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Angiostrongylus cantonensis is a zoonotic parasite causing eo-
sinophilic meningitis in humans by ingesting infective larvae 
in snails and slugs of freshwater and terrestrial, paratenic hosts 
(such as freshwater fish, shrimps, frogs, and crabs) or contami-
nated vegetables [1-5]. With the increasing income, improved 
living standards, and the pursuit of exotic and delicate foods, 
angiostrongyliasis is becoming an important foodborne para-
sitic zoonosis distributed almost all over the world [6-10]. The 
diagnosis of human angiostrongyliasis mainly depends on 
both clinical characters and laboratory tests. Definitive diagno-
sis is performed by the isolation of larval or juvenile worms in 
the cerebrospinal fluid (CSF) of infected individuals. However, 
due to the difficulty of obtaining such material, a definitive di-
agnosis usually cannot be carried out. Instead, immunological 
tests are used, because A. cantonensis is seldom found in the 
limited volume of CSF analyzed [11-13]. The serological tests 
are the most widely distributed methods for complementary 
diagnosis of specific antibodies against Angiostrongylus costari-

censis, such as the latex agglutination test and ELISA [14-17]. 
There is no data reported on the sensitivity and specificity of 
the latex test, and low sensitivity and cross-reaction with other 
helminthiases are a big problem of ELISA tests [16,18-20]. 
Nevertheless, the current enzyme immunoassay format is 
time-consuming because of the need for multiple reagent ad-
ditions and long-time washing, incubation steps, and is not 
convenient to be used in large-scale filed investigation and in 
clinical laboratories. 

A more user-friendly, rapid, filtration-based immunogold 
assay is widely applied. Lateral flow immunoassay (LFIA) is a 
rapid, single-step immunochromatographic assay that uses 
colloidal gold as the tracer [21]. In 1990, Beggs [22] first devel-
oped the colloidal gold immunochromatography assay for 
qualitative detection of human chorionic gonadotropin 
(HCG), and this assay has been widely applied to diagnose 
many diseases. Its advantages are rapid, simple, specific, and 
sensitive characteristics. Additionally, this method has also 
been used to detect bioactive molecules, hormones, and hap-
tens [23,24]. With regard to parasite infections, LFIA has been 
successfully and widely used to detect malaria [25,26]. The 
objective of the present study was therefore to establish the 
LFIA method, which was based on the monoclonal antibody 
(mAb) technology, for detecting human angiostrongyliasis. 
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Abstract: Angiostrongyliasis is difficult to be diagnosed for the reason that no ideal method can be used. Serologic tests 
require specific equipment and are not always available in poverty-stricken zone and are time-consuming. A lateral flow 
immunoassay (LFIA) may be useful for angiostrongyliasis control. We established a LFIA for the diagnosis of angiostron-
gyliasis based on 2 monoclonal antibodies (mAbs) against antigens of Angiostrongylus cantonensis adults. The sensitivity 
and specificity were 91.1% and 100% in LFIA, while those of commercial ELISA kit was 97.8% and 86.3%, respectively. 
Youden index was 0.91 in LFIA and 0.84 in commercial ELISA kit. LFIA showed detection limit of 1 ng/ml of A. cantonen-
sis ES antigens. This LFIA was simple, rapid, highly sensitive and specific, which opened an alternative approach for the 
diagnosis of human angiostrongyliasis. 
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LFIA we developed offered a method for specifically, sensitive-
ly, and rapidly detecting human angiostrongyliasis.

Ethical clearance for the collection and examination of hu-
man sera was obtained from the Ethics Committee of the Na-
tional Institute of Parasitic Diseases (NIPD), Chinese Center 
for Disease Control and Prevention (China CDC), China. All 
animals were handled in strict accordance with good animal 
practice according to the Animal Ethics Procedures and Guide-
lines of the People’s Republic of China, and the study was ap-
proved by the Animal Welfare and Ethics Committee of NIPD, 
China CDC (permit no: IPD2012-5). Sera of 80 specific-
pathogen free (SPF) rats and 15 SPF mice infected with A. can-
tonensis were stored at -80˚C until used in our laboratory.

All of those positive sera collected from patients who were 
confirmed either by ‘‘gold standard assays’’ that was pathologi-
cal/parasitological examinations and/or immunological meth-
ods (Supplementary Table S1), or by combination of specific 
clinical symptoms and routine serological methods in accor-
dance with the national criteria for clinical diagnosis of para-
sitic diseases. A total of 90 sera were obtained from patients 
with angiostrongyliasis. Among them, 3 patients were con-
firmed by parasitology (presence of larvae in the cerebrospinal 
fluid) and 87 ones clinically along with a previous history of 
eating raw or undercooked food contaminated with parasites, 

intermediate hosts, or transport hosts of A. cantonensis. The di-
agnosis was made at Diseases Control and Prevention, Shen-
zhen, P. R. China in accordance with the national diagnostic 
criteria of angiostrongyliasis issued by Ministry of Health of P. 
R. China [27]. In this group, eosinophilia (with at least 7% of 
white cell counts in the peripheral blood) and evidence of 
brain image abnormality were observed. There was also high 
specificity in ELISA to the whole A. cantonensis antigen [2,28]. 

All serum samples obtained from Chinese patients infected 
with Clonorchis sinensis, Schistosoma japonicum, and Ascaris lum-
bricoides were diagnosed by parasitological examination, or the 
eggs were detected in feces [29]. Furthermore, there were 30 
serum samples from patients infected with Paragonimus wester-
mani confirmed parasitologically with the eggs detected from 
the sputum or pleural fluid [30]. A total of 20 serum samples 
of patients infected with cysticercus cellulosae (metacestode of 
Taenia solium) were collected from Yunnan province, P. R. Chi-
na. Among them, 12 patients had been confirmed by patho-
logical diagnosis. The others were diagnosed by serological 
methods (using an ELISA kit produced by Combined Biotech 
Company, Shenzhen, Guangdong, P. R. China). All these pa-
tients presented with the symptoms of dizziness, raised intra-
cranial pressure, or emotional disturbance, and a history of 
consuming raw pork. Ten patients infected with Echinococcus 

Table 1. Functionality of lateral flow immunoassay (LFIA) for human angiostrongyliasis in comparison with a commercial ELISA kit  

Sera No. examined Ag positive (%) by LFIA Ab positive (%) by ELISA 

Rats infected with A. cantonensis 80 100 nd
Normal rats 50 0 nd
Mice infected with A. cantonensis 15 100 nd
Normal mice 10 0 nd
Patients of A. cantonensis 90 91.1 97.8
Patients of C. sinensis 50 0 12.0
Patients of S. japonicum 30 0 16.7
Patients of P. westermani 30 0 10.0
Patients of A. lumbricoides 30 0 43.3
Patients of C. cellulosae 20 0 20.0
Patients of E. granulosus 10 0 10.0
Patients of T. gondii 10 0 10.0
Patients of T. spiralis 10 0 30.0
Patients of Spirometra plerocercoids 10 0 20.0
Healthy adults 100 0 0
Sensitivity (%) [95% CI]                                  91.1 [85.2-97.0] 97.8 [94.8-100.0] 
Specificity (%) [95% CI]                                        100.0    86.3 [82.4-90.2]
PPV (%) [95% CI]                                          100.0       68.2 [60.2-76.2]
NPV (%) [95% CI]                                     97.4 [95.6-99.2]   99.2 [98.1-100.0]
Youden’s index                                              0.91         0.84

nd, not determined; CI, confidence interval.
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granulosus larvae were confirmed by parasitology after surgery, 
while the patients infected with Toxoplasma gondii were con-
firmed serologically by using ELISA kits (Combined Biotech 
Company). Serum samples of 10 trichinellosis patients were 
collected from Yunnan province, P. R. China, of which 5 cases 
confirmed pathologically or by finding Trichinella spiralis larvae 
in muscle sections. The remaining 5 cases were diagnosed se-
rologically by using an ELISA kit (Combined Biotech Compa-
ny). Ten serum samples were collected from patients infected 
with Spirometra spp., which were confirmed by surgery (larvae 
of subcutaneous Spirometra spp.) (Table 1; Supplementary Ta-
ble S1). Sera of healthy adult people were collected from the 
serum bank stored at -80˚C in Diseases Control and Preven-
tion, Shenzhen, P. R. China (Table 1). A. cantonensis Shenzhen 
strain has been maintained through SPF rats in our laboratory. 
Rats were orally infected with the third stage larvae (L3) from 
infected Achatina fulica snail, and from the rat lungs, adult 
worms were harvested on the day 33 post-infection. Excretory-
secretory (ES) products of A. cantonensis worms were obtained 
by incubating the adult worms in physiologic saline for 3 days 
at room temperature (RT). 

The mAbs (12D5C12, 21B7B11) against ES antigens of A. 
cantonensis were previously produced in our laboratory [31]. 
The mAb 12D5C12 is IgG1 and mAb 21B7B11 is IgM. These 
mAbs recognized independently epitopes on an ES antigen (98 
kDa) of A. cantonensis adult worms. These mAbs can react with 
eggs, first-stage larvae, and the adults of A. cantonensis, suggest-
ing that different developmental stages of A. cantonensis secrete 
common antigens. 

Immunochromatographic strip was composed of 4 parts, 
including the sample pad, conjugate pad, immobilized nitro-

cellulose membrane, and absorbent pad. The sample pad in-
fluencing migration of the gold nanoparticle-antibody conju-
gate was treated with 50 mmol/L borate buffer (pH 7.4) con-
taining 1% BSA, 0.5% Tween-20, and 0.05% sodium azide. 
Gold nanoparticles were coated with mAb 21B7B11 by a 
method with modifications [32,33]. The coated gold particles 
were added to the glass-fiber conjugate pad and dried at 37˚C 
for 2 hr. The test line (T) was coated with 2.0 mg/ml mAb 
(12D5C12) and the control line (C) with 0.8 mg/ml goat anti-
mouse IgM. Those pretreated 4 parts were stuck on a polyvinyl 
chloride (PVC) plate, cut into 3 mm wide strips and stored dry 
at 4˚C until used. All sera from patients infected with parasites 
or healthy individuals were examined along operation manual 
of the commercial ELISA kit for specific IgG antibody of A. 
cantonensiss. A schematic representation of the immunochro-
matographic test device was shown in Fig. 1. All sera from pa-
tients infected with different parasites and healthy individuals 
were examined by GICA. Briefly, 20 μl serum was dropped 
into the sample pad and incubated at 37˚C for 5-10 min. 

In the detection zone, the goat anti-mouse IgM and mAb 
(12D5C12) were separately stripped onto C or T line, and the 
goat anti-mouse IgM were reacted with the mAb (21B7B11)-
coated colloidal gold particles in the control region for the re-
action, while mAb (12D5C12) were reacted with the A. canto-
nensis antigen bound mAb (21B7B11)-coated colloidal gold 
particles in the test region. A positive result can be judged by 2 
red lines in C and T regions, and a negative result by only a 
single line in C region. The darker the color of the test line is, 
the higher the concentration of the antigen in the sample is. 
The test was invalid if there was no line in both regions or only 
1 line in T region. The ES products of A. cantonensis adult 

Fig. 1. The schematic representation of the immunochromatographic test device. 
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worms were 2-fold diluted to 0.5-8 ng/ml with a pooled se-
rum of health adults. The different concentrations of A. canto-

nensis ES products were detected using the immunoassay strips 
described above. All data were processed and analyzed with 
Microsoft Office Excel 2007. The sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) 
were calculated relative to the ‘gold’ standard parasitological or 
serological results that correlated to each serum sample (Table 
S1). The 95% confidence intervals (95% CI) were determined 
as described previously [30]. Youden index summarizes the 
discriminatory accuracy of a diagnostic test and provides a 
ready-to-use optimal cut-point for the purpose of future diag-
nosis. Youden index was defined [34] as J (t)= sensitivity+ 
specificity–1. Practically, this definition renders a maximum 
value of 1 when a diagnostic test provides a perfect separation 
between 2 populations and a minimum of zero when it classi-
fies no better than chance. It was used to assess the ability of 
the test to discriminate true positives and true negatives.

The specificity and sensitivity of LFIA was 91.1% (95% CI: 
85.2-97.0%) and 100% (95% CI: 100.0%), respectively (Table 
1; Fig. 2). Youden index of LFIA was 0.91 (Table 1). The speci-
ficity and sensitivity of the commercial ELISA kit was 97.8% 
and 86.3% (Table 1), respectively. Youden index of the com-
mercial ELISA kit was 0.84 (Table 1). The assay was completed 
in less than 10 min (5-10 min). The detection limit of LFIA 
was 1 ng/ml of A. cantonensis ES products. The red color inten-
sity of the test line was proportional to the antigen concentra-

tion in the range of 0.5-8 ng/ml. Sera of health adults showed 
no band in the T line (Supplementary Fig. 1S).

Most of the specific methods for angiostrongyliasis diagno-
sis used at present are not satisfied for the shortages of insuffi-
cient sensitivity, specificity, and reproducibility [16,20,35]. Se-
rological surveillance will be useful in determining the infec-
tion status, and it plays an important role in the control of this 
parasitic disease in humans. Compared with other methods 
for diagnosis of A. cantonensis infection, such as the latex test 
and ELISA test, Gan et al. [36] generated an initial non-enzy-
matic, dot immunogold filtration assay (DIGFA) with crude 
antigen preparation which was used to detect specific IgG anti-
bodies against A. cantonensis in infected patients and was 
found to have a diagnostic sensitivity of 91% and specificity of 
98% for human angiostrongyliasis [36]. However, crude anti-
gens may lead to cross reactions with other nematode infec-
tions. Subsequently, a modified rapid dot-immunogold test 
using purified 31 kDa antigen of A. cantonensis to enhance test 
sensitivity has performed well on clinical samples at Siriraj 
Hospital. The test is rapid, easy to perform, and needs no spe-
cial equipment [37]. However, 31 kDa antigen was mainly 
used for antibody detection, which was not able to distinguish 
past infection or current infection. This phenomenon was be-
cause antibodies will persist in the human body after treat-
ment. Using monoclonal antibodies to detect A. cantonensis 
circulating antigen, it can better distinguish past infection or 
current infection, as well as can be applied to better assess-

Fig. 2. Reactivity of LFIA to rat, mice, and human sera. 1-2, Sera of SD rat infected with A. cantonensis and normal rat; 3-4, Sera of SPF 
BALB/c mouse infected with A. cantonensis and normal one; 5-6, Sera of 2 patients infected with A. cantonensis; 7, Serum of a healthy 
adult; 8, Serum of a patient infected with A. lumbricoides.
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ment of therapeutic effects.
Currently, the LFIA assay system demonstrated in this study 

can give a confident analytical performance and can be con-
structed in the laboratory by preparing 2 major components; 
one was the detection mAb labelled with a signal generator, 
such as mAb 21B7B11, and the other was the capture mAb 
which was immobilized on the surfaces of membrane strip, 
such as mAb 12D5C12. The method is more rapid and easier 
to perform than the traditional ELISA assay. The test utilizing 
A. cantonensis mAbs is reliable and reproducible for specific 
immunodiagnosis of human infections with A. cantonensis. 
Thus, it can be applied as an additional routine test for clinical 
diagnostic support and large-scale seroepidemiological studies 
in endemic communities to evaluate its usefulness under field 
conditions. Moreover, the test required no instrumentations, 
and the results can be obtained in only 5-10 min. The con-
structed kits have some benefits, too, such as user friendly for-
mat, very short time to get test results, long shelf life at RT, and 
relatively inexpensive for preparation.

In conclusion, the present study established a LFIA for the 
detection of A. cantonensis circulating antigen in sera of pa-
tients and animals. The established kit and LFIA methods 
should provide a useful detecting approach for clinical diagno-
sis and assessment of chemical treatment effects. 
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Table S1. The diagnoses of 290 patients by the parasitological or serological method   

Patients No. of patients diagnosed by parasitology No. of patients diagnosed by serology Total

Patients of Angiostrongylus cantonensis 3 87 90
Patients of Clonorchis sinensis 50 0 50
Patients of Schistosoma japonicum 30 0 30
Patients of Paragonimus westermani 30 0 30
Patients of Ascaris lumbricoides 30 0 30
Patients of Cysticercus (cellulosae) 12 8 20
Patients of Echinococcus granulosus 10 0 10
Patients of Toxoplasma gondii 0 10 10
Patients of Trchinella spiralis 5 5 10
Patients of Spirometra plerocercoids 10 0 10
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Fig. 1S. Immunochromatographic detection of A. cantonensis. 1-5, 8 ng/ml, 4 ng/ml, 2 ng/ml, 1 ng/ml, and 0.5 ng/ml of A. cantonensis 
ES products; 6, serum of a healthy adult. 


