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Abstract Background: To determine whether intestinal Angiostrongylus cantonensis antigens
can induce protective immunity in rats, gut antigens prepared from female adults (FAGP) and
somatic antigens prepared from both male (MA) and female (FA) adult worms were used to
immunize rats.
Methods: Rats were immunized twice with MA, FA, or FAGP antigens and then challenged with
50 third-stage A. cantonensis larvae, and different readouts were used to monitor protective
immunity. Additionally, protein profiles of MA, FA, and FAGP extracts were analyzed and char-
acterized by immunodetection methods.
Results: A 15% reduction in fifth-stage larvae from brains and a 14% reduction in adult worms
from pulmonary arteries were observed in rats immunized with FAGP compared to controls.
However, there was a >50% reduction in rats immunized with MA or FA. The lengths of larvae
and adults recovered from FAGP-immunized rats were shorter than those recovered from other
groups. The number of first-stage larvae recovered from fecal material in FAGP-immunized rats
was significantly reduced. Additionally, FAGP induced the highest splenocyte proliferation.
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Serum IgG titers were not directly correlated with protective immunity. An 84 kDa gut mem-
brane protein was strongly recognized by anti-FAGP antibodies.
Conclusion: We demonstrated that immune responses induced by FAGP reduced the growth,
development, and reproduction of A. cantonensis in subsequent infections. While the possibil-
ity of using FAGP combining with MA or FA antigens as a multi-function vaccine in immune pro-
tection against A. cantonensis needs to be further elucidated, we hope that it provides a novel
strategy for this parasite vaccine development.
Copyright ª 2017, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Angiostrongylus cantonensis is a parasite that mainly re-
sides in rat heart and pulmonary arteries, and in humans
causes eosinophilic meningitis and meningoencephalitis in
the Far East, Southeast Asia, and Pacific Islands.1e3 Many
terrestrial and freshwater mollusks, such as Achatina fulica
and Ampullaria canaliculata, can act as intermediate
hosts, which spread this parasite in Taiwan. When mammals
ingest these contaminated intermediate hosts, they can
become infected.4e6 These larvae migrated to the brain of
infected individuals cause brain and spinal cord symptoms,
such as headache, fever, vomiting, lethargy, stiff neck, and
increased cerebrospinal fluid (CSF) pressure.3,7

A. cantonensis remains an important zoonotic parasite
to local communities in Taiwan and is endemic in parts of
China.1,3,8,9 Presently, there is still no effective treatment
for this parasite. Acquired immunity against A. cantonensis
has been studied in experimental rodent hosts treated with
various types of parasite antigens, such as crude somatic
antigenic extracts from larvae of different developmental
stages,10e13 excretory-secretory (ES) antigens prepared
from adults,14,15 gamma-irradiated third-stage larvae16 and
live third-stage larvae.11 Importantly, studies have re-
ported that rats infected with A. cantonensis can develop
acquired immunity against re-infection with the same
parasite species.16,17 Antibodies in rats infected with A.
cantonensis increase significantly in the serum and CSF
where they associate with eosinophils to induce subsequent
immune responses against this parasite.18,19 Yong et al. also
found that passive transfer of immune serum or lympho-
cytes from infected rats to the uninfected recipient pro-
duced protective immunity against the same infection.20,21

Animals immunized with soluble or membrane associ-
ated proteins extracted from the gut of hematophagous
parasites were shown to be protected against
infection.22e25 For example, intestinal enzymes as well as
integral membrane proteins from Haemonchus contortus
were shown to protect lamb hosts from nematode
infection.26e28 The principal candidate antigens that are
expressed in the gut of these parasites generally show
protease activity, and include aspartyl protease, an integral
membrane glycoprotein complex located on intestinal
cells. Antibodies are thought to mediate protective immu-
nity by blocking the activity of such enzymes that are
involved in digestion within parasitic worms.29,30 Accord-
ingly, the present investigation describes a valuation of gut
proteins extracted from female A. cantonensis adults in the
protection of rats against challenge infection, and provides
an assessment of the acquired immunity in rats treated
with these proteins compared to those treated with so-
matic antigens extracted from male and female adults.

Materials and methods

Animals and parasites

SpragueeDawley (SD) rats used in this study were pur-
chased from the National Laboratory Animal Center (NLAC),
Taipei, Taiwan. The Taiwan strain of A. cantonensis was
originally isolated from A. canaliculata, collected from the
Yen-Tsao district, Kaohsiung, Taiwan. This strain was
maintained in the laboratory by cycling through Bio-
mphalaria glabrata snail and SD rats. First-stage larvae (L1)
were recovered from the feces of infected rats and fed to
snails. Infective third-stage larvae (L3) were obtained from
the snails after artificial digestion with 0.6% pepsineHCl
(pH 2.5). Rats were infected via stomach intubations. Ani-
mal experiments were carried out under humane conditions
with approval (LAC2014-0203) from the Institutional Animal
Care and Use Committee (IACUC) of Taipei Medical
University.

Antigen preparations

Adult A. cantonensis worms were obtained from the pul-
monary arteries and hearts of infected rats. These worms
were homogenized in 0.15 M PBS (pH 7.4) in a glass tissue
grinder at 4 �C, and sonicated in an ultrasonic disintegrator
(Soniprep 150, MSE Scientific Instruments, Manor Royal,
UK). Somatic antigens were prepared from male adults (MA)
and female adults (FA) by centrifugation at 12,500 g for
45 min at 4 �C. Soluble extracts of FA gut proteins (FAGP)
and gut membrane proteins were prepared following pre-
vious report with modified protocol.24 Briefly, some female
worms were dissected, and intact intestines were carefully
collected under a dissecting microscope, and then gently
squeezed to remove out all the material inside. These in-
testines were washed with 0.15 M PBS (pH 7.4) for several
times, and then disrupted for 10 min homogenization and
following sonication and centrifugation as described above.
In addition, insoluble gut samples (1 mg of proteins) were
homogenized in the homogeneous liquid (1 mM
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ethylenediamine-tetraacetic acid, 1 mM phenyl-
methylsulfonyl fluoride, 0.15 M PBS) to 10% (w/v) lysate.
Homogenized lysate was centrifuged at 12,500 g for 10 min
at 4 �C, and added 0.1% Tween 20, and then centrifuged
again. After removing supernatants, homogeneous liquid
with 2% Triton X-100 were added and placed for 2 h at 4 �C,
and then centrifuged again. All supernatants of samples
were stored in aliquots at �70 �C. The protein concentra-
tion of each antigen extract was determined by the Bio-Rad
DC Protein Assay (Bio-Rad Laboratories, Richmond, CA).

Immunization and challenge infection

Totally sixty female SD rats (eight-week-old) were divided
into four groups that received either MA, FA, or FAGP an-
tigens, or PBS as a control. The immunization procedure is
modified and referenced concurrently according to the
previous articles.11,24 For the first immunization, each rat
was injected subcutaneously with 1 mg of antigen extract
emulsified in Freund’s complete adjuvant (FCA). Two weeks
later, each rat received a booster injection with 500 mg of
antigen extract emulsified in Freund’s incomplete adjuvant
(FIA). Control rats received two injections of PBS emulsified
first in FCA and then in FIA. Three days after the last im-
munization, each rat received an oral challenge infection
via stomach intubation of 50 active A. cantonensis L3. After
twice immunizing and challenging, three rats of every
group were euthanized and their serum and spleens
collected for detection.

Parasitological techniques

Three rats in each group were euthanized 19 days after the
challenge infection. The brains, hearts, and lungs were
examined at necropsy, and different stages of worms were
collected and their lengths measured carefully. The feces
of other rats were collected every day from the 35th day
after infection, and the numbers of L1 that appeared in the
feces of each rat were carefully monitored until the 50th
day. The harvest and counting for the number of L1 of A.
cantonensis were according to the previous references with
modifying.31,32 Then all rats (N Z 3 in each group) were
euthanized, and their brains, hearts, and lungs were
examined, the numbers and lengths of parasite were
carefully counted and measured.

Cell proliferation assay

The splenocytes collected were analyzed with the Biotrak
cell proliferation ELISA system version 2 (Amersham Phar-
macia Biotech; APB, Piscataway, NJ). The splenocytes were
cultured in 96-well plates (1 � 105 cells/well) with 200 ml
RPMI-1640 culture medium (CM). The cells were stimulated
with 6 mg of antigen or 2 mg of concanavalin A (Con A) and
incubated for 24 h at 37 �C. Next, 20 ml 5-bromo-20-deoxy-
uridine (BrdU) labeling solution were added and cultured
for 6 h. Subsequently, the cells were centrifuged at 2000 g
for 20 min and then dried for 60 min at 60 �C. Each well was
fixed with 200 ml of FixDenat solution for 30 min. After
washing, 100 ml of a 1:100 dilution of a peroxidase-
conjugated mouse anti-BrdU mAb was incubated for
60 min at 37 �C. The substrate solution was added and
stopped 30 min later with 25 ml of 1 M H2SO4. The stimu-
lation index (SI) of each group was calculated as the mean
of the OD450 values from triplicate antigen- or Con A-
treated cultures divided by the mean of the OD450 values
from triplicate CM-treated cultures.

Antibody assay and western blotting

The capability of FAGP and FA antigens to induce specific
antibodies was evaluated by an enzyme-linked immuno-
sorbent assay (ELISA). FAGP or FA antigens were incubated
overnight at 4 �C (20 mg protein/well). After emptied, the
wells were blocked with 0.5% non-fat skim milk for 30 min
at 37 �C. After blocking, a 1:2000 dilution of sera was added
and incubated for 1 h at 37 �C. After four washes, a 1:500
dilution of affinity purified horseradish peroxidase (HRP)-
goat anti-rat IgG was added and incubated for 30 min at
37 �C. Then, each well then received 100 ml of 3-
ethylbenzothiazoline-6-sulphonic acid (ABTS) peroxidase
substrate solution (Zymed, San Francisco, CA). The optical
density was read after 30 min at RT by a Dynatech MR5000
microplate reader (Dynatech, Germantown, MD). Western
blot analysis was conducted to determine the components
of antigens. Aliquots containing 100 mg/ml of the antigens
were resolved by 12% homologous SDSePAGE, and then
electrophoretically transferred to polyvinylidene difluoride
(PVDF, Millipore, Billerica, MA) membranes. Strips of the
membranes were cut and blocked and then incubated with
rat sera for 60 min at 37 �C. After washing, the strips were
incubated with HRP-goat anti-rat IgG (Jackson ImmunoR-
esearch Laboratories, West Grove, PA) for 35 min at 37 �C.
After washing, a tetramethylbenzidine (TMB) substrate so-
lution (Thermo-Fisher Scientific, Waltham, MA) was added
for staining.

In situ antigen localization in the worm

An indirect immunofluorescence assay (IFA) was performed
to evaluate the distribution of these reactive gut antigens.
The adult worms were dehydrated through graded alcohols,
embedded in paraffin, sliced into thin sections, and
mounted onto slides following standard procedures for
paraffin section preparation. The slides were deparaffi-
nized with xylene, fixed with acetone, and incubated with
sera collected from FAGP-immunized rats for 1 h at 37 �C.
After washing, rhodamine-labeled goat anti-rat IgG was
applied to the slides. The slides were incubated in a moist
chamber for 30 min at 37 �C, and then washed with PBS.
One drop of 70% glycerol and a coverslip were then added
to each slide. Finally, the slides were examined with a
fluorescence microscope (Olympus, Tokyo, Japan).

Statistical analysis

Antibody levels were compared by one-way ANOVA using
SPSS 18.0 software (SPSS Inc. Chicago, IL, USA). Other re-
sults were analyzed using two-tailed Student’s t-tests. In all
analyses, p values < 0.05 were considered significant, and
data are expressed as the means � standard deviations
(SD).



Table 1 Protective effects against L5 in the brains and
adult worms in the hearts and pulmonary arteries of rats
immunized with different A. cantonensis antigen
preparations.

Group Worms recovered (mean � SD) % Protection

Male Female Total

L5
MA 3.5 � 2.12* 5 � 0.00* 8.5 69
FA 6.5 � 0.71* 4.5 � 0.71* 11.0 60
FAGP 11.0 � 1.41 12.5 � 0.71* 23.5 15
Challenge 11.5 � 0.71 16 � 2.83 27.5 e

Adults
MA 6.0 � 4.24* 8.5 � 0.71* 14.5 50
FA 6.5 � 3.54* 7.5 � 3.54* 14.0 52
FAGP 12.5 � 3.54 12.5 � 0.71 25.0 14
Challenge 14.0 � 1.41 15.0 � 4.24 29.0 e

Each rat was challenged with 50 L3 (N Z 3 in each group). Tests
of significance (Student’s t-tests) were performed between
each group and the challenge control, *p < 0.05.
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Results

Evaluation of the protective effect of FAGP
immunization

To test the protective effect of FAGP against A. cantonensis
infection, different immunized groups of rats were chal-
lenged with 50 A. cantonensis larvae, and recovered worms
were counted at 19 and 50 days post-infection. Table 1
shows fifth-stage larvae (L5) recovered from the brains
and adult worms recovered from the hearts and lungs of
rats with different antigen immunizations. Compared to the
control group in the challenge infection, significantly less
female L5 were recovered from rats in all three immunized
groups, while there were less male L5 recovered only in the
MA and FA immunized groups (p < 0.05). Worm reduction
rates of 69%, 60%, and 15% were achieved in rats immunized
with MA, FA, and FAGP, respectively. Likewise, reductions
of 50%, 52%, and 14% in adult worms recovered from the
hearts and pulmonary arteries were observed in rats
immunized with MA, FA, and FAGP, respectively. However,
there were significant differences between MA and FA
groups from controls (p < 0.05), while the FAGP immunized
group was not.
Table 2 The lengths of L5 in the brains and adult worms in the h
A. cantonensis antigen preparations.

Group Length of L5 recovered (mm) (mean � SD)

Male Female

MA 5.87 � 0.57 7.59 � 0.42
FA 5.80 � 0.43 7.00 � 0.16
FAGP 5.72 � 0.23 6.99 � 0.30
Challenge 5.78 � 0.52 7.74 � 0.85

Each rat was challenged with 50 L3 (N Z 3 in each group). Student’
control with *p < 0.05 and **p < 0.01.
The lengths of adult worms recovered from rats immu-
nized with antigens prepared from A. cantonensis were
significantly shorter than those of worms recovered from
the control groups (Table 2, p < 0.05). On the contrary, the
differences in the lengths of L5 recovered from the
different groups were not significant. Although the reduc-
tion in the number of worms recovered from rats immu-
nized with FAGP was not as significant as those in rats
immunized with antigens extracted from whole MA or FA,
the adult worms recovered from rats immunized with FAGP
had the shortest lengths among all groups (p < 0.01). Table
3 shows the population dynamics of A. cantonensis L1 from
all immunized rats during the challenge infection. Our data
indicate that the number of L1 recovered from fecal ma-
terial dropped after 45 days post-infection in rats immu-
nized with FA and FAGP (p < 0.05), while there was only a
dramatic and sustained reduction in worms recovered from
45 to 50 days following challenge infection in FAGP-
immunized rats.

Splenocyte proliferative responses in rats following
immunization and infection with A. cantonensis

The proliferations of antigen-stimulated splenocytes from
rats that received different antigens were analyzed, and
the results are shown in Table 4. The SIs of rats immunized
with FA, MA, and FAGP were significantly higher than that of
rats in the control group (p < 0.05). However, rats immu-
nized with FAGP exhibited the highest SI values among all
the antigen-immunized groups, and the SI values gradually
increased with each successive immunization.

Specific antibody responses in rats following
immunization and infection with A. cantonensis

Fig. 1 shows all of the ELISA values of anti-FAGP IgGs
(Fig. 1A) and anti-FA IgGs (Fig. 1B) of sera from rats
immunized with different antigens. Our results show the
ELISA values of sera from MA, FA, and FAGP immunized rats
against either FAGP or FA antigens were both significantly
higher than that of sera from control rats (p < 0.05;
p < 0.001). Furthermore, the IgG antibody responses in rats
immunized with FAGP were higher after one immunization,
but significantly lower after two immunizations than the
respective responses of FA immunized rats (p < 0.05).
Among the sera from different groups, sera collected from
rats immunized twice with antigens prepared from FA
earts and pulmonary arteries of rats immunized with different

Length of adults recovered (mm) (mean � SD)

Male Female

14.81 � 0.40** 19.55 � 0.58*
15.54 � 0.63* 19.38 � 1.02*
14.44 � 0.66** 18.37 � 0.85**
15.82 � 0.50 21.81 � 1.93

s t-tests were performed between each group and the challenge



Table 3 A. cantonensis L1 population dynamics following challenge infection of immunized rats in each group.

Day Challenge MA FA FAGP

<39 0 0 0 0
40 41.8 � 13.2 12.5 � 11.0 3.2 � 1.8 24.7 � 24.7
41 288.3 � 23.7 79.0 � 67.0 465.5 � 324.5 471.4 � 67.1
42 970.7 � 656.1 253.3 � 185.0 924.5 � 652.6 881.9 � 235.3
43 892.0 � 411.9 466.2 � 369.3 604.6 � 286.4 1010.6 � 121.4
44 902.6 � 407.9 105.7 � 14.5 992.3 � 330.8 1071.4 � 618.0
45 961.3 � 378.2 838.2 � 495.8 1546.7 � 1013.3 581.8 � 463.4*
46 1006.0 � 122.0 685.0 � 202.5 337.5 � 212.5* 624.7 � 40.3*
47 1769.4 � 5.0 1404.8 � 365.0 570.0 � 380.0 782.6 � 101.6**
48 1327.5 � 654.2 1251.2 � 148.8 2172.5 � 1303.5 950.6 � 33.4**
49 1357.9 � 355.6 1637.4 � 57.4 624.1 � 37.8* 569.6 � 67.5**
50 3062.7 � 884.4 999.1 � 125.3 2177.2 � 1496.8 586.4 � 24.3**

Student’s t-tests were performed between each group and the challenge control with *p < 0.05 and **p < 0.01 (N Z 3 in each group).
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worms resulted in the highest ELISA values except those
from normal infected rats. However, the responses of anti-
FA IgGs were reached the highest in the sera from rats
immunized twice with FA than others (p < 0.001). Similarly,
the higher anti-FA responses also appeared in sera from rats
immunized twice with FAGP than that immunized with
once.

The somatic extracts of MA and FA worms were found to
be highly complex, each of which consisted of more than 20
different polypeptides with molecular weights varying from
7.4 kDa to more than 205 kDa (Fig. 2). Fig. 2C shows that an
84 kDa protein present in all antigen preparations was
clearly recognized by the immune serum elicited against
FAGP antigens. Polypeptides with molecular weights of 21
and 22 kDa were present in all three antigen preparations
(MA, FA and FAGP), but not in the intestinal membrane
(lane 4, Fig. 2B and C), which may be representative of
antigens present in the gut contents of FA worms.

Reactivity of anti-FAGP antibody from an immune
rat to the A. cantonensis

Strong positive reactions were observed by indirect IFA in
the internal musculature of the body, gut, and reproductive
Table 4 Proliferative responses of splenocytes from rats immu

Group

Stimulatorb Before primary
immunization

MA MA 0.85 � 0.40
Con A 1.71 � 0.13*

FA FA 0.76 � 0.24
Con A 1.90 � 0.14*

FAGP FAGP 0.90 � 0.19
Con A 1.79 � 0.13*

Challenge 0.87 � 0.11

Student’s t-tests were performed between each group and the challe
a SI, stimulation index Z mean OD450 values from triplicate antige

cultures.
b Splenocytes of rats from these groups were stimulated with 6 mg/
tract walls as well as in the lumen of the gut of adult worms
(Fig. 3).

Discussion

Rats immunized with somatic adult worm antigens can
induce acquired immunity against A. cantonensis was pre-
viously demonstrated.11 In the current study, we evaluated
the acquired immunity against A. cantonensis infection
after immunization of rats with FAGP, which was compared
to that in rats immunized with somatic antigens extracted
from MA and FA worms.

Immunizing rats with somatic adult worm antigens
clearly enhanced their resistance to infection by reducing
worm recovery more than 50%. Although worm recovery
was not that dramatically reduced, worm development,
growth and fecundity in FAGP-immunized rats were all
reduced. Immature L5 recovered from the brains and
mature worms recovered from the pulmonary arteries of
rats immunized with FAGP were both stunted. Reduced L1
production by female adults in FAGP-immunized rats also
indicated that the developmental and reproductive activ-
ities of A. cantonensis were suppressed in this group. In-
testinal antigens from H. contortus induced protective
nized with different A. cantonensis antigens preparations.

SIa

Before booster
immunization

Before challenge
infection

1.24 � 0.28* 1.05 � 0.20*
2.08 � 0.08* 1.33 � 0.10*
1.15 � 0.24* 1.19 � 0.18*
2.06 � 0.46* 1.86 � 0.37*
1.05 � 0.13* 1.39 � 0.12*
1.55 � 0.11* 1.64 � 0.15*

nge control with *p < 0.05 (N Z 3 in each group).
n-treated cultures/mean OD450 values from triplicate CM-treated

well of antigen (MA) or 2 mg/well of Con A.



Figure 1. Antibody titers to antigens from (A) gut protein from female adults (FAGP) and (B) female adults (FA) of A. cantonensis
in rat sera determined by ELISA. Normal infection: positive control sera collected from rats 50 days after infection. MA, FA, and
FAGP: sera collected from rats immunized with antigens prepared from male adults, female adults, and gut protein from female
adults, respectively. Control: negative control sera collected from rats immunized with PBS. Light bars indicate one immunization
and dark bars indicate two immunizations. The results are shown as the means � SD from three independent experiments. Number
of samples was 3 in each group. *p < 0.05; **p < 0.01; ***p < 0.001 indicate comparisons to the control group. #p < 0.05; ##p < 0.01;
###p < 0.001 indicate comparisons between the two indicated groups.
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Figure 2. Western blot analyses of antigens prepared from A. cantonensis with sera from rats immunized with antigens prepared
from (A) male adults (MA), (B) female adults (FA), and (C) gut protein from female adults (FAGP). Lanes 1e4, antigens prepared
from MA, FA, FAGP, and gut membrane proteins, respectively. A standard protein marker is shown to the left with molecular
weights of 7.4, 21.0, 30.2, 36.3, 52.2, 84.0, 120.0, and 205.0 kDa (lane M).
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immunity in lambs resulting in a 65% reduction in worm
recovery, 95% inhibition of egg production in the feces of
lambs, and a reduction in worm growth so that recovered
worms were much shorter.24,26,27 The antifertility effects
and impaired worm development of A. cantonensis by FAGP
observed in this study are in agree with these reports on the
H. contortus-lamb system.

Experimental infections of A. cantonensis in athymic,
thymectomized or splenectomized animals are usually
more severe.33 Splenectomized rats exhibited decreased
antibody responses while their cellular immune responses
remained normal, and passive spleen cell transfers to these
rats effectively restored their antibody responses.21 Yong
et al. showed that protective immunity to A. cantonensis
infection was mainly humoral-mediated and could be
passively transferred with immune serum.20 Here we
focused on the proliferative responses of splenocytes from
rats immunized with gut antigens. The SI values indicated
that cell-mediated immune responses may not play a major
role in A. cantonensis elimination, but indeed affected
other factors such as worm growth and L1 production.
Current report showed that A. cantonensis infection can
cause splenic atrophy which is associated with a reduced
proliferation of splenocyte and increased apoptotosis.34 It
may be the reason that proliferative responses of spleno-
cytes were not as significant as the antibody responses
between both the primary immunization and booster.

Other study reported A. cantonensis infection induced
Th2 immune response and the humoral immune responses
play an important role on responding properly to parasite
antigen and exert anti-parasite effects.35 Antibodies from
infected rat sera detected to antigens of various stages



Figure 3. Section of adult A. cantonensis recognized by rhodamine-labeled IgG antibody to gut membrane proteins by indirect
IFA. M: internal musculature of the body. GL: gut lumen. GW: gut wall. RW: reproductive tract wall.
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found to be more sensitive to adult than to larval anti-
gens.36 It was also shown that antibody responses were
most pronounced during the oviposition of female worms
and the time of lifting was consistent with that when L1
appear in the feces.37,38 Our data showed that the anti-
FAGP IgG titers of sera from rats immunized with antigens
prepared from FA worms were the highest, and were even
higher than those from FAGP-immunized rats. In addition,
the anti-FA IgGs were reached the highest from rats
immunized twice with FA, meanwhile, the trend of anti-FA
IgGs in sera from rats immunized with FAGP were also
similar as that. The results may be due to our FA extracted
antigens also contained the constituents of FAGP.

Due to the similar composition, major proteins of the gut
recognized by immune sera were also present in the gut
membrane. An 84 kDa protein within the gut membrane
may play a partial identified role in immune responses
against A. cantonensis development and reproduction,
because of the strong antigenic recognition by anti-FAGP
antibodies observed herein. Vaccine studies with different
gut membrane antigens from H. contortus have demon-
strated their protective effects in lambs, and the most
effective gut antigens generally show protease activity
involved in the digestion of blood meal.26e28,30 This pro-
tective mechanism correlated with antibody immunity may
be due to the inhibition of these enzymes by vaccine-
induced antibodies, or the accumulation of antigeneanti-
body complexes on the intestinal surface that acts as a
barrier to nutrient absorption.30,39 In contrast, larval
establishment is unaffected in sheep immunized with H.
contortus gut membrane proteins, whereas egg output is
severely reduced.27,30,40 These observations are consistent
with the results presented herein for A. cantonensis. In the
indirect IFA, the identified worm bodies by anti-FAGP serum
were mainly found on the intestinal lumen and outer edge
of the gut wall; therefore, we presume effective antigenic
gut proteins may be located in the intestinal membrane
tissues of A. cantonensis.

The present study provides evidence indicating that
immune responses against FAGP may reduce the growth,
development, and reproduction of A. cantonensis. Due to
the similarity in the antigenic composition, major proteins
of the gut membrane recognized by immune sera are likely
present in other kinds of membranes. Therefore, more



628 C.-Y. Lee et al.
work is needed to understand the possibility of using in-
testinal membrane proteins combining with female adult
worm somatic antigens as a multi-function vaccine in pro-
tective immunity against A. cantonensis. We hope that
these data provide a novel strategy for the vaccine devel-
opment aimed at interfering with parasite reproduction and
survival.
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