T. Shimizu et al., “Intestinal anisakiasis can
cause intussusception in adults: an extremely rare condition,”

Canadian Journal of Gastroenterology and Hepatology

World Journal of Gastroenterology, vol. 16, no. 14, pp. 1804-1807,
2010.

[48] E Chikamori, N. Kuniyoshi, and Y. Takase, “Intussusception

due to intestinal anisakiasis: a case report;,” Abdominal Imaging,

vol. 29, no. 1, pp. 39-41, 2004.

H. Yasunaga, H. Horiguchi, K. Kuwabara, H. Hashimoto, and S.

Matsuda, “Clinical features of bowel anisakiasis in Japan,” The

American Journal of Tropical Medicine and Hygiene, vol. 83, no.

1, pp. 104-105, 2010.

[50] S. Kakizoe, H. Kakizoe, K. Kakizoe et al., “Endoscopic findings
and clinical manifestation of gastric anisakiasis,” The American
Journal of Gastroenterology, vol. 90, no. 5, pp. 761-763, 1995.

[51] D. Taranto, G. Sessa, R. Tortora, and E. Tremolaterra, “Narrow
band imaging enhancement could improve gastric anisakis
detection,” Digestive and Liver Disease, vol. 43, no. 3, p. 5, 2011.

[52] T. Kim, H. J. Song, S. U. Jeong et al., “Comparison of the
clinical characteristics of patients with small bowel and gastric
anisakiasis in Jeju Island,” Gut and Liver, vol. 7, no. 1, pp. 23-29,
2013.

[53] E. Shibata, T. Ueda, G. Akaike, and Y. Saida, “CT findings of
gastric and intestinal anisakiasis,” Abdominal Imaging, vol. 39,
no. 2, pp. 257-261, 2014.

[54] M. Nakajo, Y. Setoguchi, S. Onohara, and M. Nakajo, “Com-
puted tomographic features of two cases of acute gastric
anisakiasis,” Abdominal Imaging, vol. 36, no. 5, pp. 509-513, 2011.

[55] J.S. Lee, B. S. Kim, S. H. Kim et al., “Acute invasive small-bowel
Anisakiasis: clinical and CT findings in 19 patients,” Abdominal
Imaging, vol. 39, no. 3, pp. 452-458, 2014.

[56] H. N. Ozcan, S. Avcu, W. Pauwels, K. J. Mortel¢é, and A. I. De
Backer, “Acute intestinal anisakiasis: CT findings,” Acta Gastro-
Enterologica Belgica, vol. 75, no. 3, pp. 364-365, 2012.

[57] M. Ogata, S. Tamura, and M. Matsunoya, “Sonographic diagno-
sis of intestinal anisakiasis presenting as small bowel obstruc-
tion,” Journal of Clinical Ultrasound, vol. 43, no. 5, pp. 283-287,
2015.

[58] K. Ido, H. Yuasa, M. Ide, K. Kimura, K. Toshimitsu, and T.
Suzuki, “Sonographic diagnosis of small intestinal anisakiasis,’
Journal of Clinical Ultrasound, vol. 26, no. 3, pp. 125-130, 1998.

[59] M. Okazaki, I. Goto, and I. Kurokawa, “Studies on the detection

of anti-Anisakis larvae antibodies by ELISA kits,” Japanese
Journal of Medicine and Pharmaceutical Science, vol. 22, article

971,1992.

[60] A.Yagihashi, N. Sato, S. Takahashi, H. Ishikura, and K. Kikuchi,
“A serodiagnostic assay by microenzyme-linked immunosor-
bent assay for human anisakiasis using a monoclonal antibody
specific for Anisakis larvae antigen,” Journal of Infectious Dis-
eases, vol. 161, no. 5, pp. 995-998, 1990.

[61] M. Matsushita and K. Okazaki, “Serologic test for the diagnosis
of subclinical gastric anisakiasis,” Gastrointestinal Endoscopy,
vol. 61, no. 7, p. 931, 2005.

[62] Y.-B. Chungand]. Lee, “Clinical characteristics of gastroallergic
anisakiasis and diagnostic implications of immunologic tests,”
Allergy, Asthma and Immunology Research, vol. 6, no. 3, pp. 228—
233, 2014.

[63] A. Alonso-Goémez, A. Moreno-Ancillo, M. C. Lopez-Serrano et
al., “Anisakis simplex only provokes allergic symptoms when
the worm parasitises the gastrointestinal tract,” Parasitology
Research, vol. 93, no. 5, pp. 378-384, 2004.

[64] A.Daschner and C.-Y. Pascual, “Anisakis simplex: sensitization
and clinical allergy,” Current Opinion in Allergy and Clinical
Immunology, vol. 5, no. 3, pp. 281-285, 2005.

[49



Canadian Journal of Gastroenterology and Hepatology 7

[65] R.S. Desowitz, R. B. Raybourne, H. Ishikura, and M. M. Kliks, [81] K. Okano, M. Oshima, and Y. Suzuki, “Acute abdomen with

“The radioallergosorbent test (RAST) for the serological diag- epigastric pain and vomiting in an adult healthy patient,
nosis of human anisakiasis,” Transactions of the Royal Society of Gastroenterology, vol. 139, no. 5, pp. 1465-1797, 2010.
Tropical Medicine and Hygiene, vol. 79, no. 2, pp. 256-259, 1985. [82] M. Ishida, A. Harada, S. Egawa, S. Watabe, N. Ebina, and M.

[66] I. Moneo, M. T. Audicana, E. Alday, G. Curiel, M. D. Del Unno, “Three successive cases of enteric anisakiasis,” Digestive
Pozo, and M. Garcia, “Periodate treatment of Anisakis simplex Surgery, vol. 24, no. 3, pp. 228-231, 2007.
allergens,” Allergy, vol. 52, no. 5, pp. 565-569, 1997. [83] D. B. Kang, J. T. Oh, W. C. Park, and J. K. Lee, “Small bowel

[67] M. Garcia, I. Moneo, M. T. Audicana et al., “The use of IgE obstruction caused by acute invasive enteric anisakiasis,” The
immunoblotting as a diagnostic tool in Anisakis simplex allergy;” Korean Journal of Gastroenterology, vol. 56, no. 3, pp. 192-195,
Journal of Allergy and Clinical Immunology, vol. 99, no. 4, pp. 2010.

497-501, 1997. [84] H. Takeiand S. Z. Powell, “Intestinal anisakidosis (anisakiosis),”

[68] J. Sastre, M. Lluch-Bernal, S. Quirce et al., “A double-blind, Annals of Diagnostic Pathology, vol. 11, no. 5, pp. 350-352, 2007.
placebo-controlled oral challenge study with lyophilized larvae ~ [85] C. M. Moschella, S. Mattiucci, P. Mingazzini et al., “Intestinal
and antigen of the fish parasite, Anisakis simplex,” Allergy, vol. anisakiasis in Italy: a case treated by emergency surgery, Il
55, no. 6, pp. 560-564, 2000. Giornale di Chirurgia, vol. 26, no. 5, pp. 201-205, 2005.

[69] S. Lorenzo, R. Iglesias, E. Paniagua, I. Ansotegui, J. M. Alonso, [86] S.Shrestha, A. Kisino, M. Watanabe et al., “Intestinal anisakiasis
and F. M. Ubeira, “Natural antibodies to nematode biotinyl- treated successfully with conservative therapy: importance of
enzymes in human sera,” Medical Microbiology and Immunol- clinical diagnosis,” World Journal of Gastroenterology, vol. 20,
o0gy, vol. 189, no. 4, pp. 177-183, 200L. no. 2, pp. 598-602, 2014.

[70] C. Y. Pascual, J. F. Crespo, S. San Martin et al., “Cross- [87] Y. Takano, K. Gomi, T. Endo et al., “Small intestinal obstruction
reactivity between IgE-binding proteins from Anisakis, German caused by anisakiasis,” Case Reports in Infectious Diseases, vol.
cockroach, and chironomids,” Allergy, vol. 52, no. 5, pp. 514-520, 2013, Article ID 401937, 3 pages, 2013.

1997. [88] K. Nakaji, “Enteric Anisakiasis which improved with conserva-

[71] P. Caramello, A. Vitali, F. Canta et al., “Intestinal localization of tive treatment,” Internal Medicine, vol. 48, no. 7, p. 573, 2009.
anisakiasis manifested as acute abdomen,” Clinical Microbiology [89] T.Watanabe, S. Ohta, S. Iwamoto et al., “Small bowel anisakiasis
and Infection, vol. 9, no. 7, pp. 734-737, 2003. with self-limiting clinical course,” Internal Medicine, vol. 47, no.

[72] Q. Chen, H. Q. Yu, Z. R. Lun et al., “Specific PCR assays for the 24, pp. 2191-2192, 2008.
identification of common anisakid nematodes with zoonotic ~ [90] A. M. Adams, M. N. Ton, M. M. Wekell, A. P. MacKenzie,
potential,” Parasitology Research, vol. 104, no. 1, pp. 79-84, 2008. and E M. Dong, “Survival of Anisakis simplex in 3”0Wt00th
(73] J. Jurado-Palomo, M. C. Lépez-Serrano, and . Moneo, “Multi- flounder (Atheresthes stomia) during frozen storage,” Journal of

ple acute parasitization by Anisakis simplex,” Journal of Investi- Food Protection, vol. 68, no. 7, pp. 1441-1446, 2005.
gational Allergology and Clinical Immunology, vol. 20, no. 5, pp.
437-441, 2010.

[74] L. I. Fernandez Salazar, B. Guantes de Vigo, J. Herreros
Rodriguez et al., “Another multiple gastric anisakiasis case,”
Revista Espafiola de Enfermedades Digestivas, vol. 102, no. 1, pp.
60-61, 2010.

[75] Y. Shimamura, N. Ishii, M. Ego et al., “Multiple acute infection
by Anisakis: a case series,” Internal Medicine, vol. 55, no. 8, pp.
907-910, 2016.

[76] E. Pacios, J. Arias-Diaz, ]. Zuloaga, J. Gonzalez-Armengol, P.
Villarroel, and J. L. Balibrea, “Albendazole for the treatment of
anisakiasis ileus,” Clinical Infectious Diseases, vol. 41, no. 12, pp.
1825-1826, 2005.

[77] D. A.Moore, R. W. A. Girdwood, and P. L. Chiodini, “Treatment
of anisakiasis with albendazole,” The Lancet, vol. 360, no. 9326,
p. 54, 2002.

[78] M. D. C. Romero, A. Valero, J. Martin-Sdnchez, and M. C.
Navarro-Moll, “Activity of Matricaria chamomilla essential oil
against anisakiasis,” Phytomedicine, vol. 19, no. 6, pp. 520-523,
2012.

[79] C. Gémez-Rincon, E. Langa, P. Murillo, M. S. Valero, C.
Berzosa, and V. Lopez, “Activity of tea tree (Melaleuca alternifo-
lia) essential oil against L3 larvae of Anisakis simplex,” BioMed
Research International, vol. 2014, Article ID 549510, 6 pages,
2014.

[80] M. Sekimoto, H. Nagano, Y. Fujiwara et al., “Two cases of
gastric Anisakiasis for which oral administration of a medicine
containing wood creosote (Seirogan) was effective,” Hepato-
Gastroenterology, vol. 58, no. 109, pp. 1252-1254, 2011.



