Chapter 14
Angiostrongylus cantonensis in China

Jie Wei and Zhongdao Wu

Abstract Angiostrongylus cantonensis was first discovered in 1934 by Professor
Chen Xintao and has become an important emerging pathogen causing human
angiostrongyliasis. Rats are permissive host, and mice and human are
non-permissive host. The adult worms live in the right ventricle and pulmonary
arteries of rats. However, worms can’t develop to adult worm and the IV and V
stage worm live in brain of mice and human. Human infect this disease by eating
raw or undercooked snails or slugs, paratenic host such as prawns or contaminated
vegetables, and water that contain the infective larvae. A. cantonensis has spread
from its traditional endemic regions of the Pacific islands and Southeast Asia to the
American continent including the USA, Caribbean islands, and Brazil. During the
past few years, major outbreaks of human angiostrongyliasis have been reported in
mainland China, Taiwan, Thailand, Ecuadorian, French, Germany, India, and
Jamaica. Additionally, sporadic cases in travelers who have returned from endemic
areas have been reported. Thousands of cases of human angiostrongyliasis have
been documented worldwide. The main clinical manifestations of human
angiostrongyliasis are eosinophilic meningitis and ocular angiostrongyliasis. In
adult patients, the common symptoms were headache, neck stiffness, paresthesia,
vomiting, and nausea. The treatment of this disease includes supportive treatment,
corticosteroid therapy, and combined therapy with corticosteroids and
anthelminthics. However, it is pity that some patients have sequela after treated.
Therefore, some new drugs like Chinese herbal medicine have been studied for
therapy angiostrongyliasis. The basic research is very important for better solution
of angiostrongyliasis, so more and more study are in process, which involve
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mechanism of brain inflammation, new drugs finding, protein and gene sequence
and analysis, new diagnosis method exploring, etc. Whatever, persuading people
not to eat raw or undercooked intermediate and paratenic hosts is the most effective
method for prevention and control angiostrongyliasis.
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14.1 Introduction

The nematode Angiostrongylus cantonensis was discovered in the pulmonary
arteries and hearts of domestic rats in Guangzhou (Canton), China, by Chen Xintiao
in 1934 (Chen 1935). A. cantonensis is a metastrongyloid nematode that normally
lives in the right ventricle and pulmonary arteries of rats, and rats are definitive
(permissive) hosts (Bhaibulaya 1975). While many species of rats can carry patent
infections, the Norwegian rat (Rattus norvegicus) and the black rat (Rattus rattus)
are considered the most important definitive hosts. In wild populations of rats,
A. cantonensis infections induce little disease, as expected for an efficient parasite
(Bhaibulaya 1975; Maizels and Yazdanbakhsh 2003; Fernando 2001). Dogs,
humans, horses, Australian native mammals (e.g., possums, macropods,
macrobats), and birds (e.g., Tawny frogmouths), and various zoo animals are
nonpermissive “accidental” hosts that are infected after ingesting third-stage larvae
(L3) in intermediate hosts (molluscs) (Bhaibulaya 1975; Kliks and Palumbo 1992)
or transport hosts (such as planarians, frogs, fish, and crustaceans). In the past ten
years, major outbreaks were reported in endemic regions, especially in mainland
China. So far, more than 2,800 people has been reported to infect A. cantonensis
(Wang et al. 2008). Therefore, angiostrongyliasis is not only endemic disease but
also the severe public health problem and worth paying attention to. Morera and
Céspedes (1970) described Angiostrongylus costaricensis causing an abdominal
eosinophilic ileocolitis as a new human disease. Several cases are asymptomatic or
show light symptoms. However, in cases showing severe symptoms, the disease is
often characterized by acute abdominal pain related to lesions in the ileocolic
region, with presence of intense eosinophilia, eosinophilic infiltration of the intes-
tinal wall, eggs in the submucosa, and nematodes in the mesenteric arteries.
Therefore, the characteristic of angiostrongyliasis induced by A. cantonensis is
eosinophil infiltration in CNS.
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14.2 Finding History of Angiostrongyliasis in China
and Other Countries

Angiostrongylus cantonensis was discovered in the pulmonary arteries and hearts of
domestic rats in Guangzhou (Canton), China, by Chen Xintiao in 1934 (Chen
1935). A. cantonensis is a rat lungworm, which occasionally causes human
angiostrongyliasis with the main clinical manifestation of eosinophilic meningitis.
The first human case of angiostrongyliasis was reported in Taiwan in 1945 (Rosen
et al. 1961). In 1984, He et al. reported the first human case of A. cantonensis
infection in the mainland of China (He et al. 1984). After that, infection cases were
reported continuously. So far, angiostrongyliasis cases were reported in about
10 provinces or cities, involving Guangzhou, Hongkong, Wenzhou, Shanghai,
Beijing, Tianjin, Heilongjiang, Liaoning, Hainan, Yunnan, and Fujian (Wang
et al. 2010). In past decade, some outbreaks of angiostrongyliasis happened in
China. In 2004, China’s Minister of Technology has defined angiostrongyliasis as
emerging infectious disease.

Thailand is one of the major source of human angiostrongyliasis. At least 1,337
cases of human angiostrongyliasis have been reported. The high infective rate
among Thai population is associated with custom of eating raw or undercooked
snails (Plia spp.) with alcohol, which is especially popular among young adult men
(Cross and Chen 2007; Schmutzhard et al. 1988). Since two cases of eosinophil
meningitis induced by A. cantonensis were reported in Hawaii in 1962 (Rosen et al.
1962, 1967), the parasite has been found in the Pacific islands and southeast Asia.
The first case of human angiostrongyliasis in the Caribbean islands was reported in
Cuba in 1973 (Pascual et al. 1981). Some surveys reported increasing numbers of
human A. cantonensis infection in Costa Rica and Jamaica (Slom et al. 2002;
Vazquez et al. 1993; Lindo et al. 2004). There was a group of 23 US travelers
and about half of them occurred eosinophilic meningitis after returning from
Jamaica in 2000 (Slom et al. 2002).

14.3 Biology of Angiostrongyliasis

14.3.1 Life Cycle

As a zoonotic pathogen, A. cantonensis, a rat lungworm, is endemic in south Asia,
the Pacific islands, Australia, and the Caribbean islands. The life cycle of this
nematode involves rats as the definitive host, molluscs as intermediate hosts, and
crustaceans (prawns and land crabs) (Fig. 14.1), predacious land planarians
(flatworms in the genus Platydemus), frogs, and monitor lizards as paratenic
(transfer or transport) hosts. Human beings acquire A. cantonensis after eating
intermediate or paratenic hosts or vegetables that contain the infective larvae (the
third stage) of the worm. Once swallowed, the infective larvae are digested from



218 J. Wei and Z. Wu

lem

Ampullaria gigas Achatina fulica White jade snail

Fig. 14.1 The intermediate hosts of A. cantonensis

those vectors and invade intestinal tissue, causing human enteritis, before passing
through the liver (Yii 1976). Cough, rhinorrhoea, sore throat, malaise, and fever can
develop when the worms move through the lung (Cross 1978). Finally, the larvae
reach the central nervous system in about 2 weeks and cause eosinophilic
meningitis.

The major pathological changes of human angiostrongyliasis occur in the brain
(Eamsobhana and Tungtrongchitr 2005; Chotmongkol et al. 2006; Sonakul 1978).
According to autopsy studies, the external surface and spinal cord are generally
normal, and gross hemorrhage is not commonly seen. Infiltration of lymphocytes,
plasma cells, and eosinophils is commonly reported in the meninges and around
intracerebral vessels (Eamsobhana and Tungtrongchitr 2005; Sonakul 1978).

Cellular infiltration around living worms is not prominent, but dead worms were
usually surrounded by a granuloma, an increase in the number of eosinophils, and
sometimes Charcot—Leyden crystals (Eamsobhana and Tungtrongchitr 2005). The
physical lesions of tracks and micro-cavities caused by movement of the worms can
be found in the brain and even in the spinal cord. The larvae can also move to the
eyes and cause ocular angiostrongyliasis with visual disturbance such as diplopia or
strabismus in many patients (Punyagupta et al. 1975; Sawanyawisuth et al. 20006).

14.3.2 Morphology

A. cantonensis larvae got from lung tissue of P. canaliculata by means of micro-
anatomy usually appeared to be intact. Few refractive granules were observed in
very early stage L1. At early-stage L1, refractive granules began to emerge in the
larval body, and in later-stage L1 and L2, they had increased and even obscured
the expanded gut (Fig. 14.2) (Lv et al. 2009¢c). A clear line emerged at the
esophagus—intestine junction, dividing the larval body into an anterior section
with few refractive granules and a posterior section dense with granules. Later,
just before the second molting, the line blurred, and the amount of refractive
granules decreased (Fig. 14.3) (Lv et al. 2009c). Some big refractive granules
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Fig. 14.2 The image of first-stage larva of A. cantonensis. (a) Very early first-stage larva (L1) of
A. cantonensis recovered from fresh rat feces. The larva moves with a coiled tail (CT). (b) Early L1
of A. cantonensis recovered from P. canaliculata on day 3 postinfection. Unexpanded intestine
(UI) presents strand-like. (¢) Early L1 of A. cantonensis recovered from P. canaliculata on day
5 postinfection. The intestine is subdivided into two segments: expanded intestine (EI) at the
anterior part and unexpanded intestine (UI) at the posterior part. (d) Mid-stage L1 of
A. cantonensis recovered from P. canaliculata on day 7 postinfection. The expanded intestine
(EI) replaces the unexpanded intestine observed at an earlier stage. (e) Late L1 of A. cantonensis
recovered from P. canaliculata on day 11 postinfection. The intestine becomes obscure due to
refractive granules, while the esophagus bulbus (EB) anterior to the esophagus-intestine (EI) line
is clear, with wrinkles (W) appearing at the anterior end. (f) Late L1 of A. cantonensis recovered
from P. canaliculata on day 15 postinfection. The body size has increased approximately to that of
L2. The esophagus—intestine (EI) line is clear due to heterogeneous distribution of refractive
granules
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Fig. 14.3 The second-stage of A. cantonensis. (a) Second-stage larva (L2) of A. cantonensis with
one sheath. The anus cuticle (AC) of L1 is completely molted and presents on the sheath (S). The
esophagus—intestine (EI) line appears clear. (b) L2 of A. cantonensis without sheath. The larval
body is not destroyed, and the esophagus—intestine (EI) line still appears clear. (¢) L2 of
A. cantonensis with expanded knob-like tips (KT) and rod-like structure (RS). The developed
larva shows capability of movement and the esophagus—intestine line has disappeared, whereas the
anus cuticle (AC) of L1 is well presented on the sheath (S)

could still be seen in the posterior section of early-stage L3. Late-stage L3 were
transparent, and the anus, excretory pore, and esophagus—intestine junction could
easily be identified (Fig. 14.4) (Lv et al. 2009¢).

The larvae in the cranial cavity were mainly at the stage of L4 and L5, which
were slender, thread-like roundworm, with a circular mouth in the anterior part. The
heads of both sexes were similar, but the tails were different. The female was
pointed with the vulva in front of the anus, but the male was broad with copulatory
bursa and long spicules. The gastrointestinal tracts and genital tubes were clearly
seen inside the coelomic cavity through the translucence body (Fig. 14.5) (OuYang
et al. 2012). Adult worms were recovered from the cardiopulmonary systems of
rats. These worms had features characteristic of A. cantonensis, including size
(males measured 14—15 mm in length; females 24—-26 mm in length), body shape,
and prominent dark intestine (Fig. 14.6a) (Lindo et al. 2002). The long copulatory
spicules in the male worms measured approximately 1.2 mm (Fig. 14.6b) (Lindo
et al. 2002). The eggs were got from lung of rats after they were infected 8 weeks
(Fig. 14.7) (Gu et al. 2008).

14.4 Molecular Biology of A. cantonensis

It is not incompletely known for the molecular characteristics of A. cantonensis.
The expressed sequence tags (ESTs) of A. cantonensis were analyzed in order to get
more insight to its genomic expression patterns. About 1,277 ESTs of
A. cantonensis in NCBI databases. The result showed that there were 60 ESTs
had no match to any of the proteins and gene sequences in the published databases,
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Fig. 14.4 The third-stage larva of A. cantonensis. (a) Third-stage larva (L3) of A. cantonensis
with two sheaths. The outer one is the first sheath (FS) produced during the first molting, whereas
the inner one is the second sheath (SS) produced during the second molting. (b) Typical L3 of
A. cantonensis with expanded knob-like tips (KT) and rod-like structure (RS), but no sheath.
(c¢) Mature and transparent L3 of A. cantonensis. Clearly visible structures include excretory pore
(EP), esophagus bulbus (EB), intestine (I), and anus (A)

Fig. 14.5 The fourth stage and fifth stage of A. cantonensis from rat and mice brain. Images show
the intracranial larvae obtained from rats. A. cantonensis larva was a kind of thread-like, semi-
transparent nematode with a simple circular mouth (arrowhead) in the anterior part and a tail
(arrow) with a copulatory bursa (male) or a vulva (female)

and 695 ESTs score more than 80. According to the function, the identified
695 ESTs could be grouped into 13 categories related to metabolism, cellular
development, immune evasion, host—parasite interactions, and so on. Among
them, 65 (9.4 %) were proteases and protease inhibitors, represented 19 potential
proteases and protease inhibitors genes; 42 (6.0 %) were allergens or antigens,
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Fig. 14.6 Adult a
A. cantonensis recovered
from rat lungs. (a) Adult
female worm with
characteristic barber-pole
appearance (anterior end of
worm is to the top). Scale
bar = 1 mm. (b) Tail of
adult male, showing
copulatory bursa and long
spicules (arrows). Scale
bar = 85 pm

Fig. 14.7 The eggs of
A. cantonensis

represented 15 potential antigens/allergens genes (Fang et al. 2010). It is also
excepted that the whole genome of A. cantonensis is sequencing by Sun Yat-sen
University. The information substantially expand the available genetic information
about A. cantonensis and should be a significant resource for A. cantonensis gene
research.

In addition, a cDNA library of A. cantonensis fourth-stage larvaec was
constructed, and ~1,200 clones were sequenced. Bioinformatic analyses revealed
378 cDNA clusters, 54.2 % of which matched known genes at a cutoff expectation
value of 1072°, Of these 378 unique cDNAs, 168 contained open-reading frames
encoding proteins containing an average of 238 amino acids. Characterization of
the functions of these encoded proteins by Gene Ontology analysis showed enrich-
ment in proteins with binding and catalytic activity. The observed pattern of
enzymes involved in protein metabolism, lipid metabolism, and glycolysis may
reflect the central nervous system habitat of this pathogen (He et al. 2009).
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There are many genes of A. cantonensis having been cloned and analyzed. They
are cysteine protease inhibitor (Liu et al. 2010), matrix metalloproteinase (Sun
et al. 2012), cathepsin B-like cysteine proteinase (Cheng et al. 2012), protein
disulfide isomerases (Liu et al. 2012), novel gene encoding 16 kDa protein
(Li et al. 2012a), cathepsin B (Han et al. 2011), galectin-10 (Liu et al. 2013), etc.
These work establish the foundation for researching the vaccine against
A. cantonensis and searching drug target of angiostrongylsis.

MicroRNAs (miRNAs) are endogenous, small, noncoding RNAs that play key
roles in gene expression regulation, cellular function and defense, homeostasis, and
pathogenesis. A study term determine and characterize miRNAs of female and male
adults of A. cantonensis by Solexa deep sequencing. A total of 8,861,260 and
10,957,957 high quality reads with 20 and 23 conserved miRNAs were obtained
in females and males, respectively. No new miRNA sequence was found. Nucleo-
tide bias analysis showed that uracil was the prominent nucleotide, particularly at
positions of 1, 10, 14, 17, and 22, approximately at the beginning, middle, and the
end of the conserved miRNAs (Chen et al. 2011c). MicroRNA of A. cantonensis
third- and fourth-stage larvae and the brain microRNA of infected mice have been
sequenced by Sun Yat-sen University. Undoubtedly, these study will establish the
foundation for the research of A. cantonensis molecular biology and angiostron-
gyliasis mechanism.

14.5 Epidemiology

14.5.1 Epidemiology of A. cantonensis Worldwide

Human A. cantonensis infection has evidently increased the public attention world-
wide due to outbreaks and also because more and more sporadic cases are being
reported in Western tourists in recent years. Over 2,800 cases of human angiostron-
gyliasis had been documented in approximately 30 countries (Wang et al. 2008).
However, there are no doubts, many more cases unreported due to lack of aware-
ness of this parasite within the medical community. During 2008-2012, an addi-
tional 120 cases were reported (Table 14.1).

14.5.2 Epidemiology of A. cantonensis in China

China has become one of the major countries where cases of human angiostron-
gyliasis increased significantly in the past decade. Therefore, much more efforts
have been made to investigate the prevalence of A. cantonensis in this country. In
mainland China, the first case of human angiostrongyliasis with eosinophilic
meningitis was reported in 1984 in Guangdong province. Outbreaks of human
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Table 14.1 Cases of human angiostrongyliasis reported science 2008

Regions Cases References

China 100 Chen et al. (2011b), Deng et al. (2011), Lv et al. (2009a),
Zhang et al. (2008)

Thailand 8 Sawanyawisuth and Kitthaweesin (2008), Sinawat et al. (2008)
India 1 Paul and Pammal (2008)

French 1 Malvy et al. (2008)

Germany 1 Luessi et al. (2009)

Jamaica 1 Mattis et al. (2009)

Ecuadorian 8 Dorta-Contreras et al. (2011)

infection with A. cantonensis have been reported with increasing frequency in
mainland China in recent years, possibly caused by the growing popularity of
eating exotic foods such as raw and undercooked snails. One outbreak of human
A. cantonensis infection with 65 cases of eosinophilic meningitis was observed in
Wenzhou, Zhejiang province, in 1997 (Zheng et al. 2001). An outbreak of five
human cases occurred in Liaoning province in 1999 (Lin and Wang 2004) and three
outbreaks with a total of 30 cases were reported in Fujian province in 2002 (Yang
et al. 2004; Ye et al. 2008; Lin et al. 2003). Two outbreaks with 34 human cases
occurred in Yunnan province in 2003 and 2005 (Zhou et al. 2009). Unfortunately,
these outbreaks do not seem to have drawn sufficient public attention to the threat of
this parasite in China, a situation that contributed to a larger outbreak of some
160 cases in Beijing in 2006. The same exposure pattern was also reported in two
outbreaks with a total of 17 human infections in Taiwan in 1998 and 2001 (Tsai
et al. 2001a, b) (Fig. 14.8). From the epidemiological survey, the west-central
region of Guangdong Province in China is the natural focus of A. Cantonensis
and there were 180 positive samples of IgG antibody against A. cantonensisin 1,800
serum samples of the residents, with a positive rate of 10 % (Chen et al. 2011a).
In China, Pomacea canaliculata and Achatina fulica are main vectors for human
infection (Wang et al. 2007). P. canaliculata, native to South America, was
introduced to Taiwan and the mainland of China in the 1980s. P. canaliculata
has replaced the African giant snail, A. fulica, as a major intermediate host and has
become the main source of human infection both in Taiwan and mainland China. A
retrospective study of published prevalence of A. cantonensis in mainland China
revealed that 22 of 32 species of wild mollusk species (69 %) are infected with the
parasite (Lv et al. 2008). Achatina fulica has been recorded with the highest rate and
intensity of infections, followed by slugs (Vaginulus spp.) and Pomacea
canaliculata. The rates and intensities of infections in terrestrial snails and slugs
are higher than in freshwater mollusks. This was confirmed by a recent national
survey conducted in China (Lv et al. 2009b). P. canaliculata and A. fulica were
found in 11 and 6 provinces, respectively. Out of 11,709 P. canaliculata snails
examined, 6.8 % were infected with A. cantonensis. Of 3,549 A. fulica snails
examined, 13.4 % were infected with A. cantonensis. The infection prevalence
among terrestrial snails was 0.3 %. A total of 5,370 terrestrial slugs were dissected,
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7 Lidoning

| Distribution of A. cantonensis
Human angiostrongyliasis outbreaks

Fig. 14.8 The distribution of A. cantonensis and its outbreaks in China. The endemic regions of
A. cantonensis are marked in purple and those with outbreaks of human A. cantonensis are marked
with green triangles (Wang et al. 2012)

revealing an infection prevalence of 6.5 %. The prevalence among the other fresh
water snails was 0.05 %. In Guangdong province, during 2008-2009, specimens
from 510 snails (144 P. canaliculata, 306 A. fulica, and 60 Bradybaena despecta)
were digested with pepsin for isolation of A. cantonensis larvae. Prevalence rates of
A. cantonensis in P. canaliculata, A. fulica, and B. despecta were 8.3 %, 2.0 %, and
5.0 %, respectively (Qu et al. 2011). After that, the followed survey reported that a
total of 795 A. fulica snails and 734 P. canaliculata snails were collected and the
average infection rates of these two species were 13.96 % (111 of 795) and 1.50 %
(11 of 734), respectively, in 2008-2010 (Yang et al. 2012). However, a recent study
demonstrated that P. canaliculata had an average infection rate of 21 %, signifi-
cantly higher than that of A. fulica (10 %) in Shenzhen, Guangdong province
(Zhang et al. 2008). P. canaliculata has replaced A. fulica playing an important
role in the epidemiology of A. cantonensis in recent outbreaks of human angiostron-
gyliasis (Lv et al. 2008).

The retrospective study also revealed that 11 of 15 wild rodent species in
mainland China are infected with A. cantonensis. Rattus norvegicus is the most
frequently identified host with a generally higher prevalence and intensity of
infection compared with other rodents. This was consistent with a national survey
that found 32 of 711 rats infected with A. cantonensis (31 R. norvegicus and
1 R. flavipectus) (Lv et al. 2008). In Guangdong, China, researchers captured
288 rats of seven species (257 R. norvegicus, 13 R. flavipectus, 7 R. Losea,
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6 R. rattus, 3 Bandicota indica, 1 R. rattus alexandrinus, and 1 Mus musculus) and
rats were examined for adult A. cantonensis nematodes in pulmonary arteries and
right heart cavities. The result showed that among the 288 rats examined, 27 (9.4 %)
from three species (25 R. norvegicus, 1 R. losea, and 1 M. Musculus) were infected
with A. cantonensis adults in their cardiopulmonary systems during 2008-2009
(Qu et al. 2011). From 2008 through 2010, a total of 430 rats were captured and
23 rats, from two species, were infected, with an average infection rate of 5.35 %
and the infection rate was calculated to be 9.09 % (20 of 220) for R. norvegicus and
15.00 % (3 of 20) for R. flavipectus, respectively (Yang et al. 2012). Interestingly,
A. cantonensis was also found in nonhuman primate, equine, and canine species.
A. cantonensis was discovered in paratenic host frog species (Hylarana guentheri,
Rana limnocharis, and Rana plancyi) and toads (Bufo melanostictus), but has not
yet been identified in freshwater shrimp, fish, crabs, or planaria in published studies
(Lv et al. 2008). A. cantonensis was not found in any of 652 paratenic hosts
collected during a national survey that included frogs, shrimps, crabs, toads, and
fish (Lv et al. 2009b).

14.6 Clinical Aspects

The term human angiostrongyliasis refers primarily to eosinophilic meningitis/
meningoencephalitis and ocular angiostrongyliasis, which are the major clinical
features of A. cantonensis infection in human beings. However, a rare and
extremely fatal cases were reported (Sawanyawisuth et al. 2009). The incubation
of this disease is highly variable, ranging from 1 day to several months, depending
on the number of parasites involved (Yii et al. 1976; Chen et al. 2006; Zheng
et al. 2001; Punyagupta et al. 1970). In an outbreak in Beijing, China, the incubation
period of 128 (80 %) of 160 patients was 7-35 days (He et al. 2007). In an outbreak
in Wenzhou, Zhejiang, China, clinical symptoms appeared in 40 (62 %) of
65 patients on days 6—15 after infection (Xue et al. 2000).

In adult patients, the common symptoms were headache (95 %), neck stiffness
(46 %), paresthesia (44 %), vomiting (38 %), and nausea (28 %). Headache, mainly
caused by increased intracranial pressure or the direct damage of the larvae, was
intermittent, frequent, and severe at first; after repeated lumbar puncture, it became
less frequent and less severe and eventually resolved (Yii 1976; Punyagupta
et al. 1975). Neck stiffness was usually mild and lasted for a short period. Nuchal
rigidity was less common but has been reported in severe cases (Slom et al. 2002;
Chau et al. 2003). Paresthesia, which usually persisted for less than 2 weeks and
occurred in a variety of anatomical locations (usually in the extremities) was
expressed as pain, numbness, itching, or a sensation of worms crawling under the
skin (Yii 1976). Vomiting and nausea were probably related to increased intracra-
nial pressure and usually disappeared after the first lumbar puncture. Although few
adult patients with visual disturbance or diplopia were reported in China, this
symptom was noted in 184 (38 %) of 484 patients in Thailand and 11 (92 %) of
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12 patients in the USA (Slom et al. 2002; Punyagupta et al. 1975). Thirty-two
percent of adult patients had fever, which was mostly low grade; however, approxi-
mately 10 % of these had high-grade fever ranging from 38 °C to 39 °C (Yii 1976;
Punyagupta et al. 1975). In addition, the clinical features of human ocular
angiostrongyliasis in 35 patients involve visual loss (94.3 %), fundus change
(34.3 %), eye redness and pain (17.1 %), eye floater (8.6 %), and blindness
(5.7 %) (Diao et al. 2011).

In children, stiff neck and paresthesia were less common than in adult patients,
whereas reports of nausea and vomiting were higher. Of 94 (82 %) pediatric
patients with nausea and vomiting, 56 % had projectile vomiting, which usually
disappeared within 1 week (Yii 1976). Additionally, rates of fever, somnolence,
constipation (76 %), and abdominal pain were higher in children than in adults. In
adults or children with heavy infections, coma and death can occur (Yii 1976;
Chotmongkol and Sawanyawisuth 2002). Especially, children have lower immu-
nity than human, the rate of death increased, and the autopsy found adult worm in
pulmonary artery (Li et al. 2001).

14.7 Diagnosis

14.7.1 Parasite Diagnosis

Human angiostrongyliasis is confirmed by detection of A. cantonensis in patients.
However, the detection rate is frequently low (Punyagupta et al. 1975; Yii 1976).
The diagnosis is, therefore, primarily based on clinical symptoms and medical
history. The typical clinical manifestation of human angiostrongyliasis is eosino-
philic meningitis. However, other causes for this clinical presentation must be
considered (Lo and Gluckman 2003). Medical history of eating intermediate or
paratenic hosts of A. cantonensis critical for diagnosis. The detection of eosinophils
and brain lesions are also helpful for diagnosis. Eosinophils account for a large
portion of white cell counts in blood and CSF in A. cantonensis infections (Yii
1976; Tsai et al. 2001a). MRI and CT have been used to detect damage in brain for
differential diagnosis of A. cantonensis from other parasites. After administration of
Gd-DTPA, multiple round or oval contrast-enhanced nodules, diameter ranging
from 3 to 10 mm, were seen on T1WI, and the resolution of lesions in the pia mater
was faster than that in parenchyma of the brain (Fig. 14.9) (Jin et al. 2005; Ogawa
et al. 1998; Hasbun et al. 2001).
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Fig. 14.9 Brain MR
images obtained at 7 weeks
(a—e) and 11 weeks (f) after
ingestion of snails. Some
lesions presented as (a)
hypointense on a
unenhanced axial TIWI
(TR 500 ms; TE ms) and (b)
hyperintense on a transverse
T2WI (TR 4,000 ms; TE
100 ms). (¢) More lesions
were revealed on a
corresponding transverse
FLAIR image

(TR 5,000 ms; TE 110 ms;
TI 2,000 ms). Diffuse
contrast-enhanced round or
oval nodules of different
sizes were shown on (d) a
transverse T1WI

(TR 500 ms; TE 15 ms) and
(e) a sagittal TIWI

(TR 500 ms; TE 15 ms)
after gadolinium
administration. The nodular
lesions mentioned above
disappeared or diminished
on a 5-week (f) follow-up
transverse T1WI

(TR 500 ms; TE 15 ms)
after gadolinium compared
with (d). Note that pia
enhancement (arrow)
shown on (d) completely
resolved in (f)

14.7.2 Immunological Detection

To effectively diagnose and manage A. cantonensis infection, serological tests such
as enzyme-linked immunosorbent assay (ELISA) have been developed to detect the
antigens of or antibodies against A. cantonensis in serum or cerebrospinal fluid. The
detection of circulating antigens in serum or CSF provides a rapid confirmation of
infection. Monoclonal antibodies (mAbs) against parasite-specific antigens detect
circulating antigen with relatively high specificity and reasonably good sensitivity
(Eamsobhana and Yong 2009). Recently, several mAbs against the excretory/
secretory (ES) proteins have been developed (Chen et al. 2010). The mAbs against
an ES protein of 55 kDa have the highest specificity and sensitivity. The detection
rate of antigen in the sera of angiostrongyliasis patients was 100 % and cross-
reactions to normal sera or the sera of patient s with other parasitic infection, such
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as clonochiasis, fasiolopsiasis, ancylostomiasis, anisakiasis, or schistosomiasis
were not found (Huang et al. 2010). In addition, antigens from A. cantonensis can
also be detected in sera by immuno-PCR (Chye et al. 2004). Human antibodies to
A. cantonensis may be generated after infection. Several specific A. cantonensis
antigens such as 29 kD, 31 kD, 32 kD, and 66 kD have been identified for
immunodiagnosis of the presence of such antibodies (Maleewong et al. 2001;
Nuamtanong 1996; Bessarab and Joshua 1997).

14.8 Control

14.8.1 Chemotherapy

Human angiostrongyliasis displays two main forms of clinical presentation: eosin-
ophilic meningitis and ocular angiostrongyliasis. For eosinophilic meningitis,
effective supportive treatments are repeated by lumbar puncture and analgesics
(Punyagupta et al. 1975; Yii 1976). Corticosteroid therapy has been effective in
human angiostrongyliasis. Patients were given a 2-week course of prednisolone
(treatment group), 60 mg/day, and compared with those given placebo (control
group). The results indicated that a 2-week course of prednisolone was beneficial in
relieving headache in patients with eosinophilic meningitis (Chotmongkol
et al. 2000). Anthelminthics, such as albendazole and mebendazole, have been
used to treat this disease at 15 mg/kg/day or identical placebo for 2 weeks in
attempts to more effectively relieve symptoms and reduce their duration. The
mean duration of headache was reduced significantly by using albendazole alone
(Jitpimolmard et al. 2007). The combination of corticosteroids and anthelminthics
has been commonly used for treatment of human angiostrongyliasis. Patients were
given a 2-week course of prednisolone, 60 mg/day, and mebendazole, 10 mg/kg/
day. Treatment for 2 weeks with the combination regimen of prednisolone and
mebendazole is safe and beneficial in relieving headaches in patients with eosino-
philic meningitis (Chotmongkol et al. 2006; Wang et al. 2008). Currently, some
Chinese herbal medicines display efficacy for treating angiostrongyliasis in animal
studies but have not been used in humans (He et al. 2011; Wan and Weng 2004;
Shih et al. 2007; Lai et al. 2008; Lai 2006). Surgery is required to remove worms
from the eyes of patients with ocular angiostrongyliasis.

14.8.2 Prevention

Because of its worldwide distribution, it is impossible to eliminate A. cantonensis
from the environment. However, it is possible to avoid or reduce human infection
by blocking the transmission pathway of this parasite. The simple method is to
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persuade people not to eat raw or undercooked intermediate and paratenic hosts in
endemic regions. Epidemiological surveys indicate that most cases of human
angiostrongyliasis would be avoided in this way. Also some rare cases caused by
eating contaminated vegetables can be avoided by effective washing. However, the
difficulty for prevention is that most people have no or limited know ledge of
the worm and are totally unaware of the danger of consuming it. Therefore, one of
the most effective measures would be the spread of knowledge regarding
A. cantonensis and its potential for damage to the health of the general population,
especially in remote and poor areas of endemic regions. Another approach is
persuading people to abandon their habit of eating raw snails and paratenic hosts.
Travelers heading to endemic regions must know the dangers of eating raw
mollusks and raw vegetables with unknown sources and should avoid these
foods. For physicians in both nonendemic and endemic regions, it is necessary to
be aware of the existence of these worms, their symptoms, and modes of transmis-
sion to suspect and diagnose A. cantonensis infection in humans promptly (Wang
et al. 2012).

14.9 Basic Research

In China, there are some research groups from universities or institutes involving in
basic reaearches about A. cantonensis, such as Sun Yat-sen University and National
institute of parasitic diseases Chinese Center For Disease Control and Prevention
(NIPD). The research topics involves genetics of differential isolated strains,
mechanism of pathogenesis and inflammation induced by the worm, development
of new drugs, molecular biological study (showed in the part of molecular biology
of A. cantonensis), etc.

14.9.1 Different Geographic Strain Study

He Han-jiang et al. study the biology, genetics, and virulence of A. cantonensis
isolated from Guangdong, Fuzhou, Haikou, Hekou, and Wenzhou in China. Phylo-
genetic analysis revealed that the combined CO1 and ND4 mtRNA sequences were
able to distinguish A. cantonensis isolates from these geographical regions.
According to CO1 and ND4 sequences and phylogenetic analysis, there are two
geographical origins probably. One geographical origin includes Guangzhou,
Haikou, and Fuzhou strains, another geographical origin consist of strains from
Wenzhou and Hekou. To compare virulence of A. cantonensis isolates from
Guangzhou, Haikou, and Fuzhou, the rate of death, change of weight, worm
recovery, neurological function points, and leukocyte counts are detected in
infected BALB/c mice. The result showed that the mice infected by L3 from
Guangzhou were not different from Haikou. However, these indexes were lower
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in the mice infected with the worm from Fuzhou region. Therefore, the difference
of virulence in A. cantonensis matched up to genes variation. (This part is not
published.)

14.9.2 Immunity Reaction of Angiostrongyliasis

The study of immunity against Angiostrongylus cantonensis infection is
attempted in animal model. Researches suggest that systemic and local Th2 cyto-
kine responses, especially those involving IL-5, are predominant in A. cantonensis-
nfected mice and that IL-5 is an important cytokine underlying the innate resistance
of the mouse against A. cantonensis (Sugaya et al. 1997). The levels of interleukin
5 (ILS), IL10, and IL13 in the cerebrospinal fluid (CSF) were markedly higher in
30 patients with eosinophilic meningitis associated with angiostrongyliasis
(EOMA) than in the controls (Intapan et al. 2008).CCR3 is a major chemokine
receptor that is abundant on the surface of eosinophils and is responsible for their
activation and chemotaxis. CCR3 recognizes many chemokines, including CCL11,
CCL5 (RANTES), and CCL3 (MIP-1a). Mice received an intraperitoneal injection
of anti-CCR3 monoclonal antibody (mAb) (50 pg) at 10 days postinfection (dpi);
the levels of CCL11 (eotaxin) in the peripheral circulation and the expression of the
Th2-type cytokine interleukin-5 and eosinophil count in the brains were signifi-
cantly reduced (Chuang et al. 2010). Another important cytokine is IL-33. IL-33
protein and ST2L messenger RNA (mRNA) transcripts in the brains were
upregulated during A. cantonensis infection and that both splenocytes and brain
mononuclear cells became IL-33 responsive and produced interleukin 5 and inter-
leukin 13. Furthermore, administration of IL-33 to A.cantonensis-infected mice
enhanced ST2L expression and cytokine production, which indicated that IL-33
produced in the brain may function as an inflammatory mediator in eosinophilic
meningitis induced by A. Cantonensis (Peng et al. 2013).

The types of cells involved in the BBB include astrocyte, microglia, and
endothelial cells. When the worm invade into the brain, BBB is damaged.
A. cantonensis larvae extracts can induce apoptosis of brain astrocytic cells and
brain microvascular endothelial cells and increase the permeability of the BBB
in vitro (Hu et al. 2012). Microglia is considered to be the key immune cell in the
central nervous system like macrophage. Soluble antigen of the fourth larva of
A. cantonensis can induce mice microglia activation and produce IL-5, IL-13, and
eotaxin which are related to eosinophil (Wei et al. 2013).

14.9.3 Development of New Drugs

For improving the effect of therapy for angiostrongyliasis, many new drugs have
been researched. The results showed that the combination of albendazole and
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Fig. 14.10 Scanning electron microscopy images showing results after treatment with edible oil
(a), tribendimidine early treatment (b), tribendimidine late treatment (c), and albendazole treat-
ment (d). Images show larvae, taken from the control group, with clear and regular epidermal folds
(a). The epicuticule of the larvae from tribendimidine early treatment group was damaged and
incomplete (TBD7) (b). The epidermal fold is fuzzy and its structure is not clear on the larvae from
the tribendimidine late treatment group (TBD14) (c). The epidermal fold is clear and regular on
larvae from albendazole-treated mice (d)

baicalein increased the survival time, decreased body weight loss, neurological
dysfunction, leucocyte response, eotaxin concentration, and MMP-9 activity, so the
combination of albendazole and baicalein was more effective than either drug
administered singly (He et al. 2011). In addition, albendazole combined with a
marine fungal extract (m2-9) increased body weight, reduced worm burden,
improved learning ability, memory and action, decreased neurological dysfunction
and leucocyte response in these mice, and m2-9 is a natural product with potentially
significant therapeutic value for angiostrongyliasis and is worthy of further study
(Li et al. 2012b). Tribendimidine, a broad-spectrum anti-helmintic drug developed
in China, is a derivative of amidantel. The study showed that a strong efficacy of
tribendimidine against A. cantonensis and provided suitable alternative treatments
to further explore its potential use in treatment of human angiostrongyliasis. These
drugs also can induce worm surface damage (Fig. 14.10) (Wang et al. 2013).
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