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Abstract Snails are good source of protein and one of the
delicacies in majority of the areas in the Philippines.
However, they may act as an intermediate host for several
parasites such as Angiostrongylus cantonensis. This para-
site is commonly found in South East Asia especially in
agricultural countries like the Philippines. Hence, the pre-
sent study aims to determine the prevalence of A. canto-
nensis in their intermediate host in Village Bagong Sikat,
which is situated at the rice granary of the Philippines. A
total of 947 snails were randomly collected within
50 m x 50 m transect line through handpicked method.
The third larvae (L3) stage from the snails was recovered
through artificial tissue digestion. Results showed that 173
out of 947 snails (18.27%) were found positive with A.
cantonensis L3 larvae. Three species of snails were
recovered having Melanoides tuberculata to have the
highest prevalence of A. cantonensis (21.54%) followed by
Pomacea canaliculata (17.75%) and Vivipara angularis
(17.74%). Statistical analysis further showed that preva-
lence of A. cantonensis and the length of snails has no
significant difference (p > 0.05). The species of snails
collected and found infected in the present study are con-
sidered part of the delicacies of the locals in Nueva Ecija.
Thus, these results highlight the need to raise awareness of

X< Jerico R. Cawas
jericocawas0@gmail.com

Department of Mathematics and Natural Sciences, College of
Arts and Sciences, Southern Luzon State University, Lucban,
Quezon, Philippines

Department of Environmental Sciences, College of Arts and
Sciences, Central Luzon State University,
Science City of Mufioz, Nueva Ecija, Philippines

@ Springer

the locals regarding the zoonotic potential of A. canto-
nensis, which are of public health importance.

Keywords Definitive hosts - Eosinophilic meningitis -
Nematode - Artificial tissue digestion - Occurence

Introduction

Rat lungworm, Angiostrongylus cantonensis, is a zoonotic
and parasitic nematode thriving in the pulmonary arteries
of rats. This was first detected in China and over the past
10 years, its occurrences have been reported that it is
endemic to Southeast Asia and the Pacific islands (Pien and
Pien 1999; Lv et al. 2009). A. cantonensis’ life cycle
involves rodents as a definitive host and different species of
gastropods as intermediate hosts (Tunholi-Alves et al.
2012; Stockdale-Walden et al. 2015). However, since
humans are not a natural host of A. cantonensis, this may
cause eosinophilic meningitis and central nervous system
angiostrongyliasis if these are accidentally ingested. Clin-
ical manifestation of this disease includes mild to severe
headache, neck stiffness, and meningoencephalitis with
permanent neurological injury or even death (Pien and Pien
1999; Luessi et al. 2009; Tujan et al. 2016; Dard et al.
2017).

Occurrence of A. cantonensis was observed in rats and
some species of snails in the rice granary of the Philip-
pines, Nueva Ecija, specifically at the town of Mufioz
(Tujan et al. 2016; Castillo and Paller 2018). However,
occurrence of A. cantonensis in different species of snails
were not yet determined in the previous studies, particu-
larly in Village Bagong Sikat, Mufioz, Nueva Ecija. It is
significant to present stronger evidence regarding the
presence of Angiostrongylus cantonensis in these possible
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intermediate hosts since most of the residents of the com-
munity make these hosts as their food for delicacy. In
addition, A. cantonensis was considered as one of the
“neglected pathogens” due to the absence of awareness of
the society about it (Dalton et al. 2017). Hence, this study
was conducted to determine the prevalence of An-
giostrongylus cantonensis in every species of snails that
were collected in Village Bagong Sikat, Mufioz, Nueva
Ecija.

Materials and methods
Ethical considerations

Prior to the conduct of the study, the protocol was approved
by the research ethical panel of the Institute with accor-
dance with Administrative Order No. 40 series of 1999
otherwise known as “Rules and Regulations on the Con-
duct of Scientific Procedures Using Animals” pursuant to
Republic Act no. 8485 otherwise known as the “Animal
Welfare Act of 1998” and “R.A 9147 or the Wildlife
Resource Conservation and Protection Act of 2001”. The
survey component of this study was conducted with
informed consent from the selected residents of Village
Bagong Sikat as respondents, as well as proper consent
from the Local Municipal Office. All information obtained
during the survey was provided by the respondents vol-
untarily. Only the information relevant to the study was
presented.

Collection of snails

Snails were collected randomly through handpicked
method from the surface of the soil and vegetative areas of
Village Bagong Sikat Science City of Muiioz, Nueva Ecija
along 50 m x 50 m transect lines for 6 weeks (June—July
2018). The collected samples were transported to the lab-
oratory of CAS-Central Luzon State University, Science
City of Muiioz for dissection, preservation and processing.
Before the snails were processed, the length (cm) of each
snails was measured using Vernier caliper and categorized
based on their sizes using frequency distribution. Samples
from each species were transferred in a vial with 30 ml of
70% ethanol and it was identified through its external
morphologies (Igbinosa et al. 2016).

Snail processing for artificial tissue digestion

The animal tissue was slowly removed from the shell using
needle nose pliers and it was chopped into small pieces for
about 1-22 mm. It was subjected to tissue digestion con-
taining pepsin solution (1000 ml of distilled water, 1 ml

HCI and 1 g pepsin) with 400 rpm at 37 °C for 30 min to
1 h (Castillo and Paller 2018). The digested tissue was
filtered using a strainer and the filtrate was placed in clean
test tube. It was vortexed for 2 min then centrifuged for
10 min at 300400 rpm. The distinct characteristics of A.
cantonensis such as filiform body, tapering and transparent
smooth rounded head were observed under compound light
microscope.

Survey on knowledge and practices of locals
on parasites from snails

The knowledge and practices of locals were documented
through an interview with the head of each household.
Meanwhile, the number of locals interviewed was com-
puted using Slovin’s formula wherein 165 household
numbers were obtained.

Statistical analysis

Prevalence of A. cantonensis were computed by

infected hosts per species
Examined hosts

Prevalence (%) = x 100%

The correlation of the length of the snails with the
prevalence of A. cantonensis was determined using Pearson
correlation coefficient through SPSS software. In addition,
the risk factors associated for the transmission of this
zoonotic parasite were determined through frequency
distribution.

Results

A total of 947 snail samples were collected from the three
sampling sites in Village Bagong Sikat, Science City of
Muiioz, Nueva Ecija which corresponds to a total of three
(3) species of snails namely: Pomacea canaliculata, Vivi-
para angularis and Melanoides tuberculata.

Prevalence of Angiostrongylus cantonensis

A total of 173 snails out of 947 (18.27%) were found to be
infected with Angiostrongylus cantonensis larva. In addi-
tion, distinct characteristics of A. cantonensis were
observed (Fig. 1). Meanwhile, it was recorded that Me-
lanoides tuberculata had the highest prevalence of 21.54%
followed by Pomacea canaliculata with 17.75% and
Vivipara angularis with 17.74% (Table 1). Furthermore, it
was noted in the current study that Pomacea canaliculata
were obtained in all Zones of Barangay Bagong Sikat. The
highest prevalence of A. cantonensis larvae of P. canalic-
ulata was recorded in Zone Matulungin having 30.16%,
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Fig. 1 Morphology of A.
cantonensis a tapering posterior
tail (violet arrow) with small
protruding (red arrow),

b gelatinous body with
refractive granules (blue arrow),
¢ male developing copulatory
bursa (green arrow) with
intestinal wall (gray arrow), d,
e female, filiform and
cylindrical shape of head

f whole larvae (color

figure online)

Table 1 Prevalence of Angiostrongylus cantonensis among different species of snails in three zones of Barangay Bagong Sikat, Muifioz, Nueva

Ecija
Species Number of infected snails per sampling sites (percentage) Total (%)
Site 1 Site 2 Site 3
Zone Maligaya Zone Matulungin Zone Masagana
Melanoides tuberculata - - 28/130 (21.54%) 21.54
Pomacea canaliculata 17/150 (11.33%) 38/126 (30.16%) 16/124 (12.90%) 17.75
Vivipara angularis 54/237 (22.78%) - 20/180 (11.11%) 17.74
Total prevalence in all species of snails 18.27

followed by Zone Masagana (12.90%) and Zone Maligaya
(11.33%). On the other hand, V. angularis were only
recovered in two zones. The highest prevalence of A.
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cantonensis in V. angularis was in Zone Maligaya
(22.78%) while lower prevalence (11.11%) was recorded
on Zone Masagana. M. tuberculata was only obtained from
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the irrigational canal of Zone Masagana with a prevalence
of 21.54% A. cantonensis infection.

Correlation between the length of the snail
and the prevalence of Angiostrongylus cantonensis

Results showed that the prevalence of A. cantonensis is
differently correlated in each species. The length of V.
angularis which ranges from 0.6 cm—2.4 cm, showed a
strong linear correlation (r* = 0.616486, p > 0.05) to the
prevalence of A. cantonensis (Fig. 2); P. canaliculata
which ranges from 1.4 to 3.8 cm showed a very weak
correlation (r* = 0.186579, p > 0.05) (Fig. 3); M. tuber-
culata which ranges from 1.75 to 5.35 cm, showed mod-
erate correlation (r2 = 0.51567, p > 0.05) to the prevalence
of A. cantonensis (Fig. 4).

Although the highest prevalence of A. cantonensis in all
of the species of snails were observed in the larger group,
statistical analysis showed that there was no significant
difference between the length of the snails to the preva-
lence of A. cantonensis (p > 0.05). This implies that there
could have been other factors that may have contributed to
A. cantonensis infection aside from the size of snails.

Risk factors associated for zoonotic transmission

It was showed that 65.91% of the respondents eat snails
due to its availability and since it is easy to collect in the
fields. Moreover, it was found that respondents from resi-
dential areas do not eat snails, but those families who are
living near or within agricultural areas do. The results also
showed that males (51.85%) consume snails than women
(48.15%). These findings were also supported by the
assessment of the different status of household member
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Fig. 2 Correlation between the length of V. angularis to the
prevalence of A. cantonensis. *p value: not significant. Zone
Maligaya—p value: 0.117; Zone Masagana—p value: 0.165

391
40
N 35.48

i 1>=0.186579, p > 0.05 7

30 2676
o i +
T B 2128
£y 186 o
= ©
£ 124
A ® 528 718

10 .

°
0
0 12-16 1720 2124 23528 2932 3335 3640

Snail Size (em)

Fig. 3 Correlation between the length of Pomacea canaliculata to
the prevalence of A. cantonensis. *p value: not significant. Zone
Maligaya—p value: 0.757; Zone Masagana—p value: 0.513; Zone
Matulungin—p value: 0.806
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Fig. 4 Correlation between the length of Melanoides tuberculata to
the prevalence of A. cantonensis. *p value: not significant. Zone
Masagana—p value: 0.236

whereas the manly jobs such as vendor, construction
worker and carpenter obtained the highest percentage of
eating snails (41.30%) followed by students (26.19%) and
housewives (16.17%) (Table 2). It was also noted that they
eat mostly M. tuberculata (49.83%) followed by V. angu-
laris (43.05%) and P. canaliculata (7.12%).

Meanwhile, 61 (7.58%) household members eat rodent
meat, which is a definitive host of A. cantonensis and 5
households (3.03%) eat raw or fresh “kinilaw” snails.
Household members also prefer to eat undercooked veg-
etables (63.03%) and the major sources of drinking water
on three Zones are mineral water (47.30%) and steam
pump (41.22%). For the practices of locals, 132 households
were eating using with their hands (80%); most locals used
their hands three (3) to five (5) times per week (48.48%).
As for the awareness of inhabitants in different zoonotic
parasites, it was revealed that there are no household
members who are aware of these parasites however, 10
(6.06%) out of 165 households stated that snails can be a
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Table 2 Risk factors associated for zoonotic transmission

Table 2 continued

Variables Frequency Percentage Variables Frequency Percentage
Eating snails? Feeding etiquette
Yes 375 6591 By hand 132 80
No 194 34.09 Spoon and fork 33 20
=569 N = 165
Sex of household members who eat snail How many times in a week you used your hand for eating?
Male 295 51.85 1-2 per week 42 31.82
Female 274 48.15 3-5 per week 61 48.48
=569 6-7 per week 29 21.97
Work of family members who eat snails N =132
Farm labourer 24 4.22 Awareness
Farmer 2 0.35 Bacteria 10 6.06
Housewife 92 16.17 Zoonotic parasites 0 0
Student 149 26.19 None 155 93.94
Teacher 8 1.41 N =165
Driver 42 7.38
Other works 235 41.30
Non-students/retired 17 2.99 possible source of bacteria such as Escherichia coli
N =569 (Table 2).
Types of snails they eat
Leddeg (Vivipara angularis) 127 43.05
Golden apple snail (Pomacea canaliculata) 21 7.12 Discussions
Susong pilipit (Melanoides tuberculata) 147 49.83
N =295 Prevalence of Angiostrongylus cantonensis
Eating fresh and raw snails?
Yes 5 3.03 The obtained intermediate hosts which thrive in the agri-
No 160 96.97 cultural areas of Village Bagong Sikat were positive for the
N = 165 infection of A. cantonensis. The definitive host, rats, which
Other hosts of A. cantonensis that they eat are dominant in rice farm villages may pose as key drivers
Clam 155 19.25 for the transmission of A. cantonensis to its intermediate
Shrimp 152 18.88 hosts (Tujan et al. 2016; Castillo and Paller 2018).
Crab 148 18.39 Egg masses of P. canaliculata attached to the vegetation
Frog 144 17.89 were highly observed on Zone Matulungin (Site 2) and
Fish 145 18.01 they have high feeding rate during their reproductive stage
Rat 61 758 (Brito and Joshi 2016). In line with this, P. canaliculata are
= 805 more prone for the infection of A. cantonensis which may
Do you prefer undercooked vegetables? accidentally harbored thrgugh scrapmg.. Meanwhlle, no egg
Yes 104 63.03 masses were observed in Zone Maligaya (Site 1) and
No 61 3 6.97 Masagana (Site 3) and it also have cultivated farm which
N < 165 ' are not a perfect habitat for the definitive hosts because of
o - lack of food resources. Castillo and Paller (2018) stated
Sources of drinking water .. .
that several definitive hosts such as Rattus norvegicus
Well 1 0.68
(house rat) were not commonly found on rural areas due to
Water pump 61 41.22 . . . .
cultivation, where mean intensity is much higher compared
Mineral 70 47.30 . . .
to Rattus tanezumi (field rat); species commonly found in
Faucet 16 10.80 .
agricultural areas..
N =148

@ Springer

Evidently, high prevalence of V. angularis was recorded
on Zone Maligaya (Site 1) due to the ambient temperature
in the creek. This result is supported by the study of Dias
and Lima (2011) and Mozzer et al. (2014), wherein they
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stated that the third stage larvae of Angiostrongylus sp.
have higher survival rate and better developmental time in
lower temperature resulting on increasing of potential for
the transmission of larvae to its hosts. Moreover, Schug
et al. (2018) recorded several cases of Angiostrongylus sp.
during autumn and winter months in Germany.

On other hand, high temperature in the creek of Zone
Masagana (Site 3) was observed. Viability of Metas-
tongyloidea larvae such as A. cantonensis greatly reduced
as the temperature increases because its metabolic rate was
greatly affected (Dias and Lima 2011). Unlike on Zone
Maligaya (Site 1), competition was observed which results
to less susceptibility for parasitic infection due to the
limitation in food resources. Tujan et al. (2016) found that
the collected V. angularis Muifioz, Nueva Ecija was nega-
tive A. cantonensis larvae. Hence, this is the first report of
A. cantonensis larvae infection in V. angularis in the
Philippines.

M. tuberculata are the dominant species in the irriga-
tional canal of Zone Masagana (Site 3) resulting for the
greater resources than other species of snails. M. tubercu-
lata is considered as competitively superior k-adapted
species and takes over a wider area than in native species of
snails through interspecific competition (Hamalainen and
Jarvinenen 2012; Raw et al. 2016). For this reason, greater
resources may increase the chances of infection.

Correlation between the length of the snail
and the prevalence of Angiostrongylus cantonensis

Results showed that the prevalence of A. cantonensis in all
species of each snails tend to be higher in a larger sizes.
Ibrahim (2007) and Martin and Cabrera (2018) stressed that
larger hosts provide more space and resources and may
accumulate infection on their young stage, thus increasing
larger populations of parasite. But then again, larger-older
snails may have been exposed to more larvae. This was
supported by the study of Minchella (1985) in which large
snails is older within a given population. Parasite infections
were directly proportional to increase with age since they
have a greater chance of infection because of their greater
contact with parasites during their lifetime (Graham 2003;
Ibrahim 2007; Castillo and Paller 2018).

Statistical analysis, on the other hand, showed that there
was no significant difference between the lengths of the
snails to the prevalence of A. cantonensis (p > 0.05) which
suggest that there could have been other factors such as
weight and age that may have contributed to A. cantonensis
infection aside from the size of snails. In coherence with
the study of Oliveira et al. (2015), they state that there was
no significant correlation between the snail size and
prevalence of A. cantonensis.

Risk factors associated for zoonotic transmission

Results showed that males obtained a higher percentage in
terms of snail consumption since they occasionally eat this
with alcoholic drinks. Meanwhile, most of locals prefer to
eat snails (raw or cooked) and undercooked vegetables.
One of the major causes of Angiostrongyliasis all over the
world was due from ingesting of uncooked hosts such as
shrimps, crabs and frogs and under- or poorly cooked
contaminated vegetables and water (Simoes et al. 2016;
Nguyen et al. 2017). On the other hand, eating rodent meat
is a huge threat for the possible transmission of A. canto-
nensis to human since in the study of Castillo and Paller
(2018) on the neighbouring Villages of Bagong Sikat,
100% prevalence was observed on different definitive host
of A. cantonensis. The most vital pathways of infections
are those definitive and intermediate hosts which might
carry large parasite loads (Cowie 2013). Moreover, almost
half of the respondents use steam pump as their source of
drinking water. Since they live in agricultural areas, a
possible transmission of A. cantonensis from the water of
steam pump to human is a serious risk factor especially if
they do not regularly clean this underground water because
A. cantonensis can survive in water for 72 h (Cowie 2013).

In connection, there could be a high chance for the
transmission of zoonotic parasites of snails such as A.
cantonensis because majority of household member use
bear hands in eating. The biggest threat for the transmis-
sion of this parasite is through hand to mouth after han-
dling infected hosts (Cowie 2013) and other outdoor
activities (Kramer et al. 2018) related to farming. Lack of
awareness regarding A. cantonensis was also highly
observed. Hence, human awareness is essential to estab-
lish in order to control the transmission of this zoonotic
parasite since some antihelminthic drugs such as albenda-
zole for eosinophilic mengitis is still debated (Gederen
2010).

Summary and conclusion

In conclusion, the result of the current study has public
health significance since survey revealed that the species of
intermediate hosts, which were found positive with An-
giostrongylus cantonensis infection, are part of the delicacy
of the locals. Thus, authorities such as the local municipal
health officers may help in spreading the knowledge about
this zoonotic parasites and proper cooking of snails to
minimize the chance of infection of this parasite. In addi-
tion, suitable handling of different intermediate host and
vegetables that may get contaminated should be practiced.
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Recommendation

The following recommendations are given based from the
findings: (1) determine the prevalence of A. cantonensis
during wet and dry season. (2) Take the locals under
serological examination with the help of licensed health
officers to know if there is any case of Angiostrongyliasis
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