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ABSTRACT 
 
Schistosomiasis is an endemic parasitic disease in the Philippines 
with reported high prevalence in the Caraga Region. As an 
agricultural region with abundant rice fields, there is a greater risk 
of infection because rice fields are favorable transmission 
environments for schistosomiasis. Rats, commonly present in these 
rice fields, are possible carriers of zoonotic diseases. This study 
aimed to describe zoonotic helminths in rats from seven 
municipalities of Agusan del Sur and Surigao del Norte. Rats were 
collected using cage traps placed in selected rice fields. Dissection 
of captured rats, tissue digestion, and coprological techniques were 
done to recover parasites. Locations of S. japonicum-positive rats 
were mapped with snail habitats and S. japonicum-positive 
households to assess possible transmission links. A high percentage 
of rats (94.6%) harbored helminths such as Capillaria hepatica, 
Hymenolepis diminuta, Angiostrongylus cantonensis, Echinostoma 
spp., Taenia taeniaeformis, Raillietina spp., Artyfechinostomum 
malayanum, Aspicularis tetraptera, Trichuris sp., Syphacia sp., 
Physaloptera sp., Rictularia spp., and Nippostrongylus sp. Among 
the 74 rats examined, 39.2% were positive for S. japonicum eggs, 
with higher occurrence in Agusan del Sur (51.1%). Spatial 
mapping revealed that most S. japonicum-positive rats were located 
near infected households and snail sites, thus highlighting their role 
as schistosomiasis sentinels for identifying areas of active S. 
japonicum transmission in the environment and the need for 

integrated One Health approaches for schistosomiasis surveillance 
and intervention. 
 
  
INTRODUCTION 
 
In the Philippines, wild rats are considered major pests because 
they cause both direct and indirect damage to property and crops, 
contaminate food and animal feeds, and act as carriers of several 
diseases (Cuaterno, 2008; Meerburg et al., 2009). Human 
infections involving rats may occur from bites, consumption of 
food products or water contaminated with rodent excreta, or 
through their ectoparasitic arthropod vectors. Rats also play an 
important role in maintaining pathogen transmission cycles in 
several environments, such as densely populated urban areas, rural 
areas and natural habitats (Himsworth et al., 2013). Zoonotic 
pathogens that have been reported in rats include helminths such as 
Trichinella spp., Angiostrongylus cantonensis, Capillaria hepatica 
(syn. Callodium hepaticum), Hymenolepis spp., Raillietina spp., 
Fasciola spp., Paragonimus sp., Echinostoma spp., and 
Schistosoma spp. (Eduardo et al., 2008; Himsworth et al., 2013). 
These parasites can cause morbidity in both humans and animals. 
 
The zoonotic blood fluke, S. japonicum, remains endemic in many 
provinces of the Philippines. Approximately 12 million Filipinos 
are at risk and about 2.5 million individuals are directly exposed to 
the disease (Leonardo et al., 2016), making it a public health 
concern in the country. The Caraga region (Region 13) in 
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Mindanao has the highest reported human prevalence among other 
regions of the island of Mindanao (Leonardo et al., 2012). 
 
Infection with Schistosoma japonicum occurs through contact with 
freshwater containing infective cercarie relased by fershwater 
snails (intermediate host). After penetrating the skin, the parasite 
migrate and mature into adult schistosomes in the mesenteric veins, 
where the females release eggs. These eggs are excreted in the 
host’s feces. Once in the water, they hatch into miracidia that will 
infect freshwater snails, thereby maintaining the transmission cycle 
(Ross and Yuesheng, 2016). Farmers are at greater risk since rice 
fields are known to be favorable locations for the transmission of 
Schistosoma japonicum (Yi-Xin and Manderson, 2005). The 
abundance of pest rats in these areas may be of concern as they may 
play a role in the pathogen transmission cycles.  
 
There is still a lack of information about the helminth infection of 
rats in some areas of Mindanao, particularly the Caraga Region, 
which is abundant in rice fields near human habitations. Thus, the 
present study aimed to fill this knowledge gap by identifying 
helminth fauna of rats spieceis sampled from rice fields in the 
region and describe S. japonicum infection in rats. Increased 
knowledge of the presence of zoonotic parasites in these rodents 
can benefit public health by evidence-based implementation of the 
most appropriate control measures for this region and communities.  
 
 
MATERIALS AND METHODS 
 
Ethical statement  
All protocols involved in the handling of rats in this study were 
approved by the Institutional Animal Care and Use Committee 
(IACUC) of the University of the Philippines Los Baños (UPLB) 
(Ref. No.: CAS-2018-020). A gratuitous permit (Ref No. R-13-
2019-57) from the Department of Environment and Natural 
Resources in the Caraga Region (DENR-13) was obtained before 
rat trapping.  
 
Study area and sampling  
In this study, seven municipalities were selected as sampling sites: 
namely the municipalities of Bunawan, Trento, and Esperanza of 
Agusan del Sur, and the municipalities of Mainit, Gigaquit, Claver 
(mainland) and San Isidro (island) of Surigao del Norte. For each 
municipality, one barangay was selected as a trap site.  
 
In these areas, rat traps were placed in rice fields near selected 
households from the concurrent study (Paller et al., 2025) between 
August 2019 and February 2021. Rectangular metal traps baited 
with fried fish were used (as previously described by Aplin et al., 
2003).  
 
The traps were placed in the evening, approximately 25 meters 
apart from each other and 100 meters away from the residential 
areas depending on local topography and then retrieved in the 
morning of the following day. 
 
Captured rats were transported to the laboratory and humanely 
euthanized by cervical dislocation for smaller rats (<150 g) or 
intraperitoneal overdose of pentobarbital sodium (Dolethal®, 
Vetoquinol UK Ltd.) dosed at 200mg/kg (Close et al., 1996) for 
larger rats. 
 

 
Figure 1: Map illustrating the study sites where rat samples were 
collected in Caraga Region, Mindanao. 

Rat Species identification  
All captured rats (n=74) were humanely euthanized by a licensed 
veterinarian through the method approved by UPLB IACUC and 
in accordance with the guidelines of Department of Agriculture-
Bureau of Animal Industry, Administrative Order No. 40-99 
(1999). Morphometrics such as sex, weight, total body length 
(TBL), fur color, and other details such as place of collection were 
recorded. Rat species were identified using the Synopsis of 
Philippine Mammals by Heaney et al. (2010) as a reference and 
with the aid of a rodent expert in UPLB.   
 
Animal dissection  
Dissection of rats was done according to the protocol (as described 
by Aplin et al., 2003; Herbreteau et al., 2011; Parsons et al., 2016). 
Briefly, the animal was placed on its ventral side on the dissecting 
tray, limbs fixed with dissecting pins. The skin of the lower part of 
the abdomen was lifted using forceps and was cut using scissors, 
extending the cut through the skin and abdominal musculature until 
the abdominal contents were exposed. Next, rectum was tied off 
and cut above the tie. The gastrointestinal tract (GIT) was separated 
from the abdominal cavity and placed in a sealable container with 
95% ethanol. The liver was separated from the GIT and placed in 
a sealable plastic bag. The lungs and heart were separated from the 
thoracic cavity and were placed in separate sealable plastic bags. 
Lungs, heart, and liver were frozen (-20 °C) prior to transport. The 
collected visceral organs were then transported to the laboratory for 
further parasitological examination. 
 
Harvest of Parasites and Identification  
The GIT, heart, lungs, and liver of the rat were examined for adult 
worms, however, vascular perfusion of the mesenteric and portal 
veins was not done prior to organ dissection. Collected worms were 
preserved in 100% ethanol for intended molecular analyses. 
Additionally, the heart, lungs, and liver, which are other known 
predilection sites of parasites in rats, were artificially digested 
separately with pepsin-HCl solution with a magnetic stirrer on a 
hot plate at 37oC for one hour. Digested samples were filtered using 
1 mm stainless steel mesh sieve and placed in a petri dish for 
microscopic examination of larvae. A portion of the intestinal 
content was collected and transferred into a test tube. Normal saline 
was added, stirred, and filtered using a 125 µm stainless steel mesh 
sieve. The filtrate was then centrifuged at 1500 rpm for 5 minutes 
and supernatant was discarded. A drop of the sediment was then 
placed on a slide. Slides were examined at 100× and 400× 
magnification for parasite ova identification (Zajac and Conboy, 
2021) Ova and larvae were identified by comparing their sizes and 
morphological features as previously described by Yamaguti 
(1958; 1959; 1961) and Eduardo et al. (2008).  
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Mapping of sites 
The GPS locations were collected during collection of trapped rats 
using handheld GPS (Garmin eTREX 20). Secondary data on S. 
japonicum-positive snail sites were obtained from the Department 
of Health (unpublished data). These data were derived from 
routine, risk-based malacological surveillance conducted under the 
national Schistosomiasis Control and Elimination Program. 
Household-positive sites were obtained from a concurrent study of 
Paller et al. (2024), wherein both human and animals in the 
households were tested for S. japonicum using Kato-Katz, 
sedimentation, and flotation techniques. 
 
 
 

Statistical analysis  
All analyses were performed using statistical software (StataCorp, 
2019). Frequencies and occurrence of S. japonicum infection and 
other helminths were computed per municipality, sex, and species. 
Fisher’s Exact Test at 5% significance level was used to test  
differences among variables.  
 
 
RESULTS AND DISCUSSION 
 
A total of 74 rat samples were collected and examined, in which 
four (4) rat species were observed, namely: Rattus tanezumi, R. 
argentiventer, R. norvegicus and R. exulans (Table 1). 
 

Table 1: Number of rat samples collected from selected study sites in Caraga Region, Mindanao, Philippines. 
Rat Species Study Sites Total 

Agusan del Sur Surigao del Norte 

R. argentiventer 10 7 17 

R. exulans 10 2 12 

R. norvegicus 2 4 6 

R. tanezumi 26 13 39 

Total 48 26 =74 

Initial laboratory analysis revealed that trematodes, cestodes, and 
nematodes infected rats. Among the 74 rats examined, 70 (94.6%) 
were infected with parasites, in which 14 species of helminths were 
observed, namely: Capillaria hepatica, Hymenolepis diminuta, 
Schistosoma japonicum, Angiostrongylus cantonensis, 
Echinostoma spp., Trichuris spp., Taenia taeniaeformis, 
Raillietina spp., Artyfechinostomum malayanum, Aspicularis 
tetraptera, Physaloptera sp., Syphacia sp.  Rictularia sp., and 
Nippostrongylus sp. (Table 2), which were also detected in 
different species of rats in some areas of the Philippines (Jueco and 
Sabala, 1990; Eduardo et al., 2008; Florague et al., 2009; Carabin 
et al., 2015; Tujan et al., 2016, Claveria, 2017). This overlap 
demonstrates that the diversity of rodent-borne helminths observed 
in the region does not differ from previous findings across the 

country, and that rats are significant reservoirs and hosts of these 
parasitic infections. Other helminth species detected in rats in other 
parts of the Philippines, which were not detected in this study, 
include Capillaria gastrica, Anatrichosoma sp., Filaroides sp., 
Globocephalus sp., Gongylonema neoplasticum, Hepatojarakus 
malayae, Heterakis spumosa, Protospirura muricola, Rictularia 
tani, Squamanema sp., Syphacia muris, Trichosomoides 
crassicauda, Euparyphium spp., Plagiorchis spp., Strongyloides 
sp., and Paragonimus westermani. (Jueco and Sabala, 1990; 
Eduardo et al., 2008; Florague et al., 2009; Carabin et al. 2015, 
Claveria, 2017) 
 
 

Table 2: Helminth parasites recovered from captured rats (n=74) from selected municipalities of Caraga region, Philippines 

Helminth Species Parasite Stage Organ 
Location Occurrence (%) 

Trematode    

Schistosoma japonicum  Ova Liver 
Lungs 39.19 

Echinostoma spp. Adult Small 
intestine 12.20 

Artyfechinostomum malayanum Adult Small 
intestine 1.35 

Cestode    

Hymenolepis spp. Adult & Egg Small 
intestine 22.97 

Taenia taeniaformis (strobilocercus fasciolaris) 
 Larva/Metacestode Liver 20.27 

Raillietina spp. Adult Small 
intestine 6.76 

Nematode    

Angiostrongylus cantonensis Larvae (L1) / Adult Lung 58.11 
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Calodium hepaticum (=Capillaria hepatica) Ova Liver 12.16 

Nippostrongylus sp. Adult Small 
intestine 12.16 

Trichuris sp. Ova Small 
intestines 9.46 

Syphacia sp. Adult Small 
intestine 6.76 

Physaloptera sp. Adult Stomach 1.35 

Rictularia sp. Adult Small 
intestines 1.35 

Aspicularis tetrapetra Adult Small 
intestines 1.35 

High parasitism (57.7-100%) in captured rats was also observed in 
previous studies in some areas of the Philippines and neighboring 
southeast Asian countries (Namue and Wongsawad, 1997; Chasiri 
et al., 2012; Mohd Zain et al., 2012; Ribas et al., 2016; Claveria, 
2017; Chasiri et al., 2017). Thirteen (13) species of helminths were 
identified which were also reported in several related studies across 
the country (Jueco and Zabala, 1990; Claveria et al., 2005; Eduardo 
et al., 2008; Claveria, 2017; Quilla and Paller, 2020). In this study, 
all captured R. argentiventer species were positive for helminth 
infection, indicating a high infection rate in this species. However, 
R. tanezumi species was found to have a more diverse helminth 
fauna. A study conducted by Chaisiri et al. (2015) on wild-caught 
murid rodents (forest, non-flooded land, irrigated land, and human 
settlements in seven localities of Thailand, Cambodia, and Lao 
PDR) has identified that R. tanezumi plays a central role as a 
reservoir of zoonotic helminths. However, in this study, no 
significant statistical association (p>0.05) between species, sex, 
and helminth infection in rat hosts was observed, likely due to the 
small sample size.  
 
In this study, it was observed that A. cantonensis, S. japonicum, and 
Hymenolepis spp. were the parasites that occurred the most (Table 
2). These parasites are zoonotic and therefore pose risks to human 
health. A. cantonensis is the major cause of eosinophilic meningitis 
in humans (Lv et al., 2017). Occurrences of A. cantonesis have also 
been reported in rats and snails in the northern island of the 
Philippines, Luzon (Castillo and Paller, 2018; Estaño et al., 2021) 
and in rats from southern islands in the Philippines, Mindanao 
(Estaño, 2023), suggesting endemic transmission not only in Luzon 
islands but also in Mindanao, where rats from this study were 
collected.  Humans can be infected with H. diminuta by ingestion 
of infected arthropods containing cysticercoids, although cases for 
both zoonotic diseases are uncommon. Since human cases from the 
Philippines have been reported (Riley and Shannon, 1922; de Leon, 
2004; Lammers et al., 2015), it is still of public health concern and 
warrants continued surveillance as these mentioned zoonotic 
parasitic diseases might be underdiagnosed (Khamsai et al., 2022; 
Mijatović et al., 2024). 
 
Schistosoma japonicum eggs were recovered from the livers of 29 
rats (39.19%). The absence of recovered adult S. japonicum worms 
may be attributed to the omission of vascular perfusion prior to 
ethanol preservation of organs and dissection, the ethanol 
preservation applied in the study, and the possible low adult worm 
burden typically observed in less-permissive hosts such as rats (He 
et al., 2001), making egg detection a more reliable indicator of 
infection. It was noted that rats from municipalities of Agusan del 
Sur had higher S. japonicum infection, however, no statistically 
significant difference between S. japonicum occurrence and 
location was observed, likely due to sample size collected from that 
location (Table 3). A study by Leonardo et al. (2008) reported that 
the province of Agusan del Sur has the highest prevalence of 
schistosomiasis japonicum in humans (3.95%). In this study, rats 
in municipalities from Agusan del Sur showed higher occurrence 
of S. japonicum than those in Surigao del Norte, indicating that 

there is high transmission of S. japonicum not only to humans, but 
also to other mammalian hosts in the rice fields of Agusan del Sur. 
 
Table 3: Occurrence of S. japonicum based on species, location, and sex 
of rats (n=74) from selected municipalities of Caraga Region, Philippines. 

 Occurrence p-value 

Rat Species 

Rattus argentiventer 
(n=17) 

Rattus norvegicus 
(n=6) 

Rattus tanezumi (n=39) 
Rattus exulans (n=12) 

4 (23.53%) 
 

1 (16.67%) 
 

20 (51.28%) 
4 (33.33%) 

0.16 

Location 

Bunawan (n=9) 
Claver (n=8) 

Esperanza (n=35) 
Gigaquit (n=5) 
Mainit (n=6) 

San Isidro (n=7) 
Trento (n=4) 

2 (22.22%) 
1 (12.50%) 
18 (51.43%) 
1 (20.00%) 
2 (33.33%) 
2 (28.57%) 
3 (75.00%) 

0.19 

Sex 

Female (n=28) 
Male (n=46) 

11 (39.29%) 
18 (39.13%) 

1.00 

 

 
Figure 2: Representative microphotograph of Schistosoma japonicum 
egg (79.06µm × 47.06µm) recovered from digested liver sample of Rattus 
tanezumi (40×) 
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Maps of the capture locations of S. japonicum-positive rats, snail, 
and household sites illustrated possible transmission sites for 
infection (Figures 3-4). In the maps of Agusan del Sur, it was 
observed that S. japonicum-positive households were in close 
proximity with the “sites with S. 
japonicum–positive rats and nearby S. japonicum–positive snail 
habitats (Figure 3). It was noted that in Trento, no snail-positive 
sites were documented or identified by the surveillance program. 
As for the municipalities of Surigao del Norte, S. japonicum-
positive households in Mainit and San Isidro were near the rat-
positive sites, while in Gigaquit, rat-positive sites were near snail-
positive sites (Figure 4). The role of rats in the transmission of S. 
japonicum infection may vary from one endemic region to another. 
Rudge et al. (2008) have described in their study in Samar 
province, Luzon Islands, Philippines, that rat infection may be 
weakly associated with human infection and suggested that rats are 
good indicators of the presence of the snail vectors, but may not 
share with humans the same strain of S. japonicum. However, the 
presence of a sizable population of S. japonicum-infected field rats 

in endemic areas might still pose a risk to public health. Other 
studies in the Philippines, particularly in Samar, have suggested 
that rats may play an important role in the transmission of S. 
japonicum in endemic villages (Fernandez, et al., 2007; Riley et al., 
2008; Carabin et al., 2015).  
 
A recent review by Tabilin et al. (2025) further discussed the 
epidemiological role of rats in S. japonicum transmission, although 
rats are considered non-permissive hosts due to their limited 
capability to produce viable schistosome eggs because of their 
biology, findings from transmission models have demonstrated 
associations between rodent and human infections.  This may be 
evidenced by this study’s findings where most S. japonicum-
positive rats were located near S. japonicum-positive households. 
However, schistosomiasis transmission in rats may still vary 
depending on ecological conditions in endemic areas in the 
Philippines.  
 

 
Figure 3: Maps showing Schistosoma-positive rats in relation to snail and household Schistosoma-positive sites in selected municipalities of Agusan 
del Sur, Caraga Region, Philippines.

 
Figure 4: Maps showing Schistosoma-positive rats in relation to snail and household Schistosoma-positive sites in selected municipalities of Surigao 
del Norte, Caraga Region, Philippines.
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Rodents can be considered as important schistosomiasis sentinels 
for identifying areas of transmission in the environment. The 
findings of this study provide field-based evidence of this, as most 
S. japonicum-positive rats were near S. japonicum-positive 
households and snail habitats. Rodent infection data can help 
identify potential S. japonicum environmental exposure hotspots 
and inform more targeted surveillance and control strategies. 
Rodents may also serve as complementary indicators of active 
transmission areas, especially in cases where malacological data 
may be limited.   
 
 
CONCLUSION 
 
This study provides field-based evidence that rats can serve as 
useful sentinels for identifying schistosomiasis transmission 
hotspots in the environment. The close spatial association between 
S. japonicum-infected rats, positive households, and documented 
snail habitats indicates that rodent infections reflect active 
transmission areas. Surveillance of zoonotic parasites in local 
rodent populations can be beneficial to determine sources of 
environmental contamination and parasite transmission in a 
particular endemic area. And design more focused surveillance 
efforts and control strategies specific to local communities. A One-
Health approach in the control of schistosomiasis is highly 
recommended. Further molecular studies to identify genetic 
similarities of parasites between humans and rats are recommended 
to further understand their role in the maintenance of the parasite 
life cycle and transmission.  
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APPENDIX 
 

 
Figure 5: Representative microphotograph of the anterior region of 
Euparyphium (=Echinostoma) ilocanum from Rattus argentiventer, R. 
norvegicus, and R. tanezumi (Aceto-carmine stain, 400x). Note  the 
presence of collar spines around the oral suckers (white arrow). 
 

 
Figure 6: Microphotograph of the anterior region of a single specimen of 
Artyfechinostomum malayanum from Rattus argentiventer. Head collar is 
not in focus but the cirrus sac (pointed) extends posterior to the ventral 
sucker (acetabulum) (Aceto-carmine stain, 400x). 

 
Figure 7: Gravid proglottid of Raillietina garrisoni. from R. norvegicus. 
Note the location of the genital pore in the anterior margin (pointed) (left) 
and the armed rostellum (pointed) (right) (Aceto-carmine stain, 40x). 

 
Figure 8: Representative microphotograph of Hymenolepis spp. 
immature proglottids from Rattus argentiventer, R. norvegicus, and R. 
tanezumi (Aceto-carmine stain, 400x). 

 
Figure 9: Representative gross photograph (A) of whole rat liver with 
multiple strobilocercus fasciolaris (some are pointed), the metacestode 
or cyst of the cat tapeworm, Taenia taeniaformis and an isolated cyst (B). 

https://doi.org/10.1016/j.actatropica.2005.07.015
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Figure 10: Microphotograph of adult male Aspiculuris tetraptera from 
Rattus tanezumi. Note cervical ala (red arrow), esophageal bulb (blue 
arrow), caudal papillae (black arrow), and absence of spicules 
(Unstained,400x). 

 
Figure 11: Microphotograph of the anterior region of representative 
Syphacia sp. From Rattus norvegicus and R. tanezumi. Note the absence 
of cervical alae (left) and the vulva located at the anterior portion of the 
body (arrow) (right). (Unstained, 400x). 

 
Figure 12: Microphotograph of the female (left: top and bottom) and male 
(right) adult Nippostrongylus brasiiensis from various R. argentiventer 
and R. tanzumi species. Note the presence of cuticular expansion at the 
anterior (black arrow), eggs (red arrow) at the posterior region of the 
female worm, and presence of bursa (yellow arrow) and spicule (blue 
arrow) at the posterior region of the male worm. (Unstained, 40x). 

 
Figure 13: Microphotograph of a Angiostrongylus cantonensis L1 
obtained after digestion of lungs in several species of R. argentiventer, 
R. exulans, R. norvegicus, and R. tanezumi. (Unstained, 400x). 

 
Figure 14: Representative Calodium hepaticum (=Capillaria hepatica) 
ova. obtained after digestion of liver samples from several species R. 
argentiventer and R. tanezumi. Note that the polar plugs at both ends of 
the ova (yellow arrows). Are not prominent (A); C. hepaticum ova and S. 
japonicum ovum (B) (Unstained, 100x). 
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Figure 15: Physaloptera sp. adult recovered from stomach R. norvegicus 

 
Figure 16: Microphotograph of female adult Rictularia sp. from R. tanezumi (note the buccal cavity (blue arrow) at the anterior portion (A) and the 
papillae (red arrow). Posterior end (B) with thick shelled egg (Lactopheno

 
Figure 17: Microphotograph of recovered Angiostrongylus cantonensis adult in pulmonary artery of Rattus exulans

 
Figure 18: Photomicrograph of Trichuris sp. egg recovered from R. argentiventer (Note the prominent, clear polar "plugs" (or opercula) at both ends) 
(400x)

 


