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Abstract. Angiostrongylus cantonensis is an emerging infectious agent caus-
ing eosinophilic meningitis or meningoencephalitis in humans with clinical 
manifestation of severe headache. Molecular genetic studies on classification 
and phylogeny of A. cantonensis in Thailand are limited. This study surveyed 
A. cantonensis larvae prevalence in natural intermediate hosts across Thailand 
and analyzed their phylogenetic relationships. A total of 14,032 freshwater and 
land snails were collected from 19 provinces of Thailand. None of Filopaludina 
sp, Pomacea sp, and Cyclophorus sp were infected with Angiostrongylus larvae, 
whereas Achatina fulica, Cryptozona siamensis, and Megaustenia siamensis col-
lected from Kalasin, Kamphaeng Phet, Phetchabun, Phitsanulok, and Tak 
Provinces were infected, with C. siamensis being the common intermediate 
host. Based on morphology, larvae isolated from 11 samples of these naturally 
infected snails preliminarily were identified as A. cantonensis. Comparison of 
partial nucleotide sequences of cytochrome c oxidase subunit I gene revealed 
that four sequences are identical to A. cantonensis haplotype ac4 from Bangkok 
and the other seven to that of A. cantonensis isolate AC Thai, indicating two 
independent lineages of A. cantonensis in Thailand.
Keywords: Angiostrongylus cantonensis, cytochrome c oxidase subunit I gene, 
phylogeny, snail, Thailand

to the superfamily Metastrongylidae and 
family Angiostrongylidae (Wang et al, 
2008). A. cantonensis was first found in 
Rattus in China (Chen, 1935). At present, 
this worm is globally present, particularly 
in Southeast Asia and the Pacific Islands 
(Eamsobhana, 2006). Its life cycle requires 
gastropods as intermediate hosts and 
rodents as definitive hosts (Eamsobhana, 
2006). Larvae have been found in diverse 

INTRODUCTION

Angiostrongylus cantonensis (rat lung-
worm) is a zoonotic nematode belonging 
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families of mollusk intermediate hosts 
and adult worms reside in pulmonary 
arteries and right ventricle of rodent de-
finitive hosts. 

Humans are an accidental host, in 
whom immature worms are not often 
found in infected organs although over 
2,800 cases of human angiostrongyliasis 
have been recorded from some 30 countries 
(Wang et al, 2008). Nevertheless, A. canto-
nensis is considered as a primary causative 
agent of eosinophilic meningitis or menin-
goencephalitis in humans (Eamsobhana, 
2006). Recently, this worm has been rec-
ognized as being an emerging infectious 
agent in North and South America, being 
found in both natural hosts and humans 
(Maldonado et al, 2010; Thiengo et al, 2010; 
Espírito-Santo et al, 2013; Teem et al, 2013). 
Transmission of A. cantonensis corresponds 
to the dispersal of intermediate and defini-
tive hosts. Invasive snails and rodents are 
implicated in an increase of the distribution 
of A. cantonensis in China (Lv et al, 2011; 
Yang et al, 2013), Japan (Tokiwa et al, 2013) 
and Brazil (Graeff-Teixeira, 2007).

At least four species of the superfam-
ily Metastrongylidae, namely, A. cantonen-
sis, A. malaysiensis, A. siamensis, and Thais-
trongylus harinasuti, have been recorded 
in Thailand (Chen, 1935; Bhaibulaya and 
Cross, 1971; Ohbayashi et al, 1979). Only 
A. cantonensis is the cause of angiostron-
gyliasis in the country, the first being doc-
umented by Khwanmitra et al (1957), and 
since then, over 2,000 cases of human an-
giostrongyliasis have been reported from 
all areas of Thailand, but especially in the 
northeast region of the country where 
snails are commonly eaten (Khwanmi-
tra et al, 1957; Tantibhedyangur, 1963; 
Benjapongse, 1964; Buranasin et al, 1965; 
Chularerk and Suyarnsethakorn, 1965; Jit-
tayasothorn et al, 1965; Punyagupta, 1965; 

Hongladarom and Indarakoses, 1966; 
Tangchai et al, 1967; Bunnag et al, 1969; Pu-
nyagupta et al, 1970; Nitidandhaprabhas  
et al, 1975; Panamonta, 1985; Witoonpanich 
et al, 1991; Laopornpichayanuwat, 2000;  
Sawanyawisuth et al, 2007). 

In view of the number of reported 
cases of human angiostrongyliasis with 
eosinophilic meningitis, surveys of the 
natural hosts of this worm have been con-
ducted. In the early studies, a high preva-
lence (36.4-94.4%) of this rat lungworm in 
Achatina fulica was reported (Harinasuta 
et al, 1965; Setasubun et al, 1968; Pipitgool 
et al, 1997) while a lower prevalence (7.55-
12.38%) was reported from recent studies 
(Tesana et al, 2009; Vitta et al, 2011). Recent-
ly, Cryptozona siamensis was identified as a 
new intermediate host for A. cantonensis in 
Thailand (Vitta et al, 2016). Prevalence of 
A. cantonensis in rodent hosts was reported 
to range from 1.4% to 42.1% from several 
parts of Thailand (Setasubun et al, 1968; 
Namue and Wongsawad, 1997; Pipitgool 
et al, 1997; Vitta et al, 2011). 

Use of molecular genetics in iden-
tification and analysis of phylogenetic 
relationships of A. cantonensis is limited. 
Small subunit (SSU) ribosomal (r)DNA 
has been used for identification of A. 
cantonensis in Japan (Tokiwa et al, 2012). 
However, cytochrome c oxidase subunit 
I (co1) is employed for study of phyloge-
netic relationships among closely related 
species (Jefferies et al, 2009; Eamsobhana 
et al, 2010a; Foronda et al, 2010; Monte 
et al, 2012; Tokiwa et al, 2012; Lee et al, 
2014). Thus, the latter technique was ad-
opted to survey A. cantonensis in natural 
intermediate hosts across Thailand. This 
study provides a basic knowledge of the 
genetic diversity and phylogeny related to 
classification of isolates of A. cantonensis 
in Thailand. 
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MATERIALS AND METHODS

Collection and isolation of An-
giostrongylus from snails

Fresh water snails (Filo-
paludina sp and Pomacea sp) 
and land snails (Achatina fulica, 
Cryptozona siamensis, Cyclopho-
rus spp, Megaustenia siamensis) 
were collected between July 
2012 and January 2014 from 19 
provinces of Thailand (Bueng 
Kan, Chaiyaphum, Chiang 
Mai, Kalasin, Kamphaeng Phet, 
Khon Kaen, Lampang, Lam- 
phun, Maha Sarakham, Mukda-
han, Nakhon Ratchasima, Non-
thaburi, Phetchabun, Phichit, 
Phitsanulok, Phrae, Sukhothai, 
Tak, and Uthai Thani) (Fig 1). 
Snails were identified at genus 
and species levels by external 
shell morphology according to 
Brandt (1974), Upatham et al 
(1983) and Panha (1996). Snails 
were digested with 0.7% pep-
sin solution (Acros Organics, 
Geel, Belgium) for 1-2 hours at 
37°C with shaking. Baermann’s 
technique was used for isolat-
ing infective larvae (3rd stage 
larvae) of A. cantonensis (Vitta  
et al, 2016). In brief, a glass 
funnel joined with a piece of 
rubber tubing was used as the 
Baermann apparatus. A wire 
mesh covered with several lay-
ers of gauze was placed at the 
bottom of the funnel, and with 
the outlet closed, digested snail 
content was poured into the 
funnel until the fluid level made 
contact the wire mesh. In order 
to allow Angiostrongylus larvae 
to migrate into the rubber tub-

Fig 1–Map of snail sampling provinces across Thailand. Snail 
with (-) indicates snail negative and with (+) positive 
for Angiostrongylus larvae. Intensity of Angiostrongylus 
larvae was 1.08 and 0.07 in A. fulica and C. siamensis 
collected from Phetchabun Province, 1.65 and 0.07 in 
A. fulica and C. siamensis from Kalasin Province, 4.33 
and 0.01 in A. fulica and M. siamensis from Tak Province, 
0.07 and 0.005 in A. fulica and C. siamensis collected from 
Phitsanulok Province, and 0.1 and 23 in A. fulica and C. 
siamensis from Kamphaeng Phet Province.   
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ing, the apparatus was left standing for 
30-60 minutes. At the end of this period, 
the rubber tubing was opened allowing 
the fluid containing enriched larvae to 
be released into a petri dish. Larvae were 
collected under a stereomicroscope and 
identified as previously described (Eam-
sobhana, 2006) and stored at -20°C until 
used.  
Amplification and sequencing of A. can-
tonensis cytochrome c oxidase subunit I 
gene (co1)

Genomic DNA from larvae was ex-
tracted as previously described (Vitta et al, 
2016). In brief, 10-50 larvae were put in 5 µl 
of ATL buffer (Qiagen, Hilden, Germany), 
grounded and 45 µl of ATL buffer were 
added. The suspension was vortexed vig-
orously for one minute, kept at -20oC for 
1 hour, and then digested with 15 µl of 10 
mg/ml proteinase K at 65oC overnight and 
at 95oC for 1 hour. The solution was cen-
trifuged at 13,500g for 2 minutes and the 
supernatant was added with 1/10 volume 
of 5 M NaCl followed by 2 volumes of cold 
absolute ethanol and then centrifuged at 
13,500g for 30 minutes. The pellet was 
washed with 100 µl of 70% ethanol, air 
dried, dissolved in 15 µl of distilled water 
and stored at -20oC until used. Primers 
used were CO1_F (5′ TAAAGAAAGAA-
CATAATGAAAATG 3′) and CO1_R (5′ 
TTTTTTGGGCATCCTGAGGTTTAT 3′) 
(Jefferies et al, 2009). PCR was performed 
in 30-µl mixture containing 3 µl of 10X 
buffer, 4.2 µl of 25 mM MgCl2 , 0.6 µl of 200 
mM dNTPs, 1.2 µl of 5 µM each primer, 0.6 
µl of 100 U Taq DNA polymerase (Sigma, 
St Louis, MO), 11.7 µl of distilled water 
and 7.5 µl of DNA template  (Vitta et al, 
2016). Thermocycling was conducted in 
an Applied Biosystems thermal cycler 
(Life Technologies, Carlsbad, CA) as fol-
lows: 94oC for 5 minutes; followed by 30 
cycles of 94oC for 1 minute, 55oC for 30 

seconds, and 72oC for 1 minute; with a 
final heating at 72oC for 5 minutes. Am-
plicons (450 bp) were analyzed by 1.2% 
agarose gel-electrophoresis and ethidium 
bromide-stained bands were visualized 
and photographed under UV light. Am-
plicons were purified using a Gel/PCR 
DNA Fragments Extraction Kit (Geneaid 
Biotech, New Taipei City, Taiwan) and 
sequenced (Macrogen, Seoul, Korea). 
Phylogenetic analysis 

Sequences were edited using SegMa-
nII software (DNASTAR, Madison, WI). 
Sequences of 263-265 bp of Angiostron-
gylus co1 from 11 samples were analyzed 
with ClustalW (Thompson et al, 1994) 
and MEGA ver. 5.0 (Tamura et al, 2011) 
softwares. BLASTN search against known 
Angiostrongylus spp sequences was per-
formed (http://blast.ncbi.nlm.nih.gov/
Blast.cgi). Neighbor joining phylogenetic 
trees were constructed using Kimura-
2-parameter model employing MEGA 
software version 5.05. Bootstrap analysis 
was performed with 1,000 datasets. Se-
quences were deposited with GenBank, 
accession nos. KU934237 - KU934247.

RESULTS

Survey of Angiostrongylus larvae in in-
termediate hosts 

A total of 14,032 fresh water and land 
snails were collected from 19 above men-
tioned provinces in Thailand. Eleven col-
lected samples of snails from Kamphaeng 
Phet, Kalasin, Phetchabun, Phitsanulok, 
and Tak Provinces were positive for Angio-
strongylus larvae (Fig 1). The highest inten-
sity of Angiostrongylus larvae was found 
in Cryptozona siamensis collected from 
Kamphaeng Phet Province. Preliminary 
identification of A. cantonensis 3rd stage 
larvae (Fig 2) was made by morphologi-
cal observation under a light microscope. 
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Molecular identification and phylogeny 
analysis

PCR amplication of co1 from the 11 
putative Angiostrongylus 3rd stage larvae 
generated the expected 450 bp amplicons 
(data not shown). A neighbor joining tree 
constructed from the 11 Angiostrongylus 
sequences together with sequences from 
GenBank database revealed the presence 
of two main branches (Fig 3). Group I 
contained one sequence of A. cantonensis 
isolated from Kamphaeng Phet Province, 
two sequences from Phetchabun Province 
and one sequence from Tak Province, 
and included a sequence belonging to A. 
cantonensis haplotype ac4 from Bangkok 
accession no. AB684368. Group II con-
tained two A. cantonensis sequences from 
Kalasin Province, two from Kamphaeng 
Phet Province, one sequence from Phitsa-
nulok Province, and two sequences from 
Tak Province, and included a sequence 
from Thai A. cantonensis accession no. 
KT186242.

DISCUSSION

Environment in Asian countries is 
suitable for development of A. cantonensis 

intermediate and definitive hosts, such as 
rat, slug and snail. High susceptibility of 
both types of hosts is considered to be an 
important factor in the widespread distri-
bution of A. cantonensis throughout these 
areas. In the present study, A. cantonensis 
larvae were identified positively from ter-
restrial snails Achatina fulica and Cryptozona 
siamensis and, although Angiostrongylus 
larvae morphologically identical to A. can-
tonensis were collected from Megaustenia 
siamensis (a new observation), their low 
numbers precluded positive identifica-
tion from co1 sequence. C. siamensis was 
the most common species for hosting A. 
cantonensis in Thailand. Previous studies 
reported high infection rates of A. canto-
nensis in edible snails from Bangkok and 
several provinces in northeast Thailand: 
90.5% of Achatina fulica, 21.7% of Pila graci-
lis and 20% of P. turbinnis (Harinasuta et 
al, 1965). In a later survey of natural infec-
tions, A. cantonensis in mollusks from vari-
ous parts of Thailand reported incidence 
rate in A. fulica, P. turbinnis and P. gracilis 
of 94.4%, 5.71% and 4.13%, respectively, 
a marked reduction in the two latter spe-
cies (Setasubun et al, 1968). Pipitgool et al  
(1997) also reported the prevalence of  

Fig 2–Third stage larva of A. cantonensis isolated from Cryptozona siamensis collected from Kamphaeng 
Phet Province, Thailand.  It is characterized by two chitinous rods at the anterior end (arrow) 
and a cone-shaped, slightly curved and pointed tail (arrow head) (40x magnification under 
light microscope).
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Fig 3–Neighbor joining tree based on 263-265 bp Angiostrongylus co1 fragment of 11 sequences (bold 
font) from Thailand together with A. cantonensis (regular font) sequences from GenBank da-
tabase. Bootstrap values are based on 1,000 replicates. A. costaricensis and A. vasorum are used 
as out-group. AF, Achatina fulica; CS, Cryptozona siamensis. 

A. cantonensis in Pila polita and A. fulica to 
be 0.9% and 36.4%, respectively, whereas 
that of P. ampullacea was negative for larval 
infection. Tesana et al (2009) reported most 
of collected snails have low or no infection 
but a few snails a high infectivity of Pila 
polita. This is consistent with our findings 
that none of Filopaludina sp, Pomacea sp  
and Cyclophorus spp were infected with 
A. cantonensis.  

In this study, A. cantonensis was di-
vided into two groups based on partial 
co1 sequence. This may be due to mul-
tiple origins of A. cantonensis introduced 
into Thailand via human transportation. 
Studies have shown multiple lineages of 
A. cantonensis across the Pacific region 
(Monte et al, 2012; Tokiwa et al, 2012). In 
addition to co1, other genetic markers em-
ployed in A. cantonensis classification and 
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phylogeny have included a 66 kDa protein 
gene (Eamsobhana et al, 2010b), internal 
transcribed spacers (Jefferies et al, 2009; 
Foronda et al, 2010; Liu et al, 2011; Lee et al,  
2014), small subunit ribosomal DNA 
(Fontanilla and Wade, 2008; Eamsob-
hana et al, 2015), and cytochrome b gene 
(Dusitsittipon et al, 2015; Yong et al, 2015). 
However, co1 is considered as one of the 
more powerful markers for differentiating 
closely related Angiostrongylus species and 
has proven useful in the study of phylo-
genetic relationships among A. cantonensis 
strains (Eamsobhana et al, 2010a; Monte  
et al, 2012; Tokiwa et al, 2012).  

In summary, A. cantonensis from 
natural intermediate hosts, the terrestrial 
snails, A. fulica and C. siamensis, were 
found at low infection levels in diverse 
areas of Thailand. In addition, molecular 
phylogeny revealed two independent 
origins of A. cantonensis in Thailand. 
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