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Murine-related helminthiasis is a frequently overlooked zoonotic disease with 
significant public health implications. The role of murine rodents in transmitting 
these infections to other animals remains under-researched. This study aimed 
to investigate murine-related helminth infections at solid waste sites, particularly 
in forest-adjacent communities where murine rodent populations are high and 
multi-host interactions are possible. During a 5-day trapping session, 36 live traps 
were deployed across different habitats during both wet and dry seasons. Trapped 
murine rodents and their gastrointestinal (GI) parasites were morphologically 
evaluated for species identification. The results revealed that a total of 380 
murine rodents were captured, with an overall GI helminth infection prevalence 
of 86.8% (330/380). The adult male murine rodents exhibited higher prevalence, 
abundance, and species richness of helminths compared to juvenile and female 
murine rodents. A total of 16 helminth species were identified, with Trichostrongylus 
morphotype A showing the highest infection prevalence (53.2%). Six zoonotic 
species were also detected, including Syphacia obvelata (22.4%), Syphacia muris 
(12.4%), Raillietina spp. (10.8%), Hymenolepis diminuta (10.3%), Vampirolepis nana 
(10%), and Cyclodontostomum purvisi (2.4%). Increased population of murine 
rodents was observed at the solid waste sites, as indicated by higher trap success 
(TS) rates. Forest murine rodents exhibited a significant prevalence of helminth 
infections and high species diversity. These findings suggest that solid waste 
sites adjacent to forests may pose a heightened risk for disease transmission, 
warranting further attention.
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Introduction

The exponential increase in global municipal solid waste generation, projected to reach 
3.40 billion tons by 2050 (1), poses significant threats to public health and environmental 
sustainability. The World Health Organization (WHO) emphasizes the complex relationship 
between poor waste management and the contamination of soil, water, and air (2), which 
creates substantial health hazards for communities (3, 4). Moreover, inadequate waste 
management transforms solid waste sites into foraging grounds for a diverse range of animals, 
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including humans. This phenomenon disrupts natural movement 
patterns and fosters interspecies interactions, potentially increasing 
the transmission of diseases (4, 5). The cohabitation of diverse species 
within these environments creates optimal conditions for zoonotic 
diseases such as leptospirosis, rabies, dengue, and influenza (6), 
highlighting the urgent need for comprehensive waste 
management strategies.

Murine rodents (family Muridae), including rats and mice, thrive 
in diverse habitats, particularly human-modified environments such 
as solid waste sites (7, 8). Murine rodents are not only considered 
agricultural pests but also serve as reservoirs for numerous zoonotic 
diseases, including leptospirosis, hantavirus, and several parasitic 
infections (9–18). Waste sites, with their abundant food resources, 
may contribute to increased populations of murine rodent and amplify 
the risk of disease transmission. Although zoonotic diseases in murine 
rodents have been extensively studied in agricultural and community 
settings, research specific to solid waste sites is lacking. Addressing 
this gap is crucial not only for public health but also for mitigating 
disease transmission to other areas and species (19, 20).

In Thailand, murine rodents are widespread in urban and rural 
areas, serving as reservoirs for numerous pathogens. Studies have 
identified murine rodents positive for various microparasites such as 
Leptospira spp., Orientia spp., Bartonella spp., Hantavirus, Herpes virus, 
lymphocytic choriomeningitis virus (LCMV), Rabies virus, Toxoplasma 
gondii, Trypanosoma spp., and Babesia spp. (21–23). Studies on 
macroparasites have documented ectoparasites such as mites (e.g., 
Leptotrombidium spp. and Blankaartia spp.), ticks (e.g., Dermacentor 
spp., Haemaphysalis spp., Ixodes glanulatus, and Rhipicephalus 
sanguieus), and fleas (e.g., Xenopsylla cheopis and Nosopsyllus fasciatus). 
Parasitic nematodes (e.g., Angiostrongylus cantonensis, Calodium 
hepatium, Cyclodontostomum purvisi, and Trichuris muris), cestodes 
(e.g., Raillietina spp., Hymenolepis diminuta, Vampirolepis nana (syn. 
Hymenolepis nana), and Hydratigera taeniaeformis), and trematodes 
(e.g., Echinostoma malayanum) have also been reported (23–33). 
However, there remains a notable gap in research on gastrointestinal 
(GI) helminths in murine populations specifically within solid waste 
sites. These sites could serve as hotspots for parasitic transmission, 
posing significant risks to public health and ecosystem integrity.

As outlined earlier, solid waste sites represent unique habitat 
where human activities alter ecological dynamics, including zoonotic 
disease transmission. Murine rodents frequently inhabit these sites, 
interacting with multiple species and environmental pathogens. Given 
their adaptability and close association with human settlements, 
murine rodents are of particular interest as potential reservoirs of 
zoonotic diseases. This study aims to fill this gap by investigating the 
role of murine rodents as potential reservoirs for GI helminths, 
comparing their abundance and diversity between waste sites and 
other habitats. In addition, seasonal variations in GI helminth 
prevalence are explored to better understand parasitic transmission in 
these understudied environments.

Materials and methods

Study sites and sampling locations

To investigate the abundance and diversity of murine hosts and 
their GI helminths, three study sites were selected in Nakhon 

Ratchasima Province, Thailand: Soengsang District (S1; 14.3593, 
102.4172), Khonburi District (S2; 14.4651, 102.1621), and 
Wangnamkhieo District (S3; 14.4372, 101.8155). All three study sites 
(S1-S3) are situated near the Dong Phayayen–Khao Yai Forest 
Complex. These study sites encompass four distinct habitat types: (1) 
solid waste sites (SWS); (2) natural forests (NF), including either 
dipterocarps or secondary forests; (3) dense understory lands (DUL), 
characterized by abundant and tightly packed vegetation in the 
understory, creating a dense cover that provides ideal concealment for 
small mammals (e.g., corn and cassava crop); and (4) sparse 
understory lands (SUL), characterized by reduced vegetation density 
in the understory, offering a less extensive cover (e.g., perennial crop 
and orchards). Each study site contained an SWS and the other three 
habitats, which were located within a 2×2 km-square area. This study 
conducted in 3 study sites, in each sites we selected 5 habitats (from 
any of 4 types of habitats - SWS, NF, DUL, SUL). A map of the 
sampling locations is shown in Supplementary Figure S1.

Sampling strategies

During the period 2022–2023, a 5-day trapping session was 
conducted biannually during the dry season (November to April) and 
the wet season (May to October). Wild murine rodents were trapped 
using locally modified wire live traps measuring 12 cm (in 
width) × 28 cm (in length) × 12 cm (in height). These traps were 
baited with fresh corn. A total of 36 traps were strategically positioned 
in each sampling location according to a predefined grid line, with a 
set distance of 20 meters between each trap. Since murine rodents are 
nocturnal (9), the traps were deployed in the evening (between 3 and 
6 PM) and checked for captures the following morning (between 5 
and 8 AM). Animals other than murine rodents were released at the 
sampling location. Only the trapped murine rodent species were 
transported to the field stations for further investigation.

The rodents were euthanized through inhalation of an isoflurane 
overdose in a closed transparent chamber, following the ethical 
guideline established by Herbreteau et al. (34). Data including body 
weight, head-to-body length, ear length, hind foot length, tail length, 
the color of incisor, fur, and tail, and the number of mammae of 
female rodents were recorded to be  used as a key for species 
identification (9). Initially, body weight and head-to-body length were 
used to classify specimens as rats or mice, followed by other 
parameters for accurate species identification. Genital appearance, as 
described by Herbreteau et al. (34), was used to determine sex and age 
class (juvenile or adult), with rodents showing underdeveloped 
genitalia classified as indeterminate. Murine rodent species were 
identified morphologically using biological measurements and 
identification keys (9, 35, 36). Subsequently, the rodents were 
dissected, and their gastrointestinal tracts were collected aseptically, 
preserved in 95% ethanol, and stored at 4°C until helminthological 
examination was conducted within 3 months.

Helminthological examination and 
identification

Helminths were identified through the examination of the 
gastrointestinal tracts, with dissections conducted under a 
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stereomicroscope (1.2X–1.4X) to provide detailed insights into their 
morphology. At this stage, the helminths were initially classified into 
nematodes, trematodes, and cestodes. For further taxonomic 
identification, the nematodes were cleared in lactophenol and 
mounted on temporary slides, while the cestodes and trematodes were 
stained with Semichon’s carmine. The morphological structure, 
including the mouthparts, tail features, and internal organs, was 
examined using a light microscope (4X–40X), and the species were 
identified based on established taxonomic keys (37–39). To obtain 
quantitative data, a comprehensive count of each helminth species 
within the individual murine hosts was conducted to assess the 
abundance of infection.

Statistical analysis

The trap success (TS) rate served as a proxy for estimating the 
abundance of murine rodents, minimizing bias from unequal trap 
distributions across the habitats. The trap success rate was 
calculated using the following formula: Trap Success 

(TS) =   
   

number animal caught
number of trap efforts

 × 100 (9).

A chi-squared test was used to assess helminth infection 
prevalence across the habitats, seasons (dry vs. wet), groups of murine 
rodents (rat vs. mouse), sex (male vs. female), and age class (juvenile 
vs. adult). The Kruskal–Wallis test was used to evaluate the effect of 
habitat type on GI helminth abundance, while the Mann–Whitney U 
test was employed to compare the influence of age class, sex, groups 
of murine rodents, and seasons on GI helminths abundance.

The Chao and Jackknife indices were used to estimate true parasite 
species richness, addressing the under-sampling often observed in 
cryptic parasite communities. The Chao index predicts unobserved 
species based on the presence of rare species in the sample, while the 
Jackknife index estimates richness by systematically omitting parts of 
the dataset (40, 41). The Shannon index was used to quantify GI 
helminth species diversity, comparing the variations in abundance and 
species richness across the habitats and murine rodent species. All 
analyses were performed in Rstudio version 2024.04.2 + 764 “vegan” 
and “BiodiversityR” packages (42–44).

Results

Community structure of the murine 
rodents (trap success rate and species 
diversity)

A total of 380 murine rodents were trapped from 2,755 trap 
nights, yielding an overall trap success rate of 13.8%. Of the 380 
trapped murine rodents, 59.7% (227/380) were male, while 39.7% 
(151/380) were female. The sex of two murine rodents could not 
be identified due to the underdevelopment of their genital organs. In 
terms of age class, 77.1% (293/380) were adults and the remaining 
were juveniles. Seasonality had an impact on the murine populations, 
with a higher number of trapped murine rodents and a higher trap 
success rate in the dry season compared to the wet season. Variation 
in the number of trapped murine rodents across the different types of 

habitats was observed. In addition, the forest habitat showed the 
highest number of trapped murine rodents (n = 124), while the solid 
waste sites revealed the highest trap success rate (17.6%), indicating 
the potential for high relative abundance of murine rodent populations 
in these two habitats. Details of the trapped murine rodents in this 
study are shown in Table 1.

According to the morphological keys, eight murine species were 
identified. Among all trapped murine rodents, Mus cervicolor (n = 214) 
and Rattus rattus complex (n = 80) were the most abundant species, 
with trap success rates of 7.8 and 2.9, respectively. Mus cervicolor was 
the numerically dominant species in all habitat types, especially in the 
dense understory lands (DUL). In addition, the composition of the 
murine species varied in each type of the habitat. For example, the 
agricultural habitat types (DUL and SUL) showed a higher proportion 
(>75% of the total murine population) of Mus spp., including 
M. cervicolor, M. caroli, and M. pahari, compared to the other habitat 
types. On the other hand, Maxomys surifer was the second most 
abundant murine rodent species in the NF, while none were found in 
the other habitat types. In addition, a large proportion of Rattus spp. 
were found in the SWS. Details of the murine species composition in 
each type of the habitat are shown in Figure 1. The Shannon index was 
used to reveal the distinct murine diversity in the natural forests (1.35), 
SUL (1.32), SWS (1.17), and DUL (0.49), respectively.

Prevalence of gastrointestinal helminth 
infection

Of the 380 trapped murine rodents, gastrointestinal helminths were 
found in 330, resulting in a prevalence of gastrointestinal helminth 
infection of 86.8%. An investigation into the relationship between the 
prevalence of gastrointestinal helminth infection and factors, (habitat 
type, season, age, sex, and murine species), revealed distinctive patterns. 
All habitats showed high prevalence of the infection, affecting more 
than 70% of the total population. The highest prevalence of the infection 
was observed in the SUL (95.56%), whereas the lowest prevalence was 
recorded in the SWS (74.51%). Habitat was the only exogenous factor 
that had a statistically significant relationship with the prevalence of the 
infection (χ2 = 19.394, p < 0.01). The prevalence of the infection was not 
significantly different (χ2 = 1.7919, p = 0.1807) between the seasons, 
although the prevalence of the infection in the wet season (89.66%) was 
slightly higher than that in the dry season (84.47%). The endogenous 
characteristics, including age Class (χ2 = 12.362, p < 0.01) and sex 
(χ2 = 5.4426, p = 0.01965), were found to affect the prevalence of the 
infection with statistical significance, with the adult and male murine 
rodents showing higher prevalence (Table 1).

Abundance and intensity of the 
gastrointestinal helminths

In this study, a total of 13,740 individual gastrointestinal 
helminths were quantified from 380 trapped murine rodent hosts, 
resulting in a mean abundance (MA) of 36.2 helminths per host and 
a mean intensity (MI) of 41.6 helminths per host. The mean 
abundance and mean intensity of helminth infection varied by 
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TABLE 1 Number of trapped murine rodent hosts, trap success rate (%), prevalence of gastrointestinal helminth infection (%), mean abundance (MA), mean intensity (MI), parasite species richness (PSR) indices, and 
diversity index divided into types of habitat, season, age class, and sex.

Total number 
of murine 
rodents

Trap success 
rate (%)

Prevalence of 
infection (%)

Mean 
Abundance 
(number of 

helminths per 
host ± SE)

Mean 
intensity 

(number of 
helminths per 

infected 
host ± SE)

Parasite Species Richness (PSR) Diversity 
index 

(Shannon)Observed PSR Estimated PSR 
(Chao)

Estimated PSR 
(Jackknife)

Habitat

Solid waste sites 102 17.6 74.5 35.5 ± 7.9 47.6 ± 10.2 12 13.98 13.98 1.38

Natural forests 124 12.8 90.3 40.6 ± 6.5 45.0 ± 7.1 14 14.49 14.99 1.63

Dense understory 

lands (DUL)

109 15.3 90.8 30.9 ± 4.9 34.0 ± 5.3 12 13.98 13.98 1.52

Sparse understory 

lands (SUL)

45 9.1 95.6 38.2 ± 12.8 39.9 ± 13.4 11 16.87 14.91 1.53

Season

Wet 174 12.0 89.7 50.9 ± 7.1 56.8 ± 7.8 14 14.99 15.99 1.64

Dry 206 15.7 84.5 23.7 ± 4.3 28.1 ± 3.0 15 16.99 16.99 1.65

Age class*

Adult 293 10.6 89.8 38.9 ± 4.2 43.3 ± 4.6 16 18.99 18.99 1.70

Juvenile 75 2.7 73.33 19.9 ± 4.1 27.1 ± 5.3 11 12.97 12.97 1.49

Sex*

Male 227 8.3 90.31 45.1 ± 5.3 49.9 ± 5.7 15 16.99 16.91 1.66

Female 151 5.5 81.5 23.2 ± 4.4 28.5 ± 5.2 14 15.99 15.99 1.73

Murine species

Bandicota indica 4 0.1 75.0 55.8 ± 35.2 74.3 ± 42.3 6 13.50 9.75 0.87

Bandicota savilei 5 0.2 100 42.0 ± 24.9 42.0 ± 24.9 6 12.40 9.20 0.38

Maxomys surifer 30 1.1 90.0 36.3 ± 8.1 40.4 ± 8.6 4 4.00 4.96 0.90

Rattus rattus 

complex

80 2.9 92.5 69.7 ± 13.9 75.4 ± 14.8 12 12.25 12.99 1.13

Rattus exulans 9 0.3 11.1 1.8 ± 1.8 16 1 1.00 1.89 NA

Mus cervicolor 214 7.8 86.0 25.5 ± 2.9 29.7 ± 3.3 13 13.25 13.99 1.41

Mus caroli 37 1.3 94.6 31.3 ± 7.6 33.1 ± 8.0 9 9.97 10.94 1.12

Mus pahari 1 0.1 100 1 1 1 1.00 1.00 NA

The solid waste sites had the highest trap success rate and the lowest prevalence of the infection, but the highest mean intensity. In contrast, the natural forests exhibited the highest species richness and diversity. Mus cervicolor was the dominant species captured, 
showing the highest parasite richness and diversity.
*Age could not be classified in 12 murine rodents, and sex could not be identified in two murine rodents.
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habitat, but there was no significant difference (Kruskal–Wallis 
chi-squared = 105.1, p = 0.344). In addition, the highest mean 
abundance was observed in the murine rodents from the natural 
forests (MA = 40.6  ±  6.5), while the SWS exhibited the highest 
mean intensity of helminth infection at 47.6  ±  10.2. Significant 
variations in gastrointestinal helminth abundance/intensity 
between the seasons were observed, with the wet season showing 
higher helminth abundance/intensity than the dry season (Mann–
Whitney U test, W = 13,230, p < 0.01). Age, sex, and murine species 
also significantly impacted (p < 0.01) the abundance and intensity 
of gastrointestinal helminth infection in the murine rodents; see 
details in Table 1.

Species richness and diversity of the 
gastrointestinal helminths

A total of 16 species (or taxa) of the gastrointestinal helminths 
were morphologically identified in this study. Trichostrongylidae gen. 
sp. exhibited the highest population (n = 6,480), followed by 
Syphacia muris (n = 3,573) and Syphacia obvelata (n = 2,521). Based 
on the tail morphology, Trichostrongylidae gen. sp. was categorized 
into three morphotypes: morphotype A (n = 3,676), morphotype B 
(n = 2,796), and morphotype C (n = 8; Supplementary Figure S2). 
The total number and prevalence of infection of each helminth are 
shown in Figure 2 and Supplementary Table S1. Parasite species 

FIGURE 1

The composition of murine rodents varied across different habitats, reflecting the differing habitat suitability for each species. Mus cervicolor (the 
fawn-colored mouse) was dominant in all habitat types observed in this study, especially in the agricultural areas, while Maxomys surifer (the red spiny 
rat) was found exclusively in the forest habitat, where it had the second-highest abundance. SWS, solid waste sites; NF, natural forests; DUL, dense 
understory lands; SUL, sparse understory lands.
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richness (PSR) was determined through microscopic examination, 
and the estimated true PSR was calculated using the Chao and 
Jackknife indices, revealing that the murine rodents living in the 
natural forest exhibited the highest PSR, with 14 identified species 
(or distinct taxa), followed by the murine rodents in the SWS and 
DUL, which hosted 12 species of GI helminths (Table 1). Of the 16 
identified GI helminth species, 9 species were consistently found in 
every type of habitat, including Ascaridae gen. sp., Protospirura 
siamensis, Syphacia obvelata, Capillaria gastrica, Trichostrongylus 
morphotype A, Trichostrongylus morphotype B, Hymenolepis 
diminuta, Vampirolepis nana, and Raillietina spp. In contrast, 
Notocotylus loeiensis was only found in one murine rodent among 
the total of 380 murine rodents (Figure 2). GI helminth diversity was 
assessed using PSR, and the abundance across the habitats was 
determined using the Shannon–Wiener index, demonstrated varying 
values for each habitat: 1.63 for the natural forests, 1.52 for the dense 
understory lands, 1.53 for the sparse understory lands, and 1.38 for 
the solid waste sites.

Zoonotic gastrointestinal helminths

Among the 16 species of gastrointestinal helminths investigated 
in this study, 6 were identified as zoonotic parasites. Notably, three of 
these parasites were cestodes, including Raillietina spp., Hymenolepis 
diminuta, and Vampirolepis nana, while the remaining three were 
nematodes, including Syphacia obvelata, Syphacia muris, and 
Cyclodontostomum purvisi. The prevalence of the infection for each 
zoonotic parasite was 10.8, 10.3, 10, 22.4, 12.4, and 2.4%, respectively. 

The prevalence of zoonotic helminth infection was notably higher 
and showed significant differences in the surrounding habitats 
compared to the SWS (χ2 = 24.638, p < 0.01; Table 2). The overall 
prevalence of the infection was quite similar between the seasons, 
with 56.3% in the wet season and 50.9% in the dry season 
(χ2 = 0.88102, p = 0.3479). Furthermore, a significantly higher 
prevalence of zoonotic helminth infection was observed in the adult 
(χ2 = 4.7984, p = 0.028) and male (χ2 = 15.643, p < 0.01) rodents 
(Table 2).

When only zoonotic parasites were considered, a total of 6,343 
worms were quantified, with a mean abundance (MA) of 16.7 ± 2.8. 
The murine rodents from the natural forests (Kruskal–Wallis 
chi-squared = 77.711, p = 0.07318) demonstrated the highest mean 
abundance and mean intensity, with values of 22.8 and 36.2, 
respectively. The seasonal effect still showed higher mean abundance 
of zoonotic helminths in the wet season compared to the dry season 
(W = 17,379, p = 0.59). While the mice population (W = 14,275, 
p = 0.053) had 2,661 individual zoonotic parasites (MA = 10.6), the 
rat population exhibited 3,682 individual zoonotic parasites 
(MA = 28.8). Although these differences were not statistically 
significant, the patterns aligned with the overall gastrointestinal 
helminth prevalence trends, as detailed in Table 2. Zoonotic parasite 
species richness (ZPSR) was defined as the count of species, 
indicating that the natural forests, sparse understory lands, and 
solid waste sites exhibited the highest ZPSR, each hosting a total of 
six identified species. In contrast, the dense understory lands 
accommodated four parasite species each. Zoonotic helminth 
diversity, assessed using the Shannon–Wiener index, showed 
varying values, with the highest index found in the natural forests 
(Table 2).

FIGURE 2

The prevalence of gastrointestinal helminth infections (%) varied across different habitat types. Trichostrongylus morphotype A was the most common 
helminth found in this study, while Trichostrongylus morphotype C was exclusively found in natural forests. The prevalence of the infection was also 
linked to the presence of specific host species, which varied by habitat. SWS, solid waste sites; NF, natural forests; DUL, dense understory lands; SUL, 
sparse understory lands.
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Discussion

This study was the first to assess the potential threats of GI 
helminths in murine rodents captured from solid waste sites and 

forest-adjacent areas in Nakhon Ratchasima Province, 
northeastern Thailand. A total of 380 murine rodents were 
trapped across four habitat types and examined for GI helminths 
using morphological keys. High trap success rates were observed 

TABLE 2 Prevalence of the infection, total abundance, mean abundance, mean intensity, zoonotic parasite species richness (ZPSR), and parasite 
diversity of the zoonotic parasites found in this study, divided into types of habitat, season, age, class, sex, and murine group.

Prevalence 
of zoonotic 
parasite (%)

Total 
abundance 
of zoonotic 

parasites

Mean 
Abundance 

(MA) of 
zoonotic 
parasite

Mean 
Intensity 
(MI) of 

zoonotic 
parasite

Observed 
ZPSR

Estimated 
ZPSR 

(Chao)

Estimated 
ZPSR 

(Jackknife)

Diversity 
index 

(Shannon)

Habitat

Solid waste 

sites
33.3 1,731 17.0 ± 5.7 17 ± 5.7 6 6.00 6.99 0.53

Natural 

forests
62.9 2,827 22.8 ± 5.5 36.2 ± 8.4 6 6.00 6.00 0.82

Dense 

understory 

lands 

(DUL)

62.4 925 8.5 ± 2.6 13.6 ± 4.0 4 4.00 4.00 0.43

Sparse 

understory 

lands (SUL)

51.1 860 19.1 ± 11.6 37.4 ± 22.3 6 6.98 7.96 0.80

Season

Wet 56.3 3,790 21.8 ± 5.7 38.7 ± 9.7 6 6.00 6.00 0.75

Dry 50.9 2,553 12.4 ± 2.1 24.3 ± 3.8 6 6.00 6.00 0.86

Age class

Adult 56.3 4,843 16.5 ± 3.0 29.4 ± 5.3 6 6.00 6.00 0.88

Juvenile 41.3 789 10.5 ± 3.4 25.4 ± 7.6 6 6.49 6.99 0.69

Sex

Male 61.7 4,713 20.8 ± 3.9 33.7 ± 6.0 6 6.00 6.00 0.83

Female 40.4 1,626 10.8 ± 4.1 26.7 ± 9.8 6 6.00 6.00 0.90

Murine group

Bandicota 

indica
50.0 117 29.3 ± 28.9 58.5 ± 57.5 3 5.25 5.25 0.14

Bandicota 

savilei
40.0 5 1 ± 0.6 2.5 ± 0.5 3 5.40 5.40 1.05

Maxomys 

surifer
53.6 676 24.1 ± 6.9 45.1 ± 10.3 1 1.00 1.00 NA

Rattus 

rattus 

complex

67.1 2,274 28.8 ± 9.6 42.9 ± 13.9 5 5.00 5.99 0.18

Rattus 

exulans
11.1 16 1.8 ± 1.8 16 1 1.00 1.89 NA

Mus 

cervicolor
50.0 1,888 9.2 ± 1.8 18.3 ± 3.5 5 5.00 5.00 0.31

Mus caroli 54.3 655 18.7 ± 7.1 34.5 ± 12.0 4 4.97 5.95 0.11

Mus pahari NA NA NA NA NA NA NA NA

The natural forests posed a potential risk for zoonotic GI helminths, showing the highest prevalence of the infection and mean abundance, with relatively high parasite richness and diversity 
compared to the other habitats.
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in all habitats except the spare understory lands, indicating that 
this habitat is unsuitable for murine rodents due to the lack of 
hiding places at ground level (9, 45). On the contrary, the highest 
trap success rate was noted at the solid waste sites, indicating a 
potential breeding ground for murine rodents. In addition, the 
trap success rate was higher during the dry season, likely due to 
reduced food availability, which led the murine rodents to 
be more attracted to the bait (46).

Eight murine species were identified, with Mus cervicolor being 
the most predominantly trapped species in this study. This finding is 
consistent with those of previous studies (9, 34, 47). Its adaptability to 
various environments highlights its potential role in pathogen 
transmission (8, 48, 49). Moreover, Mus cervicolor was one of the two 
species carrying the zoonotic parasite, Syphacia obvelata, which 
showed high prevalence of infection in this study. This finding 
underscores the need for monitoring S. obvelata infection in humans 
within this area. Another notable finding was Maxomys surifer, which 
was exclusively found in the forested area, carrying four helminth 
species: Syphacia muris and three Trichostrongylus morphotypes (A, 
B, and C). The exclusive presence of this murine species in the forested 
area, in contrast to earlier research (50, 51), highlights a potential 
habitat shift due to human disturbances (52, 53), which can potentially 
facilitate parasite spillback or spillover into new hosts.

The overall prevalence of GI helminth infection in this study 
was 86.8%, which was notably higher than the prevalence 
reported from northern and northeastern Thailand, ranging from 
55.1 to 71.54% (51, 54). One factor contributing to this higher 
prevalence is the inclusion of multiple murine rodent species in 
our study, compared to earlier research that focused on a single 
murine species. This broader sampling likely captured a wider 
range of host–parasite dynamics and interactions, increasing the 
observed prevalence. Seasonal differences also influenced the 
helminth dynamics, with higher infection prevalence and 
abundance observed during the wet season (55, 56), likely due to 
favorable environmental humidity for helminth eggs to hatch and 
infect hosts (26, 57). The differences in location, season, habitat 
characteristics, and trapping strategies could have influenced the 
variations in the prevalence of the infection (58, 59). These 
findings emphasize the importance of ecological factors in 
shaping parasite communities and highlight the value of 
examining diverse host populations to gain a better understanding 
of infection dynamics.

The factors associated with the prevalence and abundance of 
GI helminth infection included sex, age, and species. The adult 
male murine rodents exhibited higher prevalence and abundance 
of helminths, likely due to their larger body size, which can 
accommodate more helminths (51, 60–63). Similarly, the rats, 
with their larger body size, showed higher parasite abundance 
than the mice (64, 65). This suggests that habitats dominated by 
rats, such as solid waste sites and forests, may exhibit greater 
helminth burden. In-depth habitat analysis is further 
recommended to evaluate the ecological factors linked to the 
presence of murine rodents and their GI helminths.

Parasitic infections in murine rodents are potentially 
influenced by ecological factors, differing significantly between 
natural and human-modified habitats (58, 66). Natural forests 
provide stable ecosystems that support diverse parasite life cycles 

and interspecies interactions, which can regulate or promote 
parasite diversity and infection rates. This study observed 
moderate to high parasite prevalence and diversity in the murine 
rodents from the forest habitats compared to those from the solid 
waste sites. In contrast, human-modified habitats may disrupt 
parasite life cycles, particularly those requiring intermediate 
hosts, while favoring parasites with simpler life cycles that can 
adapt and thrive (66). In addition, changes in diet can influence 
parasite exposure; for instance, rodents in solid waste sites often 
forage on anthropogenic food sources, altering their exposure to 
helminth infective stages. Moreover, intensive agriculture and 
monoculture practices, often associated with high population of 
murine rodents, can facilitate parasite transmission by increasing 
contact between hosts (8, 67, 68), as observed in this study.

Among the 16 species of gastrointestinal helminths examined, 
Trichostrongylus morphotype A emerged as the predominant GI 
helminth, with high prevalence and abundance across all habitat 
types. In addition, both Trichostrongylus morphotypes A and B were 
consistently present in each habitat (Figure 2), consistent with the 
findings from previous studies (50, 51, 69, 70). Due to its direct life 
cycle and the adaptability of its larvae to various environmental 
conditions (71), it is therefore common to find this Trichostrongylidae 
gen. sp. in most areas where hosts are present. Trichostrongylidae gen. 
sp. is a gastrointestinal helminth in ruminants, rodents, pigs, horses, 
birds, and humans, with a worldwide distribution (39). Although 
Trichostrongylidae gen. sp. in rodents has not been reported as 
zoonotic, it can still affect the well-being of both host and non-host 
species, potentially causing symptoms such as mild abdominal 
discomfort and diarrhea (72, 73). In addition, due to its small size and 
morphological variation, individual identification of this parasitic 
taxon at the species level was not feasible. It is recommended that 
future research utilize molecular techniques for more accurate 
identification of these organisms. This approach will help elucidate 
its specific taxonomy (38, 74), examine host preferences, and assess 
potential impact on host populations.

Six zoonotic parasites were identified in this study, all previously 
documented as zoonotic in Thailand or other countries. While these 
parasites may remain asymptomatic at low infection levels, they can still 
cause illness in humans (75), presenting symptoms such as abdominal 
pain, vomiting, diarrhea, and malnutrition, particularly in children and 
immunocompromised individuals (26, 42, 76–84). Among them, 
Syphacia spp. are of particular concern as they are capable of infecting 
humans and causing abdominal pain and eosinophilia (75, 80). Syphacia 
obvelata, reported to be exclusively detected in mouse species (71), was 
the most prevalent zoonotic helminth observed in this study, with Mus 
cervicolor and Mus caroli identified as its primary hosts. Therefore, 
reducing specific murine rodent populations that serve as helminth 
reservoirs is considered a key strategy for minimizing the risk of human 
exposure to these zoonotic parasites (75). In addition, addressing public 
health concerns, improving sanitation and hygiene, and employing 
anthelmintic treatments are the recommended measures. To mitigate the 
issue of anthelmintic resistance, exploring herbal deworming as a 
sustainable alternative for parasite control could be a promising area for 
future research (85, 86).

This study found that approximately 8.5% of the murine 
rodents carried more than one hundred individual parasites 
without exhibiting visible clinical signs or disorders at the time of 
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capture. This resilience may be  attributed to the hosts’ robust 
immune response and overall health status. Within the 
gastrointestinal tract, cytokines such as IL-4 and IL-13 stimulate 
goblet cells, enhancing mucosal defense and reducing parasite-
induced damage (87). Macrophages and eosinophils also play a 
pivotal role by secreting anti-inflammatory molecules that limit 
tissue damage and regulate the number of parasite species, 
contributing to the host ability to tolerate high parasite burden 
(88). These responses aim to contain parasites while minimizing 
harm to the host. Further research should delve deeper into the 
mechanisms underlying this balance, including investigations into 
blood parameters and species-specific immune responses.

In conclusion, the presence of murine rodents across all the 
habitat types, coupled with a high trap success rate, highlights 
their significant role in the transmission of zoonotic diseases, 
including the often-overlooked helminthiasis. The high 
prevalence of GI helminth infections, including six zoonotic 
species observed across the habitats, highlights the urgent need 
for comprehensive investigations into transmission dynamics. 
Solid waste sites, with the highest trap success rate, were 
identified as critical hotspots for multi-species interactions that 
may facilitate the spread of diseases. These sites also create an 
ideal environment for murine rodents due to abundant food 
sources, resulting in the highest number of trapped animals, 
thereby potentially amplifying the risk of disease transmission to 
humans and other species. To address this issue, it is essential to 
implement comprehensive waste management practices and 
establish effective monitoring programs to mitigate risks to 
public and veterinary health.
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SUPPLEMENTARY FIGURE S1

Geographical location of each sampling locations deployed in this study. 
S1–S3 refered to three study sites that located near the Dong Phayayen-
Khao Yai Forest Complex. Each study site consisted of at four different 
sampling locations including solid waste sites (SWS), natural forest (NF), 
dense understory lands (DUL), and sparse understory lands (SUL).

SUPPLEMENTARY FIGURE S2

The three Trichostrongyles morphotypes identified in this study were 
distinguished based on the structure of the caudal bulb at the tail structure. 
Morphotype A had a long and pointed caudal bulb, Morphotype B had a 
short and pointed caudal bulb, and Morphotype C had a short and blunt 
caudal bulb.

SUPPLEMENTARY TABLE S1

The prevalence of infection and total abundance of each gastrointestinal 
helminths found in this study.
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