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Introduction
Schistosomiasis infections have been reported 

in 78 countries, including the People’s Republic of 
China, the Philippines, and Indonesia (Gordon et 
al., 2019; World Health Organization [WHO], 2020a, 
2021). It was reported that an estimated 290.8  
million people required preventive chemotherapy for 
schistosomiasis, but only 97.2 million people were 
treated for this Neglected Tropical Disease (NTD) 
(Casulli, 2021; Chen et al., 2021; WHO, 2020a). 
Schistosoma mansoni, S. haematobium and S. 
japonicum, the primary human schistosomiasis 
agents, were reported to cause losses of about 1.5 
to 4.5 million disability life years (DALYs) (McManus 
et al., 2010; Hailgebriel et al., 2020). The Philippine 
Schistosomiasis Control and Elimination Program 
reported that the national prevalence was 4.68% 
in 2017 (Philippine Department of Health [DOH], 
2018). Schistosoma japonicum infections are 

endemic in 1,609 barangays (communities), in 196 
municipalities and 15 cities, in 28 provinces, and in 
12 regions (Palasi, 2021). An estimated 12.4 million 
Filipinos are at risk, while 2.7 million are directly 
exposed to the parasite (Leonardo et al., 2020a, 
2020b; Palasi, 2021).

Trematodes of the genus Schistosoma are the 
cause of schistosomiasis or bilharziasis. These 
parasites belong to the family Schistosomatidae, 
order Strigeidida (Taylor et al., 2016). These worms 
are primarily parasites of blood vessels of the 
gastrointestinal tract and the genitourinary system. 
Six major Schistosoma species cause disease in 
humans (Tenorio & Molina, 2020; WHO, 2020a). S. 
mansoni causes intestinal schistosomiasis in Africa, 
the Caribbean, the Middle East, and parts of South 
America (Kurup & Hunjan, 2010; WHO, 2020a). S. 
guineensis and S. intercalatum are found in central 
Africa (McManus et al., 2018). S. haematobium 
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causes urogenital schistosomiasis in Africa, the 
Middle East, and Corsica in France (Boissier et 
al., 2016; McManus et al., 2018). S. japonicum, 
the etiologic agent of schistosomiasis japonica, is 
different among the aforementioned species due 
to its zoonotic nature which can involve several 
species of wild and domestic animals. It causes 
intestinal schistosomiasis in China, Indonesia, and 
the Philippines (Gordon et al., 2019; Olveda et al., 
2014). Similarly, S. mekongi, which causes a similar 
disease in several areas in Lao PDR and Cambodia, 
is also recognized as a zoonotic parasite, but the 
animal species involved has yet to be elucidated 
(Khieu et al., 2019; WHO, 2020a). 

Oncomelania hupensis quadrasi is the only 
known intermediate host of S. japonicum in the 
Philippines. This snail species prefers aquatic 
environments, such as wet soils, rice paddies, ponds, 
streams and shaded areas in riverbanks (Gordon et 
al., 2019). Various studies and governmental reports 
have noted varying S. japonicum infection rates 
among snails collected in endemic areas, majority 
of which are in Mindanao (Abao-Paylangco et al., 
2019; Fornillos et al., 2019a). Snail-infested bodies   
of water are sources of direct infection transmission 
due to a large amount of parasite cercariae infective 
stages released by S. japonicum-infected O. 
hupensis quadrasi.

In the Philippines, dogs, rats, pigs, cats, cattle, 
and water buffaloes reportedly have been affected 
by schistosomiasis japonica (Fernandez et al., 
2007; Gordon et al., 2012, 2015c; McGarvey et al., 
2006). Bubalines, and to a lesser extent bovines, 
have been implicated as the main reservoir hosts of 
schistosomiasis japonica in the Philippines (Angeles 
et al., 2015; Olveda & Gray, 2019). High prevalence 
has been reported among water buffaloes in 
schistosomiasis hot spots (Gordon et al., 2012, 
2015c; Wu et al., 2010). However, the actual status 
of the disease among these animals and in other 
reservoir host species in most endemic areas in the 
country remains largely unknown.

A variety of tests have been developed to 
effectively diagnose schistosomiasis caused by 
various schistosome species. These include the 
conventional microscopy-based tests, antibody- or 
antigen-based serologic methods, molecular assays, 
and the use of inflammatory and metabolic products 
as biomarkers of disease (Chen et al., 2021; Gordon 
et al., 2019; Weerakoon et al., 2015). In addition, 
various control, prevention, and elimination efforts 

have been put into place to eliminate S. japonicum 
infections in China, the Philippines, and Indonesia, 
and S. mekongi in Lao PDR and Cambodia. These 
include preventive chemotherapy or Mass Drug 
Administration (MDA), provision of clean water, and 
practice of sanitation and hygiene (WASH), snail 
control programs, community education towards 
behavioral modification, and veterinary management 
of animal reservoir hosts (Leonardo et al., 2020b; 
WHO, 2017).

This paper is a review of recent updates 
on schistosomiasis with a special highlight to 
schistosomiasis japonica in the Philippines. The 
aim of this paper is to collate recent research and 
updates on S. japonicum infections in terms of 
disease occurrence, advancements in diagnostic 
techniques and approaches, and the disease 
treatment, prevention, control and elimination efforts 
in the country. 

Life Cycle and Zoonotic Transmission of 
S. japonicum

Snail Intermediate Host

S. japonicum has a complex life cycle that 
utilizes a snail intermediate host and a mammalian 
final host (Figure 1). Various snail species are 
known to be the intermediate host of the parasite in 
different parts of Asia: O. hupensis nosphora and O. 
hupensis formosana in Japan, O. hupensis hupensis 
in China, and O. hupensis quadrasi in the Philippines 
(Gordon et al., 2019; Leonardo et al., 2020b). 
In China, four subspecies of O. hupensis were 
identified: O. hupensis guangxiensis, O. hupensis 
tangi, O. hupensis hupensis, and O. hupensis 
robertsoni (Guan et al., 2016; Gordon et al., 2019; 
Li et al., 2009; Zhao et al., 2010). The former two 
species’ populations have been reduced through 
control measures and the latter two were noted 
as the remaining dominant species; O. hupensis 
hupensis is the most widespread in China (Gordon 
et al., 2019; Zhao et al., 2010). These snails are 
prevalent near water bodies, wherein they release 
the infective stage of the parasite (Fornillos et al., 
2019; Leonardo et al., 2020b).  Moreover, Fornillos 
et al. (2019a) reported that water-logged areas 
with thick vegetation, riverbanks, rice fields, ponds, 
irrigation cannals, swamps, and streams were 
common characteristics of habitats of O. hupensis 
quadrasi in the Philippines. These conditions 
provide adequate moisture and shade for the snails 
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to proliferate, as noted by Calata et al. (2019). In 
endemic areas, the presence of snail intermediate 
hosts together with suitable animal reservoir hosts 
complicate the control and prevention of human S. 
japonicum infections.

S. japonicum infection rates among O. hupensis 
quadrasi snails in endemic areas in the Philippines 
have been reported and studied by various papers 
and agency reports. In 2016, Leonardo et al. reported 
that from 2013 to 2015, the snail infection rate (SIR) 
of S. japonicum was highest in Northern Samar 
at more than 12%, followed by Sorsogon, Davao 
de Oro and Surigao del Norte at more than 1%. 
These were followed by Mindoro Oriental, Negros 
Occidental, Agusan del Sur, Leyte, Lanao del Norte, 
Bukidnon, New Corella in Davao del Norte, and 
Negros Occidental which had snails infected with S. 
japonicum but with infection rates at lower than 1%. 
Recently, Fornillos et al. (2019a) determined the S. 
japonicum SIR and positive sampling sites (PSS) of 
O. hupensis quadrasi in different edemic areas of the 
country. They reported that Maragusan, Compostela 
Valley had the highest infection rate (1.51 %), with 3 

out of the 4 sampling sites having snails infected with 
S. japonicum. It was followed by Alegria, Surigao del 
Sur (SIR: 0.98%; PSS: 3/5), Kapatagan, Lanao del 
Norte (SIR: 0.87%; PSS: 3/4), Valencia, Bukidnon 
(SIR: 0.75%; PSS: 1/3), Alang-alang, Leyte (SIR: 
0.57%; PSS: 3/5), Trento, Agusan del Sur (SIR: 
0.36%; PSS: 3/7). All of the snails obtained from 
Talibon, Bohol were not infected with S. japonicum. 
This does not come as a surprise because Bohol 
has been noted as the only endemic province that 
has achieved near S. japonicum elimination status 
in the country (Leonardo et al., 2016).  In Lake 
Mainit, Agusan del Sur, Abao-Paylangco et al. 
(2019) reported an over-all prevalence of 67.71% 
among O. hupensis quadrasi collected from rice 
fields within the vicinity of the lake.

Mammalian Reservoir Hosts

Over 40 species of mammals, including 
humans, are known to harbor S. japonicum (He et al., 
2001).  Moreover, several species of animals have 
been implicated as reservoirs of human infections. 
In China, dogs, rats, pigs, cats, goats and sheep, 

Figure 1. The zoonotic life cycle of Schistosoma japonicum in the Philippines. The parasite utilizes the 
amphibious Oncomelania hupensis quadrasi snail as the intermediate host and suitable mammalian hosts 
(e.g., humans and water buffaloes) as final host (Carabin et al., 2011). Water buffaloes serve as non-
human sources of schistosome eggs that may in turn develop into infective cercariae that can cause 
human infections. .
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cattle, and water buffaloes were initially thought to 
play such roles (McManus et al., 2010). Likewise, 
some of these animals have also been found to 
harbor the parasite in the Philippines (Fernandez 
et al., 2007; Gordon et al., 2012, 2015c; McGarvey 
et al., 2006; Tenorio & Molina, 2020). In China, 
however, transmission modeling studies have found 
that around 75-99% of human infections in different 
endemic areas can be attributed to water buffaloes 
(Gray et al., 2007, 2008, 2009; Williams et al., 2002). 
Hence, the recent reports of high prevalences of 
schistosomiasis japonica in water buffaloes and 
cattle in endemic foci in the country (Gordon et al., 
2012, 2015c; Jumawan & Estaño, 2021; Navarro et 
al., 2021; Tenorio & Molina 2020; Wu et al., 2010) 
had resulted to the notion that these animals may 
also be the important reservoirs of human infections 
in the Philippines (Angeles et al., 2015; Olveda et 
al., 2014; Olveda & Gray, 2019). Thus, it has been 
advocated that these animals be included in the 
control and elimination efforts of S. japonicum in the 
country.

Epidemiology of S. japonicum in the  
Phlippines

Schistosoma japonicum has a long history 
in the Philippines. It was first reported in a patient 
that had amoebiasis and bacterial infection in 
1906 (Leonardo et al., 2020a, 2020b; Olveda et 
al., 2014). Moreover, it was first recognized as a 
disease of public health concern in 1953 (Olveda 
et al., 2014). Schistosomiasis has been reported 
to have a clustered distribution in Luzon, Visayas, 
and Mindanao (Leonardo et al., 2020b; Soares 
Magalhães et al., 2014). All the provinces in Mindanao 
are affected except Sulu and its neighboring islands, 
Misamis Oriental and Sarangani (Leonardo et al., 
2008, 2020b). The Philippine Schistosomiasis 
Control and Elimination Program (SCEP) reported 
that the national prevalence is 4.68% based on a 
focal survey in 2017 (Palasi, 2021; DOH, 2018). 
Moreover, among the 1,442 barangays surveyed 
from 2015 to 2020, 30% have high endemicity (i.e., 
prevalence of >5%), 27% have moderate endemicity 
(i.e., prevalence of ≥1% but <5%), and 33% are 
under low endemicity classification (i.e., prevalence 
that is <1%) (Palasi, 2021). An estimated 12.4 million 
Filipinos are at risk, while 2.7 million are directly 
exposed to the parasite (Leonardo et al., 2020b; 
Palasi, 2021). 

Multiple published studies have reported the 

national baseline prevalence and the prevalence 
in each schistosomiasis endemic province in the 
Philippines, the most comprehensive of which was 
conducted between 2005-2008. Leonardo et al., 
(2008, 2012) reported that the national baseline 
prevalence was 1.3% (range: 0.08% to 6.30%). 
Furthermore, the group discovered that Mindoro 
Oriental had the highest prevalence among endemic 
provinces at 6.3%. Agusan del Sur in Mindanao 
followed with a prevalence of 3.9% and then 
Sorsogon at 3.6%. Northern Samar and Eastern 
Samar in Eastern Visayas rounded out the top five 
endemic provinces with a prevalence of 2.4% and 
1.8%, respectively. It is important to note that the 
Kato-Katz technique was used to assess multiple 
stool samples collected from study participants in 
endemic areas. In 2013-2015, another national 
schistosomiasis prevalence survey was conducted 
by the SCEP (Figure 2) (Leonardo et al., 2016; 
Manalo, 2020). It was reported that Northern Samar 
was the top endemic province with a prevalence of 
10.0%. Agusan del Norte and Sorsogon followed 
with prevalences of 4.34% and 4.0%, respectively. 
Two provinces from Central Mindanao rounded out 
the top five endemic provinces in the 2013-2015 
survey, with Bukidnon ranking fourth at 3.83% 
prevalence and Cotabato Province (formerly North 
Cotabato) occupying the fifth spot with 3.45%. With 
these reports, Leonardo et al. (2016) noted that 
some of the endemic provinces with prevalences of 
<5% had already reached morbidity control status.

Risk Factors of Schistosomiasis in the 
Country

Certain demographics of Filipinos have a 
higher risk of infection than others. Water contact 
behaviors are the root of most risk factors to human 
schistosomiasis infections (Buchwald et al., 2021; 
Carabin et al., 2011). S. japonicum infections are 
considered an occupational hazard to those who 
have extensive exposure to infected bodies of water 
(i.e., fisher folks), as well as those working in sites 
where the snail intermediate hosts may proliferate 
(i.e., farmers in rice paddies) (Leonardo et al., 
2008, 2012). Groups within these demographics 
are associated with higher prevalence (Carabin et 
al., 2011). Also, there is evidence of differences in 
schistosomiasis prevalence between sexes, with 
males being more at risk than females (Leonardo 
et al., 2008, 2012, 2015). Leonardo et al. (2015) 
posited that this might be due to the occupational 
hazard of rice farming duties among male inhabitants 
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Figure 2. Map of the 28 Schistosoma japonicum endemic provinces in the Philippines (in blue) according 
to Palasi (2021). Highlighted are the ten provinces with the highest prevalence based on a survey 
conducted in 2013-2015, as reported by Leonardo et al. (2016) and Manalo (2020).
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in endemic foci. The authors also noted that females 
also participate in rice farming activities but to a 
lesser extent. S. japonicum infections tend to peak 
with older age, which could be due to more prolonged 
exposure to infected environments (Leonardo et 
al., 2008, 2012, 2015). It has been noted that the 
probability of schistosomiasis is higher in adults 
aged 20 years old and above (Soares Magalhães 
et al., 2014). 

An increased risk of infection was also reported 
in school-aged children in Calatrava, Negros 
Occidental (Belizario et al., 2015). Schistosomiasis 
in school-aged children has been noted to cause 
anemia, malnutrition, stunting, and poor cognitive 
performance (Cabanacan-Salibay et al., 2016). 
Socio-economic status had also been reported as 
a key determinant of S. japonicum infections. High 
economic status is a protective factor, while lower-
income status and living in rural, endemic farming 
areas are seen to be a predisposition to infection 
(Carabin et al., 2011). The capacity to provide 
for a sufficient WASH facility, whether at home or 
in the community at large, is an example of how 
economic status influences the risk of acquiring 
the disease among people from different economic 
demographics.

The findings reiterate that schistosomiasis is 
a disease of poverty, and those living and working 
in contact with infected bodies of water are at a 
greater risk of acquiring S. japonicum infections. 
Farmers who use water buffaloes or cattle as draft 
animals are at risk of infection as these animals 
may serve as reservoir hosts.  Within an endemic 
setting where an infected reservoir host (i.e., water 
buffaloes wallowing in mud) is cohabitating with 
the snail intermediate hosts, human inhabitants 
are at extreme risk of infection, and perpetuation of 
schistosomiasis in such areas is inevitable if control 
and prevention efforts are not enacted. The risk of 
infection among school-aged children should not 
be taken lightly due to the pathologies caused by 
infections that may have long-lasting effects in their 
age group.

Advancements in Diagnostic Approaches 
Various tests have been developed throughout 

the years to effectively diagnose schistosomiasis 
caused by various schistosome species. These 
include the conventional microscopy-based 
parasitological techniques that detect the agent’s 

eggs or immature forms, serological methods, 
molecular assays, and the use of inflammatory 
and metabolic products as biomarkers of disease 
(Chen et al., 2021; Gordon et al., 2019; Weerakoon 
et al., 2015). This section will briefly highlight and 
discuss the principles, uses, pros, and cons of these 
techniques.

Parasitological  Techniques

Tests that fall under this category are those 
used to demonstrate schistosome eggs or immature 
forms using microscopy. The most valuable and 
perhaps the most widely used is the Kato-Katz (KK) 
technique. It involves detecting schistosome eggs in 
a thick fecal smear under a microscope (Ajibola et 
al., 2018; Belizario et al., 2014). The WHO (2019) 
recommends KK for monitoring control programs 
(e.g., mass drug administrations) of NTDs, including 
schistosomiasis. The technique is easy to conduct, 
inexpensive, less laborious, and has good sensitivity 
in settings of high disease burdens (Ajibola et al., 
2018; Weerakoon et al., 2015). However, in areas 
of low prevalence (i.e., those receiving mass 
prophylactic treatments), its sensitivity is decreased 
(Gordon et al., 2019; Olveda et al., 2016; Weerakoon 
et al., 2015). Increasing the sensitivity of KK may 
involve increasing the number of samples collected 
from the study population. Samples may be 
collected on separate but succeeding days (i.e., 2-4 
days). Bärenbold et al. (2017) showed that if the S. 
mansoni egg per gram (EPG) was 100, examination 
of one sample via KK would have a sensitivity of 
50% but an examination of two samples increased 
KK’s sensitivity to 80%. The KK technique has been 
used extensively in national prevalence surveys in 
the Philippines (Belizario et al., 2015; Leonardo et 
al., 2008, 2012, 2015).

Other less used copro-parasitologic techniques 
include the FLOTAC technique (Cringoli et al., 
2010) and the Danish Bilhaziasis Laboratory (DBL) 
technique. The DBL technique has been used 
in detecting S. japonicum eggs in animals in the 
Philippines (Fernandez et al., 2007; Leonardo et 
al., 2015; Wu et al., 2010). The Miracidial Hatching 
Technique (MHT) is used to test the viability of 
excreted schistosome eggs (Juberg et al., 2008). 
For the detection and quantification of schistosome 
eggs in fecal samples of bovines and bubalines, 
Formalin Ethyl Acetate–Sendimentation & Digestion 
(FEA-SD) technique was developed by Xu et al. 
(2012). It involves sedimentation of fecal samples 
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using ethyl acetate and formalin and digestion with 
potassium hydroxide. The former allows for the 
separation of debris, and the latter enables a clearer 
observation of the schistosome eggs by rendering 
the undigested fibers translucent. The authors 
noted that FEA-SD might be of considerable value 
to schistosomiasis surveillance in bovine reservoir 
hosts (Xu et al., 2012). Tenorio and Molina (2020), 
Navarro et al. (2021), and Jumawan and Estaño 
(2021) utilized this technique to survey S. japonicum 
infections among water buffaloes and cattle in 
different regions in Mindanao.

Serological Techniques

Serological tests include assays that determine 
previous exposure to schistosomes by detecting 
antibodies against the parasite or circulating parasite 
antigens. Anti-schistosome antibodies are mainly 
detected using various forms of Enzyme-Linked 
Immunosorbent Assays (ELISA) and Circumoval 
Precipitation Test (COPT) (Gordon et al., 2019). 
ELISA tests the reactivity of antibodies from a 
serum sample to extracted Soluble Egg Antigens 
(SEA-ELISA), larval antigens, and Adult Worm 
Antigens (AWA-ELISA) (Weerakoon et al., 2015). 
Various studies have been conducted to assess the 
performance of target ELISA antigens using human 
and animal samples from the Philippines. The 
recombinant thioredoxin peroxidase-1 (SjTPx-1) and 
S. japonicum tandem repeat protein-7 (Sj7TR) were 
found to be promising ELISA target antigens; both 
had a sensitivity of 85.71% (Angeles et al., 2011). 
With the aims of assessing the utilization of target 
antigens via ELISA for the diagnosis of zoonotic 
schistosomiasis in animals, various studies have 
been performed using animal samples from endemic 
provinces in the country (Angeles et al., 2012, 2019, 
2020). A cocktail ELISA combining SjTPx-1, Sj7TR, 
and Sj1TR (S. japonicum tandem repeat protein-1) 
had high sensitivities (84.1% in humans, 80.0% in 
water buffaloes and dogs) when tested with sera 
from patients from Negros Occidental, Mindoro 
Occidental, Leyte, and Northern Samar (Moendeg 
et al., 2015). Cai et al. (2017) found that an ELISA 
test combining the SjSAP4 (S. japonicum saposin 
protein-4) and Sj23-LHD (S. japonicum tegumental 
protein-23 -large hydrophilic domain) antigens 
provided a great diagnostic performance, and 
recommended such test to be useful in serodiagnosis 
of schistosomiasis japonica in the Philippines. The 
recombinant S. japonicum cathepsin B (SJCatB) 
has shown great promise as a diagnostic antigen 

for an indirect ELISA assay: 100% sensitivity and 
95.0% specificity in experimentally infected mice; 
86.7% sensitivity and 96.7% specificity in human 
sera from Sorsogon Province (Macalanda et al., 
2019). An ELISA assay that combined the Sj23-LHD 
and SjSAP-4 had good diagnostic performance 
when compared to fecal droplet digital PCR (Cai et 
al., 2019). 

A positive COPT test is signified by the formation 
of a precipitate when a serum sample is exposed 
to lyophilized eggs (Weerakoon et al., 2015). The 
test has been noted to have high sensitivity and 
specificity but is labor-intensive, complex, and has 
a lengthy procedure (Weerakoon et al., 2015). 
Leonardo et al. (2015) used both ELISA and COPT 
with KK and ultrasonography in determining the 
prevalence of schistosomiasis in the new endemic 
foci of Gonzaga, Cagayan, and Calatrava, Negros 
Occidental. Belizario et al. (2018) assessed the 
diagnostic performance of parasitologic (KK, FECT) 
and serologic assays (COPT, Antibody and Antigen 
ELISA) and found that the ELISA tests had the highest 
sensitivities in near-elimination areas and endemic 
areas. They concluded that population screening 
of S. japonicum infections using serological assays 
may be of value in low-endemic areas in the country. 

Screening for circulating schistosome antigen 
can be done using monoclonal antibody-based 
antigen detection techniques (Utzinger et al., 2015; 
Ajibola et al., 2018).  These tests detect circulating 
anodic antigens (CAA) and circulating cathodic 
antigens (CCA) in serum or urine using an up-
converting phospho-lateral flow (UCP-LF) reporter 
technology (Utzinger et al., 2015). Point-of-care 
(POC) CCAs have been noted to have higher 
sensitivity than KK, and the lack of need for any 
special equipment make them more feasible for field 
use than molecular and serological assays (Ajibola 
et al., 2018; Diab et al., 2021). Perhaps the greatest 
advantage of CAA- and CCA-based assays is that 
they can detect active infections because CAA 
and CCA are only produced by live blood flukes, 
and their half-life in the circulation is relatively 
short (WHO, 2017). Although POC CCA has been 
appraised as a more sensitive replacement of KK 
in surveillance monitoring in endemic areas, it still 
needs to be validated for cross-reactivity against 
other trematodes in the Western Pacific Region, 
which may subvert the validity of its results (WHO, 
2017). A study found that a combination UCP-LF 
CAA and POC CCA had a sensitivity comparable 
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to triplicate KK in assessing schistosomiasis using 
urine samples from Indonesia and the Philippines 
(van Dam et al., 2015). Recently, a POC-CCA 
assay was found to have a sensitivity and specificity 
of 63.3% and 93.3%, respectively, in assessing 
schistosomiasis in a cohort with infection intensity 
of more than 10 egg per gram in Northern Samar 
(Cai et al., 2021). When compared to ELISA and 
ddPCR, the assay showed a low sensitivity and thus 
has a limited potential for routine use in areas of low 
infection intensity.

Imaging and Sonographic Techniques

Ultrasonography is a noninvasive, inexpensive, 
radiation-free, and mobile imaging tool for 
schistosomiasis diagnosis (Sah et al., 2015). The 
B-mode grayscale ultrasonography can be used 
to demonstrate hepatic lesions of schistosomiasis 
(Hashim & Berzigotti, 2021; Sah et al., 2015). 
Hepatic schistosomiasis is characterized by 
periportal fibrosis, which appears as echogenic 
pipe-stem fibrosis (Hashim & Berzigotti, 2021; 
Hussain et al., 1984). This method was used in 
Japan to monitor advanced hepatic fibrosis in 
formerly endemic areas (WHO, 2017). Target organ 
damage and peculiar calcifications (e.g., turtle 
shell-like septal calcification as seen in chronic S. 
japonicum infections) are findings often seen when 
using Computer Tomography (Sah et al., 2015). 
Magnetic Resonance Imaging (MRI) holds a special 
significance in diagnosing neuroschistosomiasis 
involving the brain and spinal cord (Sah et al., 2015). 
The value of sonographic tests is that they can 
demonstrate the pathology of the disease in affected 
organs in real-time. This is particularly helpful in 
determining the extent of hepatic damage that a 
schistosomiasis infection has caused. However, 
these advantages are undermined by the fact that 
other infectious and noninfectious conditions may 
manifest the same imaging results.

Molecular Techniques

DNA amplification assays have been at 
the forefront of schistosomiasis diagnostic 
advancements in recent years. These techniques 
have been noted to be more sensitive and specific 
than conventional copro-parasitological techniques 
(Weerakoon et al., 2015; Gordon et al., 2019). 
Hence, several Polymerase Chain Reaction 
(PCR)-based techniques that detect schistosome 
DNA have been developed, which include 

conventional PCR , quantitative PCR (qPCR), 
digital droplet PCR (ddPCR), Nested PCR, and 
Direct PCR (Weerakoon et al., 2015 & 2018a). 
Other amplification assays developed for assessing 
schistosomiasis morbidity include Loop-mediated 
isothermal amplification (LAMP) and recombinase 
polymerase amplification (RPA) (Weerakoon et al., 
2018a). Preferred schistosome target sequences 
in amplification assays should have two qualities: it 
must be species-specific and thus highly conserved, 
and it must have considerable copies, thus in great 
abundance (He et al., 2016). Pelovello et al. (2019) 
found that candidate primers for the cox1 and nad5 
mitochondrial genes were suitable for S. japonicum 
molecular diagnostics. The cox3 had a high 100% 
specificity when compared to KK and COPT using 
spiked stool and serum samples, but its sensitivity 
was low (Pelovello et al., 2019).

A recent advancement is the detection of 
Schistosoma cell-free DNA (cfDNA) using qPCR 
and ddPCR from a variety of samples (e.g., serum, 
urine, and saliva) (Ajibola et al., 2018; Weerakoon 
et al., 2017). This allowed the diagnosis of intestinal 
schistosomiasis using samples other than stool 
which can be of significance to epidemiologic 
studies wherein participants may hesitate to provide 
fecal samples repeatedly. More importantly, assays 
using cfDNA can detect both prepatent and patent 
S. japonicum infections. 

A couple of studies have utilized molecular 
methodologies to assess schistosomiasis in 
endemic foci, primarily in the hotspot provinces in 
Eastern Visayas.  Gordon et al. (2015a) assessed 
schistosomiasis in six barangays in Palapag, 
Northern Samar using KK and qPCR; the NADH 
dehydrogenase 1 (nad1) gene was amplified. An 
overall prevalence of 90.2% was detected using 
qPCR from 550 fecal samples, whereas KK only 
detected 22.9%. Another study utilizing multiplex 
qPCR to detect soil-transmitted helminthiases and 
schistosomiasis reported a prevalence of 90.64% in 
545 human fecal samples (Gordon et al., 2015b). 
In 2017, Weerakoon et al. assessed S. japonicum 
infections in 18 barangays of Laoang and Palapag, 
Northern Samar via ddPCR that detected cell-free 
Schistosoma DNA in 412 fecal, serum, urine, and 
saliva samples. The fecal ddPCR had the highest 
positivity rate at 74.5%, followed by serum ddPCR 
at 67.2%, urine ddPCR at 47.6% and saliva ddPCR 
at 25.5% (Weerakoon et al., 2017). Notably, using 
the same samples, co-parasitism with various 
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protozoans was found: 58.7% of the samples had 
Blastocystis spp., 21.8% had Cryptosporidium spp., 
12.1% had amoebiasis, and 19.2% had giardiasis 
(Weerakoon et al., 2018b). These studies proved 
that high polyparasitism occurs in schistosomiasis 
endemic foci in the country. Co-infections of multiple 
parasitic agents can have profound implications on 
the health of inhabitants in endemic areas which are 
often poverty-stricken.

The aforementioned studies had yet again 
proved that molecular methods are far more 
sensitive than the conventional KK and serological 
techniques. Interestingly, although studying only a 
small fraction of the country's endemic areas, all 
of these molecular schistosomiasis studies seem 
to contradict the reported national schistosomiasis 
surveys that used KK, making one question the 
latter's validity and value in baseline prevalence 
studies (Olveda et al., 2016). Despite their plentiful 
advantages, some major drawbacks inhibit the 
routine utilization of molecular techniques in the 
country. Financial constraints and the lack of trained 
personnel are problems in the disease detection arm 
of the country's schistosomiasis control program 
(Leonardo et al., 2016). The need for expensive 
equipment (e.g., thermocycler) and extensive 
training for technicians are significant cons. Also, the 
expensive DNA isolation and preservation kits add 
to the already expensive cost of running DNA-based 
assays. 

Other Uses of Molecular Techniques

Molecular techniques have also been utilized 
in detecting S. japonicum and O. hupensis quadrasi 
eDNA in the Philippines. Fornillos et al. (2019b) 
reported a method of assessing S. japonicum and 
O. hupensis quadrasi eDNA from environmental 
water samples from different endemic foci in the 
county. They used a qPCR assay that targeted 
the cytochrome c oxidase subunit 1 (cox1) gene. 
In another study, Calata et al. (2019) reported 
that qPCR was better than cPCR in detecting O. 
hupensis quadrasi eDNA from soil samples from two 
endemic barangays in Gonzaga, Cagayan. Also, 
they found that edaphic factors such as increased 
pH, phosphorous, zinc, copper, and potassium 
content lead to increased eDNA detection, which 
may indicate that these factors favor snail habitation. 
Aside from these, other uses of molecular methods, 
such as genetic characterization, have given 
some valuable insights on schistosomiasis in the 

country. Moendeg et al. (2017) genotyped parasite 
samples obtained from different endemic locales 
using different microsatellite loci. They found that 
S. japonicum from areas with high schistosomiasis 
prevalence in humans and snails have higher 
genetic diversity, while the reverse was true for 
low prevalence areas. Thus, they posited that the 
ongoing gene flow brought about by the active 
movement of infected humans and animals from 
one endemic area to another may explain why S. 
japonicum transmission continues to persist despite 
the control measures (i.e., mass drug administration) 
that were being implemented.

Control and Elimination Efforts
Various control and elimination efforts have 

been put into place with the goal of eliminating S. 
japonicum infections in China, the Philippines, and 
Indonesia and S. mekongi in Lao PDR and Cambodia. 
These include preventive chemotherapy or mass 
drug administration (MDA) among inhabitants of 
high-risk areas, provision of WASH facilities and its 
many iterations, snail control programs, community 
education towards behavioral modification, and 
veterinary management of animal reservoir hosts 
(WHO, 2017, 2021). Vaccine development against 
schistosomiasis for humans and reservoir animals, 
specifically water buffaloes, are ongoing. Elimination 
of schistosomiasis transmission in the Western 
Pacific Region was targeted to be accomplished 
by 2025, with validation by 2030 (Leonardo et al., 
2020b; WHO, 2017). Earlier this year, however, the 
WHO (2021) launched the roadmap for the control 
and elimination of NTDs by the year 2030. According 
to the roadmap, schistosomiasis is targeted to be 
eliminated as a public health concern–the reduction 
of the proportion of those with heavy intensity 
infections to less than 1% (Casulli, 2021; WHO, 
2021). This section briefly describes various anti-
schistosomiasis control and prevention measures 
instituted in the Philippines and in other countries.

Clinical Treatment  and Mass Drug 
Administration

Praziquantel is the drug of choice against 
schistosomiasis (Bauerfeind, et al., 2016; Yu et 
al., 2021). It is effective against the five major 
schistosome species affecting humans, but its 
efficacy depends on the dose (Olveda et al., 2014; 
Yu et al., 2021). A clinical trial conducted in the 
Philippines established that the dose of 40 mg∙kg–1  
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of Praziquantel is effective and is better tolerated for 
mass drug administration (MDA) than the alternative 
dose of 60 mg∙kg–1 (Olveda et al., 2014). However, 
the latter dose was used to treat in clinical cases 
(i.e., KK positive patients), and is given two times 
fortnightly as per national regulation (Olveda et al., 
2014).

Praziquantel is also the drug of choice for MDA 
against schistosomiasis (Leonardo et al., 2016; 
WHO, 2017). Eliminating the risk of schistosomiasis 
morbidity is the goal of community-based drug 
administration using Praziquantel (Inobaya et 
al., 2015; Olveda & Gray 2019). The drug was 
introduced in 1979 in the Philippines (Inobaya et al., 
2015). Its introduction marked a shift in the control 
measures employed against schistosomiasis: from 
expensive snail control to active case finding and 
treatment with praziquantel (Inobaya et al., 2015; 
Leonardo et al., 2016, 2020b). In 1996, the DOH 
replaced the latter with MDA in all endemic areas, 
especially if the passive prevalence was >10% 
(Inobaya et al., 2015). Since then, MDA has been 
the backbone of schistosomiasis control for over 
two decades (Inobaya et al., 2015). At least eighty-
five percent (85%) coverage was the target in high 
endemicity areas (Leonardo et al., 2016; Inobaya et 
al., 2018). Considerable reduction in the prevalence 
of schistosomiasis in endemic regions has been 
attributed to protracted MDA (Inobaya et al., 2015; 
Leonardo et al., 2016; Olveda & Gray, 2019). 
However, it has been noted that if the goal is the 
elimination of schistosomiasis as a public health 
concern in the country (i.e., prevalence of < 1% in 
the country), MDA will not suffice as the sole bullet 
in the fight against schistosomiasis (Inobaya et al., 
2015; Olveda & Gray 2019). 

The protracted MDA programs in highly 
endemic areas have prompted the development 
of ‘MDA-fatigue,’ resulting to non-compliance 
(Inobaya et al., 2015). Concerning this, Inobaya et 
al. (2018) conducted a cross-sectional study that 
assessed factors associated with non-compliance 
to MDA in Northern Samar. They found an overall 
non-compliance rate of 27%; a greater percentage 
of these were women. Among the reasons for non-
compliance raised by the study subjects were fears 
of adverse reactions and misconceptions about the 
use of the drug for non-deworming purposes. 

Praziquantel treatments in animal reservoir 
hosts, most notably among water buffaloes, were 
also considered in China (Cao et al., 2017; WHO, 

2017). The drug is used in reservoir host MDA efforts 
at doses of 30 mg∙kg–1 to 10 g PO for cattle, 25 
mg∙kg–1 to 10 g PO for water buffaloes, 60 mg∙kg–1 
PO for pigs and 25 mg∙kg–1 PO for horses (Cao et 
al., 2017;  WHO, 2017).

Snail Control Measures

Control and prevention measures targeting the 
snail intermediate hosts were the earliest thrusts 
against schistosomiasis prior to the discovery and 
use of praziquantel as an anti-schistosome agent. 
Measures included environmental modification and 
the application of molluscicide to reduce the number 
of intermediate hosts (Esquilla et al., 2021; Leonardo 
et al., 2020a; WHO, 2017). The WHO recommends 
the use of niclosamide, which is applied directly to 
the snail-infested environment, as a means of snail 
control in endemic countries; concentrations of 0.6-
1 mg∙L–1 were found to be effective (Leonardo et 
al., 2020a). However, the use of niclosamide may 
lead to harmful environmental effects (Esquilla et al., 
2021; Leonardo et al., 2020a).

 In Japan, snail control became the main mode of 
S. japonicum infection control. Measures employed 
included concreting ditches, applying molluscicides, 
and using flame throwers to kill snails and converting 
agricultural lands from wet rice production to dry fruit 
tree cultivation (WHO, 2017). These efforts reduced 
the population and distribution of snail intermediate 
hosts leading to schistosomiasis elimination in 
Japan in 1996 (WHO, 2017). China also had its fair 
share of snail control efforts implemented. Among 
these were ecological control with agricultural land 
use conversion, water resource projects, forestry 
projects, mechanical control using black plastic 
films for heat treatment, and chemical molluscicides 
(McManus et al., 2010; WHO, 2017). These measures 
have also successfully reduced the population of 
two of the four known intermediate hosts in China 
(Gordon et al., 2019). Both China and Japan have 
proven that controlling the snail intermediate hosts 
population leads to reduced human infection rates 
(WHO, 2017). However, snail control programs put 
much financial burden on the already limited funding 
of schistosomiasis control efforts in developing 
countries (Leonardo et al., 2020b).
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Safe Water, Sanitation and Hygiene, and  
Community Education (WASHED)

The provision of clean water and the practice of 
adequate sanitation and proper hygiene are integral 
to the control and elimination of NTDs (Boissier et al., 
2016; WHO, 2015). Thus, WASH is one of the five 
public health interventions advocated by the WHO 
for the control and elimination of NTDs, together with 
disease management and rehabilitation, preventive 
chemotherapy or MDA, vector control, and veterinary 
public health (Tenorio & Molina, 2021; WHO, 2015, 
2020b). Regarding schistosomiasis and WASH, a 
meta-analysis by Grimes et al. (2014) revealed that 
the odds of acquiring schistosomiasis for those with 
safe water supplies and practiced proper sanitation 
were significantly less than those who do not. They 
had proven that access to clean water and proper 
hygiene are important protective factors that lessen 
the odds of developing schistosomiasis.

In countries affected by S. mekongi like 
Lao PDR and Cambodia, MDA is paired with 
Community-Led WASH (CL-SWASH) initiatives 
to eliminate schistosomiasis (Khieu et al., 2019). 
Lao PDR’s approach is a multi-risk management 
approach involving community participation geared 
towards environmental health risk assessment of 
schistosomiasis transmission (Khieu et al., 2019). 
The key goals of their Water Safety Plan were 
increasing access to clean water through improving 
hydro-infrastructure and eliminating open defecation 
to interrupt transmission among inhabitants of 
endemic areas (Khieu et al., 2019). 

In the Philippines, several WASH efforts have 
been enacted to combat prevalent helminthiases, 
including schistosomiasis. In 2006, the Integrated 
Helminth Control Program (IHCP) was launched 
to control soil-transmitted helminths and other 
helminthiases (DOH, 2006). Access to safe 
water, community toilets and latrines, and school-
supervised WASH practices were advocated 
by different local government units and national 
departments through the IHCP (DOH, 2006). The 
Community-Led Total Sanitation (CLTS) program 
aimed to eliminate open defecation, provide hygiene 
facilities, practice hygienic food handling, implement 
proper waste disposal, and provide a clean and 
safe environment was launched in 2007 (DOH, 
2010). The education sector also had its fair share 
of WASH initiatives, including the Implementation 
of the Essential Health Care Program (EHCP) and 
WASH in Schools (WINS) program – these programs 

provided WASH facilities in schools, highlighted 
health education in the basic education curriculum, 
and facilitated deworming efforts among pre-school-
aged and school-aged children (Belizario et al., 
2013; Philippine Department of Education (DepEd), 
2009, 2016). Also, the Philippines is an awardee of 
the Sustainable Development Goals (SDG) fund, 
specifically to achieve Goal 6, which pertains to 
Sustainable Water and Sanitation. The iWASH 
(Integrated Safe Water, Sanitation and Hygiene) 
program is a multi-sectorial initiative supported by 
the Spanish Government, various United Nations 
sub-organizations, many Departments and offices 
of the Philippine government, private organizations, 
and community groups, especially women. The 
program aims to promote Water and Sanitation 
Access, Integrity, Empowerment, Rights and 
Resiliency (Pro-WATER). Program beneficiaries 
include municipalities in the schistosomiasis endemic 
provinces of Northern Samar and Zamboanga. 
Molina et al. (2021) assessed the status of WASH 
practices in endemic barangays in Davao region 
and compared it to national and global WASH 
targets. They reported that access to improved water 
sources, sanitary toilet coverage, and hand washing 
facilities with soap within households in the studied 
barangays were below the national guidelines and 
global recommendations. 

Schistosomiasis Transmission Interruption 
by 2025: The Target

Despite the COVID-19 Pandemic, the 
Philippine Schistosomiasis Control and Elimination 
Program remains hopeful that it can achieve its 
goal of schistosomiasis transmission interruption by 
2025. To enable this, the DOH has institutionalized 
its 7-year (2019-2025) Strategic Plan towards 
transmission interruption of schistosomiasis infection 
in the country (DOH, 2020). The main goal is to 
attain zero schistosomiasis incidence in humans 
and animal reservoir hosts, and zero infection rate 
in snail intermediate hosts in endemic communities 
by 2025 (DOH, 2020). Moreover, schistosomiasis 
endemic barangays (communities) would be the 
implementation unit of integrated intervention 
packages that are customized to their endemicity 
status. Also, focal schistosomiasis surveys and 
updating of snail maps will be enacted in these 
endemic communities. Lastly, the Department of 
Agriculture (DA), specifically through the Bureau of 
Animal Industry (BAI), and the Local Government 
Unit (LGU) Veterinary offices will be engaged for 
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capacity building in handling animal schistosomiasis 
(DOH, 2020).

Conclusion
The Philippines has had a long-standing 

battle to eliminate schistosomiasis. The current 
national prevalence data indicate that the country 
has reached infection control level. However, the 
decreasing sensitivity of the feco-assays in areas 
of low endemicity warrants care in interpreting 
the results of epidemiologic studies that utilize 
it. Hence, MDA must continue in highly endemic 
areas despite reports of MDA fatigue resulting in 
non-compliance. The development of cheaper yet 
more sensitive and specific tests give a glimmer 
of hope on the diagnostics front. The underfunded 
schistosomiasis control program of the country 
needs much political commitment: from the national 
government down to the local leaders of endemic 
communities. A One Health approach that will 
engage the communities and their leaders, medical 
professionals, veterinarians, malacologists, and 
environmental scientists is essential in achieving the 
goal of parasite transmission interruption by 2025 in 
the Philippines and be one with the global goal of 
eliminating the illness as a public health concern by 
2030.
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