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Abstract Schistosomiasis is a parasitic disease caused by

blood flukes of the genus Schistosoma and involves bovi-

nes and snails as a reservoir and intermediate hosts,

respectively. This disease is endemic in Lake Mainit,

Philippines, as early as 1947. The study was conducted to

determine the prevalence of Schistosoma infection in

ricefields adjacent to Lake Mainit by collecting Oncome-

lania hupensis quadrasi snails and bovine fecal samples

which are then subjected to laboratory examination and

analysis. A total of 345 O. quadrasi individuals and 32

bovine fecal samples were collected from six barangay rice

field stations adjacent to Lake Mainit from February and

July 2020. Among the six barangays, Alipao had the

highest prevalence of Schistosoma in O. quadrasi

(39.71%), followed by San Isidro (28.3%), Matin-ao

(18%), Poblacion (15%), and Magpayang (2.5%). No On-

comelania snails were collected in the ricefields of Cuyago.

Schistosoma japonicum had an overall prevalence of

14.71% in all the bovines sampled, where Cuyago had the

highest prevalence (50.0%) followed by Alipao (33.33%).

The intensity of infection of Schistosoma eggs per gram

(MPEG = 0.70) among bovines is categorized as light.

Bovine contamination index calculations revealed that, on

average, infected bovines in Lake Mainit excrete *
55,000 S. japonicum eggs per day. The study confirms the

important role of bovines as a reservoir host for schisto-

somiasis. The presence of both infected bovines and O.

quadrasi in ricefields makes this agricultural venue an

important nidus of S. japonicum emergence in Lake Mainit.

An integrated approach of mass drug administration

(MDA) of praziquantel, implementation of a bovine vac-

cine-directed control program, and providing farmers with

mechanized farm equipment are highly recommended to

minimize the risk of exposure and infection to schistoso-

miasis in rice fields adjacent to the lake.

Keywords Bovines � Schistosomiasis � Lake Mainit �
Prevalence

Introduction

Schistosomiasis is a disease caused by trematode parasites

of the genus Schistosoma. Schistosoma japonicum uses

snails, primarily Oncomelania hupensis quadrasi, as an

intermediate host for the disease affecting 78 countries

including the Philippines (Carabin 2005; Leonardo et al.

2016). More than 220 million people are estimated to be

infected by this disease, predominantly in low-income and

middle-income countries (Colley et al. 2014). Bovines

have been identified as the primary reservoir host of S.

japonicum infection in China (McManus et al. 2011; Gray

et al. 2009a) as infected water buffaloes and cattle could

excrete up to 60 kg of stool per individual (Gray et al.

2009b). Early epidemiologic surveys conducted in 50 vil-

lages in Samar, Philippines have indicated that water buf-

faloes (carabao) are unimportant in transmission

(Fernandez et al. 2007; Riley et al. 2008) perhaps due to

uncertain species-specific test characteristics of the diag-

nostic method used. However, a high prevalence of S.

japonicum in the carabao from Samar Province was

reported using a validated real-time PCR (qPCR) and the
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formalin-ethyl acetate sedimentation (FEA-SD) technique

(Gordon et al. 2012).

Lake Mainit is the fourth largest and the deepest lake in

the Philippines adjoining almost equally the two provinces,

namely Agusan del Norte and Surigao del Norte (Cassion

et al. 2013; Jumawan et al. 2016). The lake is recognized as

one of the key biodiversity areas in the country having

sheltering threatened wildlife (Demetillo et al. 2016). Rice

fields are strategically situated near the lake’s shorelines

and are often extensively flooded during rainy months. The

most common livelihood practices observed in areas sur-

rounding the lake mainly involve farming, fishing, live-

stock, and poultry production, mainly of native ducks

(Cassion et al. 2013; Abao-Paylangco et al. 2019). Reports

of schistosomiasis cases are still persistent due to contin-

uous transmission in areas surrounding the lake. These

have been attributed to the presence of the snail interme-

diate hosts, which could be the source of infections towards

the human inhabitants (LMDA 2005; Cassion et al. 2013;

Abao-Paylangco et al. 2019).

Occupational risk of schistosomiasis includes exposure

to water bodies (irrigated canals, rice paddies, swamps,

residential areas) where snails and bovines thrive (Ju-

mawan et al., 2016). Moreover, the availability of research

findings focusing on the direct link of O. hupensis-quadrasi

and bovines in ricefields adjacent to Lake Mainit to human

schistosomiasis remains limited.

This study aims to determine the prevalence of Schis-

tosoma japonicum infection in Oncomelania hupensis

quadrasi and bovines in the rice fields at Lake Mainit. The

Bovine Contamination Index (BCI) of Schistosoma infec-

tion was also determined to understand the link of the

intermediate and reservoir hosts as key players in the

transmission of schistosomiasis in Lake Mainit.

Materials and methods

The locale of the Study

A cross-sectional survey for the collection of bovine feces

and O. quadrasi snails covered two cropping seasons and

was conducted in the months of February and July 2020.

The selection of study stations considered the areas with O.

hupensis quadrasi occurrence and bovines as reported by

other studies (Jumawan et al. 2016; Abao-Paylangco et al.

2019). Six study stations were established in the following

barangays: Alipao and Poblacion for the Municipality of

Alegria, Surigao del Norte; Magpayang, San Isidro, and

Matin-ao for the Municipality of Mainit, Surigao del Norte;

and lastly Cuyago for the Municipality of Jabonga, Agusan

del Norte (Fig. 1).

Collection of Oncomelania hupensis-quadrasi

Wildlife Gratuitous Permit (WGP) R13-2019–65 of the

Department of Environment and Natural Resources

(DENR) was secured prior to the collection of snails. A

Fig. 1 Map of selected rice

fields in Lake Mainit,

Philippines
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100 m triplicate transect was set along the selected rice

fields to perform the collection of viable O. quadrasi-hu-

pensis snails which were handpicked using fine thumb

forceps. Snail collection was done in a semi-purposive

sampling and was done between 6:00–10:00 in the morning

with approximately thirty minutes allotted per study station

to avoid bias (Opisa et al. 2011; Leonardo et al. 2013;

Jumawan et al. 2016). Oncomelania snails were individu-

ally placed in transparent 30 ml vials covered with a mesh

net (400 9 400 in.) before transport to the laboratory for

cercarial shedding. Coordinates from Global Positioning

System (GPS) was used for the spatial distribution analysis

of schistosomiasis infection of Oncomelania snails and

bovine fecal samples were mapped out using ArcGIS

(Fig. 2).

Artificial shedding and isolation of Schistosoma

japonicum cercaria

The Oncomelania snails were sorted based on the site of

collection. The snails were subjected to an artificial cer-

carial shedding technique (Opisa et al. 2011), exposing

snails to direct sunlight between 8:00 am-12:00 pm. Water

from the individual vials was examined for shed cercaria

using a compound microscope before snail examination.

Snails were crushed using two glass slides (Kariuki et al.

2004; Opisa et al. 2011) and added two drops of distilled

water and viewed using a compound microscope. Schisto-

soma japonicum cercaria is distinctly brevifurcate-apha-

ryngeate distome furcocercarial type with the tail furcae

curved backwardly when observed in open water (Frand-

sen and Christensen 1984).

Bovine fecal samples collection

Bovine fecal samples, regardless of species, were collected

simultaneously on the same day and study stations where

snails were collected. Fecal samples collected in the rice

fields came from the Philippine water buffaloes (Bubalus

bubalis) and Philippine cattle (Bos sp.) and were collec-

tively called bovines. Before collection, the bovines were

screened for the following criteria: (1) bovines to be

sampled must be grazed, bathed, and exposed in the rice-

fields where feces are collected and (2) freshness of the

deposited feces must not be later than 24 h prior for for-

malin preservation. Freshly deposited feces were collected

and identified as a viable sample for fecalysis. Only 3–5 g

from a bovine fecal sample were collected and was placed

in a stool container with 3 ml 10% formalin for preserva-

tion (Jumawan et al. 2020).

Modified formalin ethyl-acetate sedimentation

digestion (FEA-SD) technique

The study used the stool parasitological examination

technique modified by Tenorio and Molina (2020)

employing the novel copro-parasitological technique as

described by Xu et al. (2012) for the detection of S.

japonicum eggs in bovine fecal samples, the FEA-SD with

few modifications. The whole volume of the sample was

read using a modified McMaster Egg Counting Chamber.

Statistical analysis

The prevalence of S. japonicum infection in bovines was

determined based on the presence of schistosome eggs in

fecal samples. Egg counts in 5 g of feces were noted. The

collected bovine fecal samples and snails among stations

were tested in their significant association with the preva-

lence of S. japonicum infection. This was explored using

Chi-square independent test. All data were tested for nor-

mality of distribution using SPSS v. 20.0 software (IBM

Corp., 2011) applying a 95% confidence level. The Sha-

piro–Wilk test was used to determine the normality of the

data collected in the study. Statistical computations were

performed using Quantitative Parasitology (QP) version

3.0.

The Prevalence rate of Schistosoma japonicum in col-

lected snail and bovine per sites was determined using the

following formula:

Prevalence ð%Þ ¼ No: of infected samples

Total Number of Collected Samples
� 100:

Additionally, infection intensity of bovines within each

endemic setting was determined based on the total egg

count in 5 g of fecal samples. The intensity of infection

was determined by egg counts in 5 g of feces and was

categorized as light (1–400 eggs), moderate (101–400

eggs), or heavy ([ 400 eggs), as described by Tenorio and

Molina (2020). The mean of the egg counts among sites

was subjected to a Kruskal Wallis test for equality of

means to determine whether there is a significant difference

among sites. The bovine contamination index (BCI) per

animal was measured as well as the overall BCI within

each area.

Bovine contamination index

The number of S. japonicum eggs excreted by each bovine,

on average, was calculated through the formula, as used by

Gordon et al. (2012) and Tenorio and Molina, (2020).
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BCI ¼ Arithmetic mean of eggs per gram ðMEPGð Þ
� number of infected bovinesð Þ
� 25; 000 g average fecal weightð Þ:

Results

Prevalence of Schistosoma infection in Oncomelania

snails

Of the six ricefield areas in Lake Mainit, an overall 21.45%

(95% CI 17.12–25.78) prevalence rate of Schistosoma

infection from Oncomelania snails was observed. Among

ricefield stations, Alipao had the highest prevalence rate,

followed by San Isidro, Matin-ao, Poblacion, and Mag-

payang, respectively. Differences in the prevalence of

Schistosoma in Oncomelania snail per sampling site were

significant at p = 0.0001 (Table 1). No Oncomelania snails

were collected from the ricefields of Cuyago apparently as

an outcome of mollusciciding activities in rice fields in

previous months. However, thirty (30) Oncomelania indi-

viduals were collected near a stream/ carabao grazing area

approximately 1 km from the ricefields. Cercarial shedding

from these snails showed a 13.33% (95% CI 1.17–25.5)

prevalence rate of schistosome infection.

Prevalence of Schistosoma eggs infection in Bovine

Fecal Samples

Fecal samples from bovines in the ricefields of Cuyago

were found to harbor Schistosoma eggs with a prevalence

of 50% (95% CI 9.99–90.01) followed by Alipao 33.3%

(95% CI 9.67–70). Zero prevalence of schistosome infec-

tion was seen from bovine feces from the rice field sites of

Poblacion, Magpayang, San Isidro, and Matin-ao. The

differences of prevalence and intensity of Schistosoma in

bovines among sites were significant at p = 0.031 and

p = 0.035 respectively (Table 2). The geospatial data

incorporating prevalence of infection for both bovines and

snails show the risk of exposure to the disease in ricefields

mostly through infected snails in Alipao, Alegria, Mag-

payang, San Isidro, and Matin-ao. The occurrence of active

transmission through the bovine reservoir host and snails

from ricefields only occurred in Alipao. No snails were

collected from Cuyago but fecal samples from bovines

grazed away from the ricefields contained S. japonicum

eggs.

Bovine contamination index (BCI)

Calculations of the bovine contamination index from this

study showed that on average, infected bovines in key rice

fields of Lake Mainit could excrete an average index of

55,000 S. japonicum eggs as deposited in the environment

each day (Table 3). In terms of mean eggs per gram, bovine

infection of schistosome can be considered as light infec-

tion for Cuyago (1.40) and Alipao (0.80).

Discussion

Schistosomiasis in Lake Mainit was first recorded in 1947

(Pesigan 1947) and is considered a prevailing endemic

public health concern that is endemic to Caraga and 11

other regions in the Philippines (Olveda et al. 2014; Leo-

nardo et al. 2016). In 2016, an inventory of snails, their

abundance, and preferred nidus in Lake Mainit show that

many snail species, including O. quadrasi with potential

roles in zoonosis, inhabit ricefields (Jumawan et al. 2016).

The ricefield is a key habitat for human transmission of

schistosomiasis when infected snails are present and

farmers utilize these fields unprotected. Oncomelania har-

boring S. japonicum was reported in some ricefields near

Lake Mainit (Abao-Paylangco et al. 2019). However, the

current findings indicate that the proximity of infected snail

and reservoir hosts in ricefields does not always translate to

Table 1 Prevalence of Schistosoma recorded from Oncomelania snails in the ricefields of Lake Mainit, Philippines

Sites Snails screened No. of infected snails Prevalence (%) (CI**)

Alipao 68 27 39.71 (28.08–51.33)

Poblacion, Alegria 60 9 15 (5.97–24.03)

Cuyago 0* 0* 0*

Magpayang 40 1 2.50 (0.0–7.34)

San Isidro 60 17 28.30 (16.93–39.73)

Matin-ao 87 16 18.40 (10.25–26.53)

Over-all 345 74 21.45 (17.12–25.78)

*A grazing area away from ricefields contained Oncomelania with 13.33% (95% CI 1.17–25.5) prevalence of schistosome infection
**95% CI
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bovine infection. Nonetheless, the proximity could increase

the risk of exposure and the underlying danger of exposure

of humans to Schistosoma since infection can still occur

with or without the bovine reservoir host so long as On-

comelania harboring Schistosoma is present. The FEA-SD

has high diagnostic sensitivity and can detect high and low

intensity of infections, giving a more accurate estimation of

infection intensity, better than miracidial hatching test

(MHT) and Kato Katz (KK) (Gordon et al. 2012). How-

ever, there is a possibility that the zero prevalence observed

in some of the sample sites may be due to the limited

number of fecal samples in ricefields. Substantial efforts in

the search of all possible nidus have been exhausted in all

ricefield stations, however, some farmers may have grad-

ually adapted the modern agricultural practice using

mechanized plowing, or, may have grazed their bovines

further away from ricefields.

It is noteworthy that while Oncomelania did not harbor

any schistosome cercariae from the ricefields of Cuyago,

the bovines in this area had the highest infection rate which

shows proof that ricefields may not be the only source of

infection for bovines and other areas such as those for

grazing, and resting of the animal may be potential venues

for schistosomiasis for this animal. Infection with Schis-

tosoma japonicum in both intermediate hosts and reservoir

hosts do not necessarily develop synchronously with each

other but rather it takes time for a host to manifest the

infection under certain conditions that might include the

host’s resistance to infection, age, nutrition and domesti-

cation (Legaspino et al. 2014; Tenorio and Molina 2020).

Human contact with cercariae-infested water causes

Schistosoma infection. People are infected during routine

agricultural, domestic, occupational, and recreational

activities, which expose them to infested water. In Lake

Mainit, the most frequent domestic activities are fishing,

bathing, and washing clothes while the most frequent

recreational activities are playing and swimming, as the

lake has tourism potential. The lake is surrounded by

agricultural lands utilized for planting rice and corn. Dur-

ing rainy months, most ricefields get overly flooded with

high potential of displacement of infected O. quadrasi

snails, miracidia from bovine feces, and the spread of free-

swimming cercaria to a wider area. This typical scenario in

most lakes and marshland regions increases the risk factors

for the disease. In China, more than 80% of schistosomiasis

patients live in the lake and marshland regions (Hong et al.

2013) and areas within the Yangtze River (Balen et al.

2007).

In rice-growing areas, such as the surrounding topog-

raphy of Lake Mainit, bovines are important farm animals

and can be a suitable sentinel animal for schistosomiasis

surveillance (Angeles et al. 2015) aside from the presence

Table 2 Prevalence of Schistosoma and intensity of infection in bovines in the ricefields of Lake Mainit

Sites No. of samples (N = 34) No. of infected Prevalence (%) (CI**) Mean Intensity (egg/host) ± S.E.M. (p = 0.035)

Alipao 6 2 33.3(9.67–70) 1 ± 0.49

Poblacion, Alegria 6 0 0 0

Cuyago 6 3 50 (9.99–90.01) 2 ± 0.54

Magpayang 4 0 0 0

San Isidro 6 0 0 0

Matin-ao 6 0 0 0

**95% CI

Table 3 Schistosoma Bovines Contamination index (BCI) for carabaos in ricefields of Lake Mainit calculated using the arithmetic MEPG of the

FEA-SD data

Sites Mean EPG No. of infected BCI Overall BCI per bovine

Alipao 0.8 2 40,000 20,000

Poblacion, Alegria 0 0 0 0

Cuyago 1.4 3 105,000 35,000

Magpayang 0 0 0 0

San Isidro 0 0 0 0

Matin-ao 0 0 0 0

Overall 0.17 5 145,000 55,000

*Calculated using 25 kg as the daily fecal output for bovines (Gordon et al. 2011: Tenorio and Molina. 2020)
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of infected O. quadrasi. Bovines are the major animal

reservoirs contributing to human transmission of S.

japonicum in ricefields because they are repeatedly

exposed to the parasite when pulling plows in rice paddies

(Yang et al., 2013). Apart from its role in zoonosis, para-

sitism in bovines affects the animal’s fertility and pro-

ductivity in terms of economic importance (Portugaliza

et al. 2018; Tenorio and Molina 2020). A high prevalence

of Fasciola sp. was noted from bovines in Lake Mainit

(Jumawan et al. 2020) aside from reports of schistosome

infection. Most of these bovines traversed extensive dis-

tances for pastures and grazing which increases the high

level of risk in acquiring the infective stage of the parasite.

Water buffaloes spend much of their time immersed in

water bodies where they tend to defecate. This increases

the probability of exposure to intermediate hosts and also

increases the risk of transmission (Gordon et al. 2011).

Infection of bovines to Schistosoma eggs in this study

was categorized as light as it only has 11 total egg counts

for all the bovine fecal samples. The BCI of individual

bovines from Lake Mainit ricefields was lower compared

to a study involving bovines in Samar and Koronadal in the

Philippines (Gordon et al. 2011; Tenorio and Molina 2020).

The lower bovine contamination index of this study may be

attributed to the limited fecal samples found in ricefields

and the timing of the Schistosoma life cycle and egg release

in the stool of bovines during the time of collection. This

low BCI may be accounted for the small number of

infected bovines and factors affecting the availability of

bovines on-site (e.g. grazing, stall-fed, in search of pas-

tures, the proximity of bovine residence) (Portugaliza et al.

2018; Tenorio and Molina 2020). Accordingly, bovines

release approximately 40,000 S. japonicum eggs into the

environment daily comparing it to water buffaloes in China

which excrete * 120,588 S. japonicum eggs daily (Gor-

don et al. 2011). China has since claimed success in

eradicating schistosomiasis through widespread mass

mobilization of capturing Oncomelania snails infected with

S. japonicum, together with effective support on water and

agricultural conservation projects, has successfully cur-

tailed the epidemic (Gray et al. 2009b; Fan 2012) which

might be a challenge in the Philippines due to limited

resources for programs related to control and eradication.

Apart from differences in topography, the transmission is

not seasonal as in China (Olveda and Gray 2019).

In the Philippines, the roles of animal reservoir host in

the transmission of schistosomiasis is now recognized and

the Department of Agriculture and the Department of

Health are currently formulating strategies to control

schistosomiasis in animals with the development of a

bovine vaccine as one of the major directions (DOH 2018).

A vaccine-directed control program, that massively reduces

Fig. 2 Spatial distribution of Schistosoma infection in Oncomelania hupensis quadrasi and bovines in the rice-fields of Lake Mainit, Philippines
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prevalence, intensity, and transmission will eventually

benefit both human and animal health (You et al. 2018).

Conclusion and Recommendation

The study reports on the infection link between O. hupensis

quadrasi and the bovine reservoir hosts in ricefields of

Lake Mainit by looking into Schistosoma cercariae and

eggs, respectively. Results revealed active transmission of

Schistosoma as evident through observations of cercariae

shed from snails in five of the six stations studied. While

Schistosoma infection among bovines may be considered

‘‘light,’’ the results confirm the role of bovines in zoonotic

transmission. Nonetheless, the results also suggest that

ricefields may not be the only major nidus for schistoso-

miasis; hence, other habitats utilized by bovines should

also be considered in future studies. The results call for

immediate health-related policy implementation and sup-

port interventions such as bovine vaccination, once avail-

able as part of a more integrated control measure to reduce

disease burden. An integrated approach to control the

disease should include operational components such as

adequate water supply and sanitation, environmental

management, snail control, and health education, in addi-

tion to chemotherapy (Praziquantel) and vaccination.
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