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Introduction

Summary

Oral infection by Anisakis simplex third stage larvae (L3) frequently gives rise
to an allergic response. To comprehend the allergic and immune responses
induced by L3, we investigated the kinetics of specific antibody isotype expres-
sion and the time course of biological and immunochemical allergy states
using sera prepared from rats orally infected with L3 twice, with an interval of
9 weeks between infections. Biological and immunochemical allergy states
were analysed by RBL-2H3 exocytosis and by indirect ELISA for IgE, respec-
tively. The peak IgM at reinfection (RI) was comparable or similar to that at
primary infection (PI) both in levels analysed by indirect ELISA and in anti-
gen recognition analysed by Western blot. IgG1 and IgG2a levels were higher
and showed accelerated kinetics after RI vs. after PI. However, the level of
IgG2b was substantially lower than that of IgG2a. Peak immunochemical and
biological allergy states for RI were higher and were reached faster than those
for PI. The peak biological allergy state was observed at 1 week postreinfection
and this occurred sooner than that for the peak immunochemical allergy state
found at 2 weeks postreinfection. Our analysis of the relationship between
specific IgE avidity and biological allergy state did not show any meaningful
correlation. These results suggest that the allergic response induced by L3 oral
infection is predominantly caused by reinfection and that this is accompanied
by an elevated IgM level, which further suggests that the biological allergy
state might not be related to specific IgE avidity.
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route and the human L3 allergy is caused by oral infection
and not by peritoneal infection; thus, it is necessary to

Anisakis simplex belongs to the Anisakinae family and nor-
mally parasitizes marine mammals. The second intermediate
hosts of Anisakis simplex are marine fishes and cephalopods
in which third stage larvae (L3) grow and develop. Live L3
carried by raw intermediate hosts infect humans orally [1].
In contrast to the reduced allergic response reported in hosts
with a Schistosoma haematobium infection [2], L3 frequently
causes allergies [3-5].

Several research groups have investigated the kinetics of
specific antibody production in mice [6-9]. However, these
results in mice could not be associated with an allergic
response, as the presence of specific IgE was not verified.
Amano et al. [10] first established the time course of L3-
dependent allergies by peritoneal inoculation in a rat model.
However, the immune response depends on the infection

investigate the time course using rats infected with L3 per os
[10].

Daschner et al. [11] and Alonso-Gomez et al. [12] showed
that the L3 allergy induced by re-exposure to L3 was accom-
panied by an increase in specific IgM. They suggested that
the elevation of specific IgM in the secondary immune reac-
tion was caused by a new antigen or epitope that was not rec-
ognized in the primary immune response. As specific IgM
production is a characteristic feature of the primary immune
reaction, specific IgM produced in the secondary immune
reaction in human L3 allergies should be compared with that
produced in the primary immune reaction.

Several methods exist to characterize an allergy state.
Immunochemical methods that analyse allergy state involve
identifying a specific IgE by indirect ELISA or characterizing
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the IgE antigen by Western blot. Biological methods for
studying allergy state involve either passive cutaneous
anaphylaxis (PCA) or the measurement of exocytosis in rat
basophilic leukaemia (RBL)-2H3 cells [13,14]. The results of
RBL-2H3 exocytosis are highly correlated with those of PCA
[15,16]. The relationship between biological allergy state and
specific IgE avidity was described as a reverse relationship in
a study using artificially prepared antibodies [17,18]. This
relationship needs to be re-examined with a naturally
induced allergy by L3.

This investigation used both biological and immu-
nochemical methods to examine the time course of allergy
states and the kinetics of specific antibody production in rats
infected orally with L3. Our results showed that allergies
caused by L3 oral infection were mainly induced by reinfec-
tion and occurred in combination with the elevation of spe-
cific IgM. Moreover, the biological allergy state was not
found to be related to the avidity of specific IgE in the allergic
response induced by L3.

Materials and methods

Materials

Sprague-Dawley rats purchased from Samtako (Osan shi,
South Korea) were kept in an animal room, according to the
guidelines of the Experimental Animal Committee of the
Korea University College of Medicine. Avidin-conjugated
alkaline phosphatase, alkaline phosphatase substrate (Sigma
104), and p-nitrophenyl N-acetyl-B-D-glucosaminide were
purchased from Sigma (St. Louis, MO, USA). RBL-2H3 cells
were maintained in MEM-Earles (Sigma) supplemented
with 15% fetal bovine serum, L-glutamine, sodium pyruvate,
and penicillin/streptomycin according to the protocol sup-
plied by ATCC [19].

Anisakis simplex fourth stage larva (L4) excretory-
secretory products (ESP and L4ESP) preparation

L3 harvested from mackerel body cavities were soaked in 0-1
M glycine solution (pH 2-0) twice for 30 min each time and
then cultured in RPMI 1640 supplemented with the antibi-
otics gentamicin, kanamycin, streptomycin and penicillin in
a humid, 37° C, 5% CO, incubator [19]. The supernatant
harvested on culture day 5 was referred to as L4ESP. This
supernatant was lyophilized, resuspended in distilled water,
and filtered.

Parasite infection and blood collection

The Sprague-Dawley rats were orally infected with L3 twice
with an interval of 9 weeks between infections by placing 5
or 20 larvae on the pharynx. Rat sera were prepared by care-
ful bleeding once per week from the ophthalmic plexus vein
using a heparin-coated capillary tube [19].

Indirect ELISA

Indirect ELISA was performed as described by Kim et al.
[19]. Briefly, ELISA plates coated with antigen (100 pl/well at
4 ug/ml) were incubated at 4° C for 16 h with each serum
diluted 1 : 200. To detect the presence of each immunoglob-
ulin isotype, plates were incubated for 2 h at 37° C with
peroxidase-conjugated goat anti-rat IgM antibodies (ICN/
Cappel, Westchester, PA, USA) or peroxidase-conjugated
goat anti-rat IgG1, IgG2a, or IgG2b antibodies (Zymed, San
Francisco, CA, USA) diluted 1 : 1000. o-Phenylene diamine
(1 mg/ml, Sigma) was used as the substrate for peroxidase
and the optical density (OD) read at 450/650 nm using a
Microplate reader (Molecular Devices, Menlo Park, CA,
USA). The ELISA reader showed optical density in the range
from 0 to 4. For specific IgE, plates were incubated with
purified B5 (1 ug/ml) [20] and then incubated for 2 h at
37 °C with goat anti-mouse IgG conjugated to alkaline phos-
phatase (Sigma) diluted 1:1000. Sigma 104 (1 mg/ml,
Sigma) was used as the substrate and optical density read at
405/650 nm.

Rat IgE capture assays

Rat IgE capture assays were performed as described by Kim
et al. [21] to measure the level of total rat IgE. Briefly, ELISA
plates (Costar, Cambridge, MA, USA) coated with purified
B5 (4 pg/ml) at 100 ul/well were incubated with rat serum
samples for 2h in a 37 °C incubator diluted 1:200. The
plates were then incubated for 2 h at 37 °C with biotinylated
mare-1 (mouse IgG anti-rat IgE, Zymed) diluted 1: 1000
and finally incubated for 2h at 37°C with alkaline
phosphatase-conjugated Extravidin diluted 1:1000. Sigma
104 (1 mg/ml) was used as the substrate. The concentration
of rat IgE was determined by comparison with a standard
curve generated using rat IgE of IR162 (Zymed). A standard
curve was calibrated using the Softmax program (Molecular
Devices, Menlo Park, CA, USA).

RBL-2H3 cell activation and the measurement of
B-hexosaminidase release

The activation of RBL-2H3 was performed as described by
Kim et al. [21]. Briefly, ~5 x 10* RBL-2H3 cells per well were
incubated for 2 h with rat serum diluted 1 : 40 at 100 pl per
well in a humid 37 °C, 5% CO, incubator. Exocytosis was
induced by incubation with L4ESP (200ug/ml, 100ul/well)
for 2h. As an indicator of RBL-2H3 exocytosis, -
hexosaminidase release was measured using p-nitrophenyl-
N-acetyl-B-D-glucosaminide as a substrate [19]. OD was
read at 405/650 nm. Exocytosis results were analysed by aver-
aging the data obtained from triplicate wells and expressed as
release percentages. Total release was achieved by lysing cells
with 1% Triton X-100.
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SDS-PAGE and Western blot

SDS-PAGE was performed with a discontinuous gel consist-
ing of a 10% resolving gel and 4% stacking gel using a
Mini-Format Vertical Electrophoresis System (Amersham
Biosciences, Uppsala, Sweden) as described by Kim et al.
[19]. The proteins were blotted onto nitrocellulose mem-
branes (Schleicher & Schuell, Germany) and specific anti-
gens were visualized by Ig isotype, i.e. IgM, IgG1 and IgE.

Specific IgE avidity

The L4ESP-specific IgE thiocyanate avidity assay used was a
modified form of an L4ESP-specific IgE ELISA, as previously
described by Mitchell et al. [18]. Sera were assayed at dilu-
tions determined to give a final absorbance of approximately
0-1. After incubation of the plate with diluted serum and
washing, 100 ul of sodium isothiocyanate (0-75, 1-5, 3 and
6 M) in 0-2 M phosphate buffer was added (in duplicate)
and the plate incubated for 15 min at RT. After the elution
with isothiocyanate, the plate was washed three timed with
PBS-T and the assay was completed as described above for
the indirect ELISA of IgE against L4ESP. IC50% was defined
as the concentration of isothiocyanate required to reduce the
absorbance of a sample to 50% of the noninhibited value.
This was determined by interpolation using inhibition
curves and assuming linearity at the 50% point.

Statistical analysis

Data are presented as mean + SE. Statistical analyses were
performed using Excel (Microsoft). Standard error bars (SE)
are shown in the figures.

Measurements of endotoxin activity

The endotoxin activities of each ESP preparation were
determined using a Limulus amebocyte lysate (LAL) assay
kit (QCL-1000) from Cambrex (Walkersville, MD, USA)
according to the protocol supplied by manufacturer. Four
different preparations of L4ESP were tested.

Results

The rat sera collected from each group infected with 5-L3 or
20-L3 were examined by indirect ELISA to measure the levels
of specific antibodies (IgM, IgG1, IgG2a, and IgG2b) against
L4ESP (Fig. 1). Analyses of serum dilutions showed that the
OD values from the ELISAs were in a linear relationship with
specific antibody level. Each experimental group contained 8
rats. The ELISAs showed that the OD levels of 20-L3 were
much higher than those of 5-L3, and that the OD levels at RI
were higher that those at P1. The OD levels of IgM at peak RI
were similar or higher than those at PI (Fig. 1a). Compared
to the kinetics of IgG1 and IgG2a, the change in IgM OD
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Fig. 1. The time course of production of specific antibody isotypes:
IgM, 1gG1, IgG2a, and IgG2b. The presence of each specific antibody
isotype was analysed by indirect ELISA. (a) IgM, (b) IgGl, (c) IgG2a,
and (d) IgG2b. @ 20-L3 group; O the 5-L3 group. The arrows indicate
times of infection. Each rat was infected with either 20- or 5-L3. SEs are
shown as bars.

level was more rapid. IgG1 and IgG2a showed a similar pat-
tern to IgM in that OD levels at RI increased faster than those
at PI and stayed at a higher level for a longer period
(Figs 1b,c). In contrast to the OD level and kinetics of IgG2a,
the production of IgG2b was low and irregular.

Both RBL-2H3 exocytosis and indirect ELISA for IgE
revealed that higher levels of IgE were present at RI than at
PI, and the kinetics of IgE showed a pattern of rapid change,
similar to the IgM kinetics. The kinetics of specific IgE at RI
peaked at 3 weeks post reinfection (pri) for 5-L3 and at
2 weeks pri for 20-L3. However, the kinetics of release per-
centage in the RBL-2H3 exocytosis assay peaked at 1 week
pri for both 5-L3 and 20-L3 and then decreased gradually
(Figs 2a,b). The kinetics of total IgE showed rapidly chang-
ing patterns for both PI and RI (Fig. 2b).

Antigens recognized by a specific antibody isotype were
analysed by Western blot using rat sera from 2 rats, one with

Fig. 2. The kinetics of specific IgE, total IgE, and RBL-2H3 exocytosis.
Allergic state was analysed immunochemically by indirect ELISA for

specific IgE (a), by rat IgE capture assay for total IgE level (b) and
biologically by RBL-2H3 exocytosis (c). @ 20-L3 group; O 5-L3 group.
The arrows indicate the times of infection. SEs are shown as bars.
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Fig. 3. Immunoblot analysis with specific antibody isotypes of IgM,
IgG1 and IgE. Antigens recognized by the specific antibody isotypes IgM
(lanes a—e), IgE (lanes f—j) or IgG1 (lanes k—o) were analysed by Western
blot. Sera were from two individual rats infected either with 5-L3 (x) or
20-L3 (y) or from negative control rat (z) either at 2 week ppi (lanes a,
¢, f, h, k, m) or at 2 week pri (11 week ppi, lanes b, d, g, 1,1, n). The
molecular marker is shown on the right.

5-L3 infection (x) and the other with 20-L3 infection (y) at
2 weeks post primary infection (ppi) and at 2 weeks pri
(Fig. 3). Antigen recognition by specific IgM showed that the
antigens identified were similar, regardless of L3 number or
number of infections (Fig. 3, lanes a, b, ¢, d).

The avidities of specific antibody isotypes IgM, IgG1 and
IgE were analysed using sera from 1 to 4 weeks ppi and from
1 to 4 weeks pri. The avidity at RI tended to exceed that at PI
for IgM, IgG1, and IgE (Figs 4a—c). In the case of specific IgE
avidity, no noticeable differences were found 1, 2, or 3 weeks
pri (Fig. 4c). This similarity in specific IgE avidities was also
observed using another rat sera preparation (data not
shown).

The correlation coefficients (CC) were calculated between
IgM and each of the following parameters of the time course:
IgG1, IgG2a, IgE, total IgE or RBL-2H3 exocytosis. The anal-
ysis showed that the CCs for each comparison with specific
IgM decreased abruptly at 1 week pri (Fig. 5a—e). The CC
between IgE avidity and specific IgE was particularly low at
1 week ppi and at 1 week pri (Fig. 6a). And, the CC between
IgE avidity and RBL-2H3 exocytosis showed low values both
at 1 week ppi and at 1 week pri (Fig. 6b).

Discussion

Amano et al. [10] investigated the time course of immune
reactions against ESP prepared by incubating L3 for 5 days,
which we refer to as L4ESP. Since the kinetics of the specific

IgG for LAESP showed a pattern of increase, Amano et al.
concluded that the infecting L3 developed into L4 in the rat
peritoneum. In this investigation, because the sera from rats
orally infected with L3 contained a high level of antibodies to
L4ESP, most of the orally introduced L3 had developed into
L4 within the rat intestine. Ishikura reported that orally
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Fig. 4. The time course of specific antibody avidity for L4ESP. The avid-
ity of specific antibody for L4ESP was analysed for a) IgM, (b) IgG1 and
(c) IgE. The arrows indicate the times of infection.
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Fig. 5. Correlation between parameters of specific antibody, total IgE
and RBL-2H3 exocytosis. Pearson’s correlation coefficients were calcu-
lated between IgM and each of the following parameters: IgG1, IgG2a,
IgE, total IgE and RBL-2H3 exocytosis. The x-axis indicates weeks after
infection.
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Fig. 6. Correlation between IgE avidity and allergic state. Pearson’s cor-
relation coefficients were calculated (a) between specific IgE avidity and
specific IgE, and (b) between specific IgE avidity and RBL-2H3 exocy-
tosis. RBL indicates RBL-2H3 exocytosis. The x-axis indicates weeks
after infection.

introduced L3 disappeared from the rat intestine within a
day [22]. In the present study, no larvae were found within
rat bodies in the autopsies at either 1 week ppi or at 1 week
pri in 4 rats of 5-L3 or 4 rats of 20-L3 (data not shown).
Thus, most of the orally introduced L3 are believed to have
been expelled during the early infection period. Due to the
fast discharge of orally introduced L3, oral infection was
expected to produce an insufficient and irregular immune
reaction [9,10]. However, our results showed that the orally
introduced L3 induced a constant and strong immune reac-
tion (Fig. 1). The elevated IgM production in L3 oral infec-
tion decreased faster than that in L3 peritoneal inoculation
(Fig. 1a) [10], a phenomenon which we attributed to less
L4ESP absorption from L4 within the intestine than within
the peritoneum.

Although specific IgM production upon primary infec-
tion was observed even in cases of Toxocara canis infection,
specific IgM production upon reinfection has not been
reported in humans, an abnormal host [23]. In addition, it is
generally believed that the production of IgM at PI is usually
much higher than that at R, as observed for bacterial or viral
infections. However, IgM elevation for L3 RI was compara-
ble to that for L3 PI and was considered a marker of live L3
infection. The kinetics of specific IgM differed from that of
other isotypes as IgM increased rapidly regardless of the
number of infections.

Mast cells were known to participate in primary defence
against bacterial infection and activated by lipopolysaccha-
ride (LPS) of bacterial product [24,25]. However, mast cell
exocytosis was not induced by LPS. In this investigation, a
clear larva culture supernatant was applied and the prepared
L4ESP was regarded to carry a low level bacteria (LAL test:
25-200 EU/ml). The contaminated L4ESP was characterized
by turbid larva culture supernatant, in spite of daily change
of culture media (LAL test: 1700 EU/ml). In addition, even
the exocytosis induction of RBL-2H3 sensitized by anti L4
rat sera by contaminated L4ESP was not over that by clear
and low-contaminated L4ESP (data not shown). RBL-2H3
was rat mucosal mast cell line. This indicates that the induc-

Time course of allergy by Anisakis simplex larvae

tion of RBL-2H3 exocytosis in this investigation was not
affected by any bacterial products.

Although the severity of the allergy state for PI did not
change with respect to L3 number (i.e. 5-L3 or 20-L3), the
allergy state for RI showed a clear dependence upon L3
number in both immunochemical and biological assays
(Figs 2a,b). Unlike the results of L3 peritoneal inoculation,
the allergy state induced by L3 oral infection appeared to be
positively associated with L3 number. However, the peak of
the biological allergy state at 1 week after L3 oral infection
was similar to that after L3 peritoneal inoculation.

Of the immunoglobulin isotypes measured, the produc-
tion of the specific antibodies IgE, IgG1l and IgG2a was
apparent. This observation indicates that the synthesis of
Th2 cytokines was prevalent [26,27], a conclusion compati-
ble with mRNA analyses (data not published). Although
some rat sera produced IgG2b, the production of which is
controlled by Th1 cytokines, the low OD levels and high SEs
showed that Th1 cytokine synthesis was irregular and weak.

Though Daschner et al. [11] have suggested that the IgM
elevation seen in gastro-allergic anisakiasis may be due to the
appearance of a new antigen, Western blots in this study
showed that the elevation of IgM by L3 RI was not induced
by a novel antigen (Fig. 3, line a-d). Rather, increased IgM
avidity appeared to be associated with the memory of IgM
production (Fig. 4a). This hypothesis of IgM memory needs
to be further explored. As discussed, the biological allergy
state for RI was stronger by a factor of 2 and occurred
2 weeks sooner than that for PI, regardless of the infecting L3
number. The difference in severity in allergy states in the
time course study suggests that the L3 allergy is induced by
re-exposure to the allergen, regardless of IgM elevation. This
description of L3 allergy is compatible with the general
description of an allergy. Although not strongly recognized
by specific IgM, an antigen at approximately 7 kD was clearly
recognized by both specific IgE (for y-11) and by specific IgG
(for x-11 and y-11). This antigen needs further investigation
as a marker for L3 reinfection (Fig. 3).

In the analysis of specific antibody avidity for L4ESP anti-
gen, IgM and IgGl1 avidity at RI was higher than at PI, indi-
cating an increased avidity at RI (Figs 4a,b). Although there
was a tendency for IgE to have a higher avidity at RI also, the
difference in IgE avidity between PI and RI was not as great
as for IgM and IgGl. In addition, no meaningful change was
observed from week 1 to week 3 pri for IgE avidity (Fig. 4¢).
Even the CC between IgE avidity and RBL-2H3 exocytosis
did not show a reverse relationship (Fig. 6b). However, since
there were abrupt decreases in the CC between IgM and
other isotypes at 1 week pri (Fig.5a—d) and between IgE
avidity and specific IgE at 1 week pri (Fig. 6a), sera at 1 week
pri appear to be different in immunological response. These
results indicate that, although the biological allergy state was
not related to specific IgE avidity in L3 allergy, there was an
abrupt change in the sera at 1 pri. To ensure its usefulness as
an effective naturally induced allergy model, the L3 allergy
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requires further investigation to clarify the induction of the
biological allergy state.

In this investigation, the time course of immune reactions
and the biological and immunochemical allergy states were
analysed using rats orally infected with L3. The results indi-
cate that the L3 allergy occurs upon re-exposure to L3, and
that this is accompanied by IgM elevation. Furthermore, our
immunochemical results suggest that the biological allergy
state is not related to IgE avidity.
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