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Abstract: The present study was performed to estimate the seroprevalence of larval Anisakis simplex infection among the
residents health-examined in 3 hospitals in southern parts of Korea. A total of 498 serum samples (1 serum per person)
were collected in 3 hospitals in Busan Metropolitan city, Masan city, and Geoje city in Gyeongsangnam-do (Province) and
were examined by IgE-ELISA and IgE-western blotting with larval A. simplex crude extract and excretory-secretory prod-
ucts (ESP). The prevalence of antibody positivity was 5.0% and 6.6% with ELISA against crude extracts and ESP, respec-
tively. It was also revealed that infection occurred throughout all age groups and higher in females than in males. A specif-
ic protein band of 130 kDa was detected from 10 patients with western blot analysis against crude extract and ESP among
those who showed positive results by ELISA. Our study showed for the first time the seroprevalence of anisakiasis in Ko-
rea. The allergen of 130 kDa can be a candidate for serologic diagnosis of anisakiasis.
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INTRODUCTION

The nematode Anisakis simplex is a representative parasite for
marine mammals. Almost all marine fish and cephalopods
can become infected with the third stage larva (L3) of A. sim-
plex. Human infections occur upon the ingestion of marine
fish or cephalopods. The ingested A. simplex larvae by humans
penetrate the stomach wall causing acute abdominal pain, nau-
sea, and vomiting within a few hours. When the larvae invade
the gastric or intestinal mucosa, inflammatory reaction often
results in ulcer or eosinophilic granuloma. Recently, it has be-
come clear that anisakiasis is often associated with strong aller-
gic reactions ranging from urticaria to anaphylactic shock [1-4].

Chai et al. [5] reported that the prevalence of anisakiasis has
remarkably increased throughout the world in the last 30 years.
One of the main reasons for this increase is attributed to the
preference for raw and slightly cooked food. This trend will
bring about the rise of infectious diseases caused by parasitic
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infections, like A. simplex larvae, through marine fishery prod-
ucts. Although anisakiasis might occur in any country where
the people eat raw or undercooked fish or squids, the majority
of cases have been diagnosed in Korea, Japan, Spain, and some
other countries because of their eating habits [6-9].

The prevalence of A. simplex infection has been reported to
be different depending on the countries and areas. Several stu-
dies have reported that more than 10% of gastrointestinal ani-
sakiasis showed allergic symptoms related to fish consump-
tion. The anisakid infection rate in Spain was known to be
around 0.43% in Galicia area and 12.4% in the population of
Madrid [10,11]. An epidemiological study in Japan has shown
that anisakiasis was more frequent in costal populations and
among 20- to 50-year-old males. In addition, these patients
were reported to engage in fishing industry or inhabit coastal
areas [12]. The high prevalence of A. simplex larval infection of
fish and cephalopods has been reported in various fish species
and squids [13-15]. Favored fishes of the Korean people, such
as mackerels, cods, Alaska pollacks, scabbard fish, and squids
were heavily infected with A. simplex L3 [16,17]. These reports
suggested possible association between fish consumption and
allergic responses in Korean people. Nevertheless, seroepide-
miologic surveys among Koreans have not been accomplished.

To obtain data of seroprevalence against A. simplex allergens
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among Koreans, we analyzed blood samples from residents in
the southern parts of Korea by ELISA and Western blot analysis
using crude extract and excretory-secretory products (ESP) from
A. simplex L3.

MATERIALS AND METHODS

Subjects of investigation

We prepared 498 sera from blood samples collected in 3
hospitals, each located in Busan Metropolitan city, Masan city,
and Geoje city. The study population were selected from the
patients admitted for health examinations. They had no histo-
1y of allergic symptoms, including allergic rhinitis, urticaria,
atopic dermatitis, and asthma (total IgE <100 IU/ml). Serum
samples were obtained by clotting and centrifugation of the
blood at room temperature and were stored at -70°C. The col-
lection of sera for use in these studies was approved by the Hu-
man Subjects Investigation Committee of Kosin University,
Busan, Korea.

Preparation of Anisakis antigens

A. simplex L3 larvae were collected manually from the vis-
cera, flesh, and body cavities of naturally infected mackerels
(Scomber japonicus) and thoroughly washed with PBS. The crude
extract of A. simplex L3 larvae was prepared from 300 larvae
(about 1 g). Larvae were frozen in liquid nitrogen and smash-
ed by mortar. To extract proper amounts of proteins, the pro-
tein extraction solution was added and stored on ice for 30 min
according to the manufacturer’s instructions (PRO_PREP™,
iNtRON Biotechnology, Seoul, Korea). The supernatant was
collected after centrifugation at maximum speed for 10 min at
4°C. The amount of protein was measured by the Bradford
method.

ESP were prepared as described below. The collected larvae
were incubated in PBS for 24 hr to remove salts and other for-
eign bodies. Larvae were incubated in DMEM (Dulbecco’s
Modified Eagle Medium) with gentamycin (150 mg/ml) and
vancomycin (10 mg/ml) at 0.5 ml/larva, 37°C for 48 hr. The
media were collected and centrifuged at 2,500 rpm for 20 min
and concentrated with Amicon stirred cells , cut off molecular
weight less than 10,000 (Millipore Corp, Massachusetts, USA).

IgE ELISA
The crude extract and ESP of A. simplex L3 larvae were used
as antigens. Both of them were diluted for the ELISA Starter Kit

(Koma Biotech, Seoul, Korea) as 1 g/ml and 100 pl of aliquots
were added each well of 96 well ELISA plate. Antigens were in-
cubated overnight at 4°C and washed with Tris-Buffered Saline
with tween-20 (TBST) 3 times. Blocking solution was added
each well and incubated for 1 hour at room temperature. Sam-
ples were incubated with 1:5 diluted patients’ sera and 1:500
diluted peroxidase conjugated goat anti-human IgE (Sigma Al-
drich, St. Louis, Missouri, USA) as the secondary antibody. For
color reactions, 100 pl of TMB substrate solution was added
and stopped the reactions when color reaction was enough to
measure. Absorbance was measured at 450 nm by ELISA read-
er (Emax, Molecular Devices, Downingtown, Pennsylvania,
USA). A mean OD value +3SD of the negative control sera was
set as a cut-off value. Negative control sera were collected from
10 healthy persons aged 20-25 years who had no allergic his-
tory and the total IgE level was less than 100 IU/ml.

Immunoblot

Antigens from crude extracts and ESP were run through pro-
tein gel electrophoresis. Proteins were diluted with dissocia-
tion buffer (3:1) and boiled at 100°C for 5 min. Boiled pro-
teins were run through 12% SDS-polyacrylamide gel and trans-
ferred on a nitrocellulose membrane by Mini-Protean II (Bio-
Rad, Richmond, California, USA) at 25 volt for 1.5 hr. Trans-
ferred proteins were checked by ponceau staining and blocked
with PBS containing 5% skim milk at room temperature for 1
hr. After 3 times washing with PBST for 10 min, membranes
were incubated with diluted ELISA positive patients’ sera (1:10)
at 4°C overnight. Blotted membranes were washed 3 times with
PBST for 10 min and incubated with horseradish peroxidase-la-
beled goat anti-human IgE (1:500) (Sigma) at room tempera-
ture for 1 hr. After 3 times washing with PBST for 10 min, color
reaction was conducted by adding 4-chloro-1-naphtol (Sigma)
or DAB substrate (Pierce, Rockford, Illinois, USA) on the blot-
ted membrane.

RESULTS

The study population consisted of 269 females and 229 mal-
es. The ages of patients were from teens to 98 years old. Among
them, 107 were in their twenties, and was the largest group.
The numbers of thirties, forties, fifties, sixties, seventies, and
eighties and older were 81, 71, 55, 55, 45, and 50, respectively
(Table 1). To analyze the pattern of antigens from crude ex-
tracts and ESP of A. simplex L3, proteins were run through SDS-
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Table 1. Age group distribution of subjects and results of ELISA
and western blot with Anisakis simplex L3 larva crude extract
antigen and excretory-secretory antigen

A No. of subjects ELISA positive WB? positive
e

¢ Total Female Male  CE° ES® CE ES
10-19 34 23 11 4 3 0 0
20-29 107 67 40 6 5 0 1
30-39 81 54 27 5 6 0 4
40-49 71 26 45 3 4 0 1
50-59 55 17 38 2 1 1 1
60-69 55 15 40 1 3 0 1
70-79 45 29 16 4 7 1 0
80- 50 38 12 0 4 0 0
Total 498 269 229 25 33 (209 2¢ 8°

AWestern blot, °crude extracts, excretory-secretory product, “the num-
ber of positive females, 130 kDa band positive.

PAGE. Proteins were distributed from molecular weight of 200
kDa to 10 kDa (Fig. 1).

The optical density (OD) by ELISA of the 498 patients re-
vealed 0.03+0.084 (mean+SD), and 0.01+0.108 for antigens
from crude extract and ESP, respectively. The seropositive rate
was 5.0% with crude extract antigen while that with ESP antigen
was 6.6% (33 positives) by ELISA among the 498 patients (by
cut-off OD value of 0.10). Twenty were females among 33 pos-
itive patients (Table 1). The OD value of the positive group
was 0.28+0.114 and 0.23+0.117, and that of negative group
was 0.01£0.042 and 0.01 £0.079 for antigens from crude ex-
tracts and ESP, respectively. The specific serum IgE level against
A. simplex crude extracts and ESP showed various distributions
between the study populations. The serum samples from Geoje
city showed more extensive distribution and higher values than
those from the other 2 cities (Fig. 2).

Western blotting carried out for ELISA positive sera revealed
a specific band of about 130 kDa in 10 patients in both crude
extract and ESP (Fig. 3). The mean OD of ELISA for 10 patients
who showed the specific band in western blot was 0.28 +0.221.
The regional distribution of positive serum samples by West-
ern blotting showed that 8 positive patients were in Geoje city,
and 2 patients were in Masan city. Eight were females among
all 10 positive sera.

DISCUSSION

In our study, we analyzed the serum samples obtained from
residents of Busan Metropolitan city, Masan city, and Geoje
city by ELISA and western blotting for the seroepidemiologic
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Fig. 1. SDS-PAGE of excretory-secretory products (ES) from
Anisakis simplex L3 larvae and somatic crude extract (CE). M:
Molecular marker. Arrow: 130 kDa.

study of A. simplex L3 infection. The positive rates by ELISA
showed 5.0% and 6.6% for antigens from crude extracts and
ESD, respectively. Western blot analysis of ELISA positive sera
revealed the specific band of about 130 kDa in 10 patients in
both crude extract and ESP. This protein is considered similar
to Ani s 7 (139 kDa) which was proposed by Rodriguez et al.
[18], which was reported to be the typical antigen for A. sim-
plex L3. Our work provided the first data on the seroprevalence
of anti-Anisalis IgE sensitization in Korea.

In Spain, the prevalence of anisakiasis varied depending on
location, such as 12.4% in Madrid and 0.43% in Galicia [10,11].
Valinas et al. [10] suggested that the low positive infection rate
(0.43%) of anisakis allergy in Galicia, Spain, was due to the
difference between live or dead larvae. They postulated that
only live A. simplex L3 can cause anisakis allergy. However, oth-
er reports set forth a counterargument that it can be different
according to the habit of fish consumption, genetic backgro-
und, and diagnostic methods [19].

Many factors can affect the seroepidemiological prevalence.
The types of antigens and diagnostic methods, however, are the
most important factors influencing seroepidemiological inves-
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Fig. 2. Distribution of specific serum IgE against Anisakis simplex somatic crude extracts (CE) and excretory-secretory products (ES).
It was expressed as the OD value of ELISA in residents of Geoje city, Masan city, and Busan Metropolitan city. Each point represents

a single serum. Cut-off OD value is 0.10.
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Fig. 3. Western blot analysis of Anisakis simplex L3 excretory-
secretory products (A, C) and crude extracts (B) with sera of pa-
tients. A,B: sera from Geoje city, C: sera from Masan city. The
130 kDa protein (arrow) was detected in 10 sera among ELISA
positive samples. M: Molecular marker.

tigations. Although the crude extracts and ESP are frequently
used for serologic diagnosis, ESP were reported as the more
potent and clinically important allergens for diagnosis [20-23].
Our results also showed that ESP was more potent allergen
than the crude extract. However, cross reactions with other al-
lergens, such as intestinal and blood-tissue nematodes, should
be considered in regard to seropositive prevalence [24,25].

Many excretory-secretory and somatic Anisakis-specific anti-
gens have been reported, including Ani s 1 (21 kDa) [26], Ani
s 2 (100 kDa, paramyosin) [27], Ani s 3 (41 kDa, tropomyo-
sin) [28-29], Ani s 4 (9 kDa, cysteine protease inhibitor) [30-
31], Ani s 5 (15 kDa protein homologous with the SXP/RAL-2
family proteins), and Ani s 6 (7 kDa, serine protease inhibitor)
[32]. Recent studies also reported functionally unknown anti-
gens, including Ani s 8 (15 kDa), Ani s 9 (14 kDa), and Ani s
10 (21 kDa protein with unknown function; Allergen Nomen-
clature Sub-Committee; http://www.allergen.org). We identi-
fied a 130 kDa protein with western blotting among ELISA
positive patients. This protein showed a similar molecular wei-
ght with Ani s 7. Ani s 7 (139 kDa) was identified to have a
1096-amino acid fragment 7 (GenBank: EF158010) and 19 re-
peats of a novel CX17-25 CX 9-22 CX8 CX6 tandem repeat
motif [33]. Ani s 7 was reported probably the most important
major excretory-secretory allergens since they were recognized
by 100% of infected patients. In addition, Anti-Ani s 7 IgE an-
tibodies were reported that they were induced by live Anisakis
larvae peaked at about day 30 post-infection and then decre-
ased slowly over the course of 2 months [33]. Our results also
suggested that Ani s 7 can be a potent serodiagnostic antigen
in Korean patients.

In conclusion, we recognized that the seropositive rate of
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anisakiasis was 5.0% and 6.6% with ELISA against crude ex-
tracts and ESP, respectively. The specific 130 kDa protein was
confirmed by Western blot analysis among ELISA positive se-
rum samples. This protein was similar with Ani s 7 in molecu-
lar weight and can be a candidate for diagnosis of anisakiasis
among Koreans.
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