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Abstract

Background and Aim: Schistosomiasis is one of the seven neglected tropical diseases that are of public health concern in
the Philippines. The disease is prevalent in few of the barangays (communities) in Koronadal City, Philippines. Status of the
Schistosoma japonicum infections in domestic animal reservoir host has yet to be explored in these endemic communities.
The study aimed to determine the prevalence and infection intensity of the disease in cattle and water buffaloes of endemic
communities of Koronadal City.

Materials and Methods: Schistosomiasis was investigated in 70 cattle and 38 water buffaloes from three endemic
communities in Koronadal City. The copro-parasitological technique used was the formalin—ethyl acetate sedimentation
method.

Results: S. japonicum infection was observed in 48.6% of cattle and 60.5% in water buffaloes. The bovine contamination
index indicated that all infected animals released 3,505,500 eggs/day. On average, infected cattle released 1,674,500 eggs
daily, while infected water buffaloes liberated 1,932,000 eggs in the environment daily.

Conclusion: Cattle and water buffaloes in these endemic areas are infected with S. japonicum. These animals release
large numbers of eggs in the environment daily; hence, played an important role in disease transmission. Those living and

working in endemic areas should be aware of the inherent dangers of the disease.
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Introduction

Schistosomiasis is one of the seven neglected
tropical diseases (NTDs) that are prevalent in the
Philippines [1]. It is reported that it affects 207 million
people across 76 countries [2]. There are six species that
cause human schistosomiasis: Schistosoma mansoni,
Schistosoma japonicum, Schistosoma haematobium,
Schistosoma mekongi, Schistosoma intercalatum, and
Schistosoma malayensis. Among these, S. japonicum
is the only one that has been shown to have substantial
zoonotic transmission [3]. Schistosomiasis japonica is
known to be prevalent in China, the Philippines, and
portions of the Indonesian archipelago [4].

In 2017, the World Health Organization
[5] reported that 202.8 million people across 52
countries required prophylactic treatment. In the
Philippines, the Schistosomiasis Control Program
of the Department of Health (DOH) [6] reports that
“S. japonicum infection is still endemic in 12 regions
with 28 provinces, 190 municipalities, and 2230
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barangays (communities).” In 2018, a focal survey
conducted by the DOH of the Philippines found that
the national prevalence rate (PR) for schistosomiasis
was 4.68% with 435 of the endemic barangays hav-
ing >5%, 357 with <5%, and 379 with <1% [6]. The
major endemic areas include the islands of Leyte and
Samar in the Visayan archipelago, and almost the
entire island of Mindanao where there is no distinct
dry season [7,8].

The Provincial Health Office of South Cotabato
Schistosomiasis Incidence Report [9] stated that
S. japonicum infections are endemic in seven com-
munities (barangays) of Koronadal City and seven
communities in the Municipality of Tantangan with a
total population at risk of infection at 82,803. In the
same year, there were nine reported cases of human
schistosomiasis with Koronadal City having six and
Tantangan having three [9]. No previous studies have
looked into the status of the disease in possible animal
reservoir hosts in these areas.

A comprehensive study that evaluated the status
of schistosomiasis in potential animal reservoir hosts
in Samar, the Philippines, posited that very few water
buffaloes were infected as compared to dogs and
rats [10]. Mathematical modeling of the parasite trans-
mission further supports this claim [11]. However,
recently, studies have reported that high PR of schis-
tosomiasis were demonstrated in cattle [12] and
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water buffaloes [12-14] in Samar and Leyte. These
authors employed molecular diagnostic assays and a
novel copro-parasitological technique in the detec-
tion of the disease. Their observations suggested the
potential role played by these animals in the disease
transmission toward human inhabitants of endemic
communities.

The study aimed to determine the prevalence
and infection intensity of schistosomiasis in cattle
and water buffaloes based on fecal egg counts using
the formalin—ethyl acetate-sedimentation technique
(FEA-SD). In addition, the study determined the sig-
nificance of cattle and water buffaloes in the transmis-
sion of S. japonicum toward the environment.

Materials and Methods

Ethical approval

Ethical approval for all the procedures con-
ducted in animals was provided by the Institutional
Animal Care and Use Committee of the University of
Southern Mindanao.

Experimental approach

A cross-sectional study was done in the baran-
gays of Morales, Cacub, and Zone 11, Koronadal City,
South Cotabato Province (Figure-1). Formal com-
munication was established with the City Veterinary
Office and Local Community Offices of each
barangays.

Cattle and water buffaloes listed in recent health
records of the City Veterinary Office were selected
and included in the study. A total of 108 animals were
sampled. From these animals, 70 were cattle and 38
were water buffaloes. The sex and age of the animals
were noted. All animals were grouped according to

their age: <3 years old for Group 1; and >3 years old
for Group 2.

Collection and examination of samples

The collection of stool samples was done by
direct insertion of a hand with gloves moistened with
water into the rectum. One fecal sample was collected
per animal studied. Fecal samples were placed in a
clean disposable cup with lid and labeled accord-
ingly. All samples were brought and examined at the
Veterinary Parasitology Laboratory of the College
of Veterinary Medicine, University of Southern
Mindanao, Kabacan, Cotabato. Sample collection and
analysis was done from June 2018 to August 2018.

Parasitological examination technique

The study used the novel copro-parasitological
technique described by Xu et al. [15] for the detection
of S. japonicum eggs in ruminant fecal samples, the
FEA-SD technique with few modifications. The whole
volume of the sample was read using a McMaster 4
chamber worm egg counting slide 4x0.5 ml (Whitlock
Sfelo®). All of the samples were examined only once.
Only one person read and counted the S. japonicum
eggs.
Statistical analysis

The prevalence of S. japonicum infection among
cattle and water buffaloes was determined based on
the presence of schistosome eggs in fecal samples.
Egg counts in 5 g of feces were noted. The age of the
animals was tested in their significant association with
the prevalence of S. japonicum infection. This was
explored using Chi-square test. Specifically, infection
intensity among individual cattle and water buffaloes
within each endemic setting was determined based on
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Figure-1: (a) Map of the Philippines highlighting the province of South Cotabato (in red star), where Koronadal City is
situated (https://en.wikipedia.org/wiki/Template: Philippines_labelled_map); (b) map of Koronadal City highlighting the
area sampled (in red star) (https://www.koronadal.gov.ph/wp-content/uploads/2019/04/operational-map-1024x918.jpg).
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the total egg count in 5 g of fecal samples. The inten-
sity 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 Ardina (2014). The mean of the egg
counts between cattle and water buffaloes was sub-
jected to a t-test for equality of means to determine
whether there is a significant difference between the
two. The bovine contamination index (BCI) per ani-
mal was measured as well as the overall BCI within
each area.

PR

The PR of schistosomiasis within the cattle and
water buffalo population was determined using the
following formula:

_ No.of casesin the population at one time

PR x100

No.of animalsin the population at the
sametime

BCI

The number of S. japonicum eggs excreted by
each cattle and water buffalo, on an average, was cal-
culated through the formula, as used by Gordon et al.
(2012) [13]:

“BCI=Arithmetic mean of eggs per gram
(EPG)xNumber of infected bovinesx25,000 g (aver-
age fecal weight).”

Results

There were 108 animals sampled included in the
study. Of these, 70 were cattle and 38 were water buf-
faloes. When both species were considered, a total of
65 animals were aged <3 years and 43 belonged to the
age group >3 years. Among cattle, 42 belonged to ani-
mals aged <3 years, while 28 animals aged >3 years.
For water buffaloes, 24 animals were <3 years of age,
and 14 aged >3 years. A sample was deemed positive
on identification of a schistosome egg (Figure-2).

S. japonicum infection: Prevalence

Using the FEA-SD method, fecal samples from
both cattle and water buffaloes were examined for
the presence of S. japonicum eggs. Among the total
108 samples, 57 (52.8%) were found to harbor the
infection and 51 were feco-negative. Among 70 sam-
ples from cattle, 34 (48.6%) were positive. In water
buffaloes, 23 (60.5%) of the 38 samples were found to
be feco-positive.

The results were examined through the chi-square
test to determine the relationship between the species
of the animal and S. japonicum infection (Table-1).
The test revealed that the species of the animal is not
associated with S. japonicum infection (p=0.128) sug-
gesting that the species of the animal did not signifi-
cantly influence the occurrence of infection.

Figure-2: Schistosoma japonicum egg from a water
buffalo feces (100x).

Table-1: Prevalence of Schistosoma japonicum infection
in cattle and water buffaloes in selected endemic
communities in Koronadal City.

Species Prevalence
n No. Prevalence yx2* p-value
positive (%)
Total 108 57 52.7 0.86 0.128
examined
Cattle 70 34 48.6
Water 38 23 60.5
buffaloes

Prevalence in relation to age

Total examined (in years)

<3 65 35 53.8 0.075 0.785
>3 43 22 51.2

Cattle (in years)
<3 42 18 42.9 1.166 0.280
>3 28 16 57.1

Water buffaloes (in years)
<3 24 16 66.7 1.028 0.310
>3 14 7 50.0

*Chi-square test

S. japonicum infection: Infection intensity

Collectively, the intensity of infection in all ani-
mals was light with mean egg counts of 2.46. Mean
egg count for cattle was 1.97, while for water buffa-
loes, 3.36 (Table-2). t-test was done to evaluate if there
is a significant difference in the egg counts between
species. The result showed a significant difference
(p=0.016) with water buffaloes having significantly
higher mean egg counts compared to cattle.

S. japonicum infection: Prevalence in relation to age

When both species were considered, the preva-
lence was slightly higher for animals within the ages
of 3 years and below (53.8%) than those aging above
3 years (51.2%), though this difference was found to
be statistically insignificant (p=0.785) (Table-1). The
prevalence of S. japonicum infection was not signifi-
cantly associated with the age of the animal. In cattle,
the result showed that those belonging to the ages of
>3 years got a higher prevalence (57.1%) than those
aging <3 years (42.9%). This difference in prevalence
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Table-2: Intensity and t-test for equality of means
conducted between the egg counts of cattle and water
buffaloes sampled from selected barangays in Koronadal
City.

Species t-test for equality of means

MEPG* t-value df p-value
Cattle 1.97 2.44 106 0.016
Water buffaloes 3.36

*Mean egg count per 5 g of feces

Table-3: Bovine contamination index of S. japonicum
infection in cattle and water buffaloes in selected
barangays in Koronadal City.

Species Bovine contamination index
MEPG* No. BCI overall BCI per
positive animal
Cattle 1.97 34 1,674,500 49,250
Water 3.36 23 1,932,000 84,000
buffaloes
Total 2.46 57 3,505,500 61,500
examined

*Mean egg count per 5 g of feces

is still insignificant (p=0.280). Among water buffa-
loes, those aged <3 years got a prevalence of 66.7%,
which was higher compared to those animals aged
>3 years which got a prevalence of 50.0%. Similarly,
there was no significant relationship in the prevalence
and age of the water buffaloes (p=0.310).

S. japonicum infection: BCI

The BCI, as shown in Table-3, gives an estimate
of the quantity of schistosome eggs defecated by the
animals studied. Results indicate that, on average,
all the animals infected released 3,505,500 eggs/day
in the environment. Each animal released 61,500
eggs in the environment. An estimated 1,674,500
eggs were excreted when all cattle were considered,
while individually, 49,250 eggs were discharged per
day. Water buffaloes, as a whole, liberated into the
environment 1,932,000 eggs/day; and each water
buffalo excreted 84,000 eggs. A large number of
eggs released by these animals and the presence of
the intermediate host in the areas studied demon-
strate the potential role of cattle and water buffaloes
in the S. japonicum infection transmission toward
humans.

Discussion

Schistosomiasis is one of the predominant par-
asitic diseases in the world with 207 million persons
in 76 countries reported to be affected [2]. In the
Philippines, the schistosomiasis control program of
the DOH [6] reports that S. japonica is still endemic
in 12 regions out of the 16 regions of the country.
According to the Provincial Health Office of South
Cotabato Schistosomiasis Incidence Report [9],
S. japonicum infections are endemic in seven baran-
gays of Koronadal City. The detailed procedure for the
FEA-SD technique is provided elsewhere [12].

Water buffaloes, and to a lesser extent cattle, are
the known major animal reservoir hosts for S. japon-
icum infection in the marshlands and lake areas in
Southwest China [16,17]. Hence, this study evaluated
the infection in cattle and water buffaloes as these
animals are likely to play a role in the transmission
S. japonicum infection toward humans.

The total PR obtained (58.2%) was not signifi-
cantly lower than that reported by Gordon et al. in
North Samar, the Philippines [12]. Using the same
parasitological technique, they reported a prevalence
of 62.1% in both cattle and carabaos. Among cattle,
the prevalence obtained in the present study (48.6%)
was relatively higher than those reported in Ethiopia
(4.5%) [18] and Zimbabwe (4.5%) [19]. However,
these studies utilized less sensitive copro-parasitologic
test that might have underestimated the actual degree
of infection of the cattle studied. Islam et al. [20] simi-
larly reported a higher prevalence of intestinal schisto-
somiasis (47.5%) in cattle in Bangladesh. They noted
that the frequent contact of cattle to snail infested bod-
ies of water for drinking is a contributing factor to the
continuous infection of these animals [20].

The MEPG showed a significant difference with
water buffaloes having significantly higher mean egg
counts compared to cattle (p=0.016). These differ-
ences could be attributed to the fact that water buf-
faloes, compared to cattle, spend much more time in
water and marshy areas, which are their natural habi-
tat and also where the infective stages of the parasite
thrive. This contributes to substantially longer expo-
sure to cercariae than cattle. Longer exposure would
result in a higher magnitude of worm burden.

The result of the prevalence in relation to age
differs from the findings of Gordon et al. [12], which
reported a higher prevalence in animals aged more
than 2 years old (64.1%) than those aging 2 years and
under (55.6%). However, it has been reported that
there is a decline in schistosome fecal egg counts as
the animal ages. Dilution due to an increase in the fecal
mass of the growing animal contributes to this inverse
relationship [21]. Furthermore, there is a time-related
immune suppression of fecundity that is observed in
animals infected with S. mathei [22].

Among cattle, the difference in prevalence was
similar to the observation of Bedarkar et al. [23] and
Islam et al. [20]. They identified out that there is a
positive correlation between age and rate of infection,
with the highest infection rate occurring at maturity.
In addition, De Bont et al. [24] also reported that the
prevalence of schistosomiasis in younger animals was
less compared to those at maturity. The higher prev-
alence in adults can be attributed to longer exposure
time to infection in contaminated waterlogged areas.
The extensive distances traversed by these animals in
search of pasture and water increases the likelihood of
acquiring the infection. Compared to adults, the very
young calves do not graze extensively so they have
fewer exposures to the infective stages of the parasite.
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The result of infection prevalence in relation
to age among water buffaloes differs from what was
observed by Ardina [25]. The author found that those
aged >8-12 years had a higher prevalence (57.14%)
than the other younger age groups. However, Li
et al. [26] identified an elevated PR of S. japonicum
infection among water buffaloes aged <12 months as
compared to older age groups. It had also been observed
that calves are allowed to graze in the fields together
with their dams, instead of being stall-fed. This prac-
tice increases the possibility of the calves acquiring the
infection through exposure to the environment that is
inhabited by the infective stage of the parasite.

A lower BCI was noted in the present study
compared to those reported in the studies of Gordon
et al. [12,13]. The BCI of individual water buffaloes
was higher than those of cattle. This observation dif-
fers from the findings of Gordon et al. [12] wherein
they indicated that each cattle had a BCI of 285,000
while a lower BCI of 137,500 was found for individ-
ual water buffaloes. The higher BCI in cattle may be
due to the difference in susceptibility of cattle and
carabaos to infection with S. japonicum, with the for-
mer being more prone to infection [27,28].

A large number of eggs released and the presence
of intermediate hosts in these areas further demonstrates
the potential roles played by cattle and water buffaloes
in the transmission of the S. japonicum toward humans.
Those living and working in endemic areas should be
aware of the inherent dangers of the disease.

Conclusion

This study concludes that S. japonicum infections
are common in cattle and water buffaloes in the baran-
gays of Morales, Cacub, and Zone III. The presence of
schistosomiasis in the animals and the selectively high
number of eggs excreted by infected animals studied
suggest that these species play a potentially important
role in human schistosomiasis transmission, as indi-
cated by the previous studies.

Chemotherapy of the infected animals and
humans is recommended. This multispecies approach
could limit the S. japonicum infection in the environ-
ment. A snail control program may also be instituted
in endemic barangays. Proper hygiene must be taken
seriously in these endemic areas for unsanitary condi-
tions that have been implicated in cases of human-to-
human transmission of the disease. Those working in
environments that are favorable to the infective stage
of the parasite must be knowledgeable of the inherent
dangers of S. japonicum infection.
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