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ABSTRACT
Background: Rodents are important reservoirs and amplifiers of zoonotic pathogens, often harboring gastrointestinal (GI) parasites asymptomatically, posing significant public health risks, particularly in tropical urban settings. This study aimed to determine the prevalence, diversity, and risk factors associated with zoonotic GI parasites in rodents in Tanga City, Tanzania.
Methods: A cross-sectional study was conducted from March to June 2025, during which 356 rodents were systematically live-trapped from five purposively selected villages across peri-domestic and indoor habitats. Gastrointestinal tracts were examined for parasites using formalin-ethyl acetate concentration and simple flotation techniques. Multivariable logistic regression was used to identify determinants of infection.
Results: Overall, 84.8% (302/356) of rodents were infected with GI parasites. Helminths were predominant (81.7%, 291/356), with Hymenolepis spp. (45.2%) and Strongyloides spp. (40.4%) most common. Protozoa were detected in 23.6% (84/356), mainly Eimeria spp. (22.2%). Logistic regression revealed that rodents from  peri-domestic habitats had 0.34 times the odds of infection compared to indoor rodents (OR = 0.34; 95% CI: 0.17–0.67; p < 0.001), and female rodents had 1.47 times higher odds than males (OR = 1.47; 95% CI: 0.88–2.45; p = 0.14), though the latter was not statistically significant.
Conclusion: Peri-domestic environments are hotspots for zoonotic GI parasite transmission in Tanga City. Integrated One Health interventions, including improved environmental sanitation, sustainable rodent management, and community education, are important to reduce the risk of zoonotic spillover.
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1. INTRODUCTION
Rodents represent one of the most ubiquitous and ecologically adaptable orders of mammals, inhabiting nearly every terrestrial ecosystem and frequently coexisting in close proximity to human populations. Their commensal behavior, high reproductive rates, and ecological plasticity make them proficient reservoirs and amplifiers for a diverse array of zoonotic pathogens, including bacteria, viruses, and parasites (Basiouni et al. 2025; García-Peña et al. 2021; Esposito et al. 2023). Among these threats, gastrointestinal (GI) parasites are of particular concern. Rodents often harbour these parasites asymptomatically, facilitating silent environmental contamination and enabling transmission to humans and domestic animals through direct contact, or indirectly via contaminated soil, water, and food (Han et al. 2016). Parasites with well-documented zoonotic potential, such as the cestode Hymenolepis diminuta, the nematode Strongyloides spp., and protozoans including Cryptosporidium spp., Eimeria spp., and Balantioides coli, are frequently detected in rodent populations worldwide (Nampijja 2017; Becker et al. 2015). Eimeria spp. primarily indicate environmental contamination, not direct zoonotic risk. 


The global burden of rodent-borne zoonoses has increased markedly over recent decades, driven by anthropogenic pressures such as rapid and unplanned urbanization, deforestation, agricultural expansion, and climate variability (Jones et al. 2013). These factors enhance human-rodent interaction, disrupt ecological balances, and create novel niches for parasite persistence and transmission (Mgode et al. 2014; Issae and Katakweba 2024). Urban and peri-urban environments, in particular, offer rodents abundant food sources from waste, shelter in human dwellings, and moisture, which collectively promote high rodent densities and endemic parasite transmission cycles. Infections with GI helminths, even when subclinical in rodents, can cause significant morbidity in humans, contributing to malnutrition, anemia, impaired cognitive development, and economic losses, particularly in resource-limited settings with poor sanitation infrastructure (Issae and Katakweba, 2024; Hotez et al. 2008).

In Tanzania, rodent populations thrive across diverse ecological zones, from densely populated cities to rural agrarian landscapes. Conditions such as inadequate sanitation, accumulation of organic food waste, and close human-livestock-rodent contact provide a fertile ground for the transmission of parasitic diseases (Msoffe et al. 2025). Previous studies conducted in regions like Morogoro, Arusha, and Ngorongoro have demonstrated high prevalences of zoonotic GI parasites in local rodent populations, reaffirming their integral role in local zoonotic cycles (Lima et al. 2021; Romano et al. 2015; Issae and Katakweba, 2024). However, epidemiological data from Tanzania's coastal regions, including Tanga, remains sparse. This is a critical knowledge gap, given that these areas are characterized by high human population density, humid tropical climate conducive to parasite survival, and socio-economic activities such as small-scale agriculture and fishing that inherently enhance rodent-human interface and transmission risks.

Tanga City, the administrative capital of Tanga Region, possesses unique environmental and socio-demographic characteristics that predispose it to rodent-borne zoonoses. These include a mosaic of urban, peri-urban, and rural land uses, high annual humidity, intensive smallholder agriculture, and often inadequate solid waste management systems (Tanga City Council 2023). Seasonal flooding events and common household food storage practices can further exacerbate environmental contamination and human exposure risks. Despite these predisposing factors, no comprehensive study has hitherto characterized the prevalence, diversity, and risk determinants of zoonotic GI parasites in rodents from this strategically important coastal city. A detailed understanding of these dynamics is critical for evidence-based risk assessment, targeted community sensitization, and the design of effective control programs within a holistic One Health framework, which recognizes the interconnectedness of human, animal, and environmental health (Mackenzie and Jeggo 2019).

Therefore, this study was designed to determine the prevalence, diversity, and key determinants of zoonotic GI parasites in rodents from Tanga City. By examining associations with specific ecological, spatial, and host-demographic factors, the findings provide essential baseline data to support targeted public health interventions, inform policy, and strengthen rodent-borne disease surveillance systems in coastal Tanzania and similar ecological settings. .

2. MATERIALS AND METHODS
2.1 Study area
The study was conducted in Tanga City, the administrative capital of Tanga Region, located in northeastern Tanzania at approximately 5°4′8.1″ S and 39°5′55.7″ E. The city is a mosaic of urban, peri-urban, and rural landscapes with a population of 393,429 ((National Bureau of Statistics, Tanzania, 2022). Predominant human activities include crop cultivation (e.g., cassava, maize, coconuts), livestock keeping (poultry, cattle, goats), and fishing, creating multiple interfaces for rodent-human contact. The climate is tropical, with average temperatures ranging from 22.2°C to 28.8°C and high relative humidity (72-82%). The long rainy season occurs from March to May. These warm, humid conditions, combined with often inadequate waste management and sanitation systems, provide an ideal environment for the proliferation of rodents and the survival and transmission of their parasites.

2.2 Study design and rodent sampling
A cross-sectional study was carried out between March and June 2025, covering part of the rainy and early dry seasons. Five villages which include Kange Uzunguni (KU), Kange Kasera (KK), Donge (D), Sahare (S), and Mikanjuni (MK) were purposively selected based on preliminary field surveys and community reports indicating high rodent activity. A purposive sampling strategy was used to select households with visible signs of rodent activity such as droppings, burrows and gnaw marks. The sample size of 356 rodents was calculated using the standard formula for cross-sectional prevalence studies by Daniel (1999), assuming a 50% expected prevalence, a 95% confidence level, and a 5% desired precision. Rodents were captured using Sherman live-capture folding aluminum traps (Sherman LFA, H. B. Sherman Traps, Inc.) and locally fabricated wire cage traps, baited with a mixture of peanut butter, maize bran, and sardines. Trapping was conducted in two microhabitats: indoors (inside homes and storage structures) and peri-domestically (within 10 meters of household structures). Traps were set at 5:00 p.m. and checked at 8:00 a.m. for seven consecutive days in each location (Issae and Katakweba, 2024).

2.3 Parasitological examination
Captured rodents were humanely euthanized using anesthesia by placing diethyl ether-soaked cotton wool inside a sealed container until complete loss of consciousness and death occurred. The carcasses were then transported to the laboratory for dissection. A standard post-mortem protocol was followed (Howie, 2024). Briefly, rodents were pinned dorsoventrally, and a midline incision was made from the throat to the anus. The entire gastrointestinal tract (from esophagus to rectum) was carefully excised, separated and placed in labeled containers containing 70% ethanol for preservation (Issae and Katakweba, 2024). Adult worms were visually identified and recorded as present or absent; no quantitative worm burden counts were performed..

Two coprological techniques were employed for maximum sensitivity:
a) Simple flotation technique: Approximately 2g of feces was mixed with a supersaturated salt solution, strained, and poured into a test tube. A coverslip was placed on top and left for 20 minutes before being examined microscopically for parasite eggs, cysts, and oocysts (WHO, 1991).
b) Formalin-Ethyl Acetate concentration technique (FECT): This sedimentation technique was used to concentrate a wider variety of parasites. GI content was emulsified in saline, filtered, and centrifuged. The sediment was then treated with 10% formalin and ethyl acetate, centrifuged again, and the final sediment was examined microscopically.
Parasites were identified based on the size, shape, and morphological characteristics of eggs, cysts, and oocysts using standard parasitological keys and atlases (Shiba and Shaji, 1996; Zajac et al., 2021). However, identification was largely limited to the genus level due to the morphological similarities of many eggs and cysts and the lack of molecular confirmation.

2.4 Data analysis
Data were recorded in Microsoft Excel 2019 and analyzed using SPSS version 30. Descriptive statistics (frequencies, percentages) were computed to summarize parasite prevalence by village, sex, and trapping site. To identify determinants of infection, a binary logistic regression model was fitted with the presence or absence of any GI parasite as the dependent variable. Independent variables included village (with Kange Uzunguni as reference), sex (male as reference), and trapping site (indoor as reference). Odds Ratios (OR) with 95% Confidence Intervals (CI) were calculated, and a p-value of less than 0.05 was considered statistically significant.
3. RESULTS 
3.1 Rodent Species Composition and Distribution
A total of 356 rodents were captured across five villages in Tanga City (Table 1). Four species were identified: Mastomys natalensis (150, 42.1%) was the most abundant, followed by Rattus rattus (80, 22.5%), Mus musculus (73, 20.5%), and Rattus norvegicus (53, 14.9%). Kange Uzunguni yielded the highest number of captures (n=196), while Mikanjuni had the fewest (n=10). Peri-domestic captures slightly outnumbered indoor captures (199 vs. 157). Species distribution varied by village and habitat, with M. natalensis predominating in both indoor and peri-domestic environments.

Table 1: Rodents captured and identified by species, village, and habitat
	Rodent Species
	Village (KU)
	Village (KK)
	Village (D)
	Village (S)
	Village (MK)
	Total

	Rattus rattus
	45
	22
	8
	3
	2
	80

	Indoor
	20
	10
	2
	1
	1
	34

	Peri-domestic
	25
	12
	6
	2
	1
	46

	Mastomys natalensis
	85
	40
	15
	6
	4
	150

	Indoor
	40
	18
	5
	2
	2
	67

	Peri-domestic
	45
	22
	10
	4
	2
	83

	Rattus norvegicus
	30
	15
	5
	2
	1
	53

	Indoor
	12
	7
	1
	1
	0
	21

	Peri-domestic
	18
	8
	4
	1
	1
	32

	Mus musculus
	36
	18
	12
	4
	3
	73

	Indoor
	18
	9
	4
	2
	2
	35

	Peri-domestic
	18
	9
	8
	2
	1
	38

	Total per Village
	196
	95
	40
	15
	10
	356

	Total Indoor
	90
	44
	12
	6
	5
	157

	Total Peri-domestic
	106
	51
	28
	9
	5
	199





3.2 Overall prevalence and parasite diversity
A total of 356 rodents were successfully trapped and examined. The overall prevalence of gastrointestinal parasites was 84.8% (302/356). Helminth infections were predominant, with an overall prevalence of 81.7% (291/356), while protozoan infections were detected in 23.6% (84/356) of the rodents. The most common helminths were Hymenolepis spp (45.2%) and Strongyloides spp. (40.4%). Other helminths identified were Physaloptera spp. (7.0%), Acanthocephala spp. (7.0%), Trichuris spp. (4.2%), and Spirurida spp. (1.4%). Among protozoa, Eimeria spp. (22.2%) was the most frequent, followed by Balantioides spp. (1.4%).

3.3 Prevalence of gastrointestinal parasites by village
Parasite prevalence varied significantly (χ² = 24.93, df = 4, p < 0.001) across the five villages (Table 2). The highest overall prevalence (100%) was recorded in Donge, Sahare, and Mikanjuni. Hymenolepis spp was most prevalent in Mikanjuni (100%) and Sahare (66.7%), while Strongyloides spp. was highly prevalent in Mikanjuni (100%) and Donge (50.0%). Due to complete infection (100% prevalence) in Donge, Sahare, and Mikanjuni, reliable odds ratios could not be calculated for these villages in the logistic regression model. Therefore, Kange Uzunguni (KU) was retained as the reference category for regression, with KK as the only village allowing a valid comparison (OR = 0.95, 95% CI: 0.55–1.65, p = 0.86).
.

Table 2. Distribution and prevalence (%) of gastrointestinal parasites in rodents across five villages in Tanga City, Tanzania.
	Parasite 
	Identified Species
	KU (n=196)
	KK (n=95)
	D (n=40)
	S (n=15)
	MK (n=10)
	Total (N=356)

	Helminth
	Hymenolepis spp 
	87 (44.4%)
	39 (41.1%)
	15 (37.5%)
	10 (66.7%)
	10 (100%)
	161 (45.2%)

	 
	Strongyloides spp
	74 (37.8%)
	35 (36.8%)
	20 (50.0%)
	5 (33.3%)
	10 (100%)
	144 (40.4%)

	 
	Physaloptera spp
	10 (5.1%)
	10 (10.5%)
	5 (12.5%)
	0 (0.0%)
	0 (0.0%)
	25 (7.0%)

	 
	Trichuris spp
	10 (5.1%)
	0 (0.0%)
	5 (12.5%)
	0 (0.0%)
	0 (0.0%)
	15 (4.2%)

	 
	Spirurida spp
	0 (0.0%)
	0 (0.0%)
	5 (12.5%)
	0 (0.0%)
	0 (0.0%)
	5 (1.4%)

	 
	Acanthocephala spp
	10 (5.1%)
	10 (10.5%)
	5 (12.5%)
	0 (0.0%)
	0 (0.0%)
	25 (7.0%)

	 
	O.P Helminths
	156 (79.6%)
	75 (78.9%)
	35 (87.5%)
	15 (100%)
	10 (100%)
	291 (81.7%)

	Protozoa
	Eimeria spp
	43 (21.9%)
	16 (16.8%)
	5 (12.5%)
	10 (66.7%)
	5 (50.0%)
	79 (22.2%)

	 
	Balantioides spp
	0 (0.0%)
	0 (0.0%)
	5 (12.5%)
	0 (0.0%)
	0 (0.0%)
	5 (1.4%)

	 
	O.P Protozoa
	43 (21.9%)
	16 (16.8%)
	10 (25.0%)
	10 (66.7%)
	5 (50.0%)
	84 (23.6%)

	Total
	O.P GIT
	162 (82.7%)
	75 (79.0%)
	40 (100%)
	15 (100%)
	10 (100%)
	302 (84.8%)


[bookmark: _Hlk210814651][bookmark: _Hlk202398623][bookmark: _Hlk210819648][bookmark: _Hlk210818116]NOTE: O.P means overall prevalence, O.P GIT means overall prevalence of gastrointestinal parasites, +ve means number of positive samples, (%) means prevalence and n is the total number of samples collected. KU- Kange Uzunguni, KK- Kange Kasera, D- Donge, S- Sahare, and MK- Mikanjuni 
Figure 1 is showing representative photomicrographs of helminth eggs that were encountered during examinations, including Hymenolepis, Strongyloides, Physaloptera, Trichuris, and members of the order Spirurida.
[image: ]
Figure 1. Photomicrographs of some helminth eggs identified in rodent fecal samples 
from Tanga City, Tanzania.

3.3 Prevalence of gastrointestinal parasites by rodent sex
Female rodents had an overall prevalence of 87.5% compared to 82.7% in males (Table 3). Logistic regression indicated a non-significant trend toward higher odds in females (OR = 1.47; 95% CI: 0.88–2.45; p = 0.14). This trend was consistent for both helminths (88.1% in females vs. 76.5% in males) and protozoa (25.0% in females vs. 22.4% in males). Infections with Hymenolepis spp, Strongyloides spp., Physaloptera spp., and Acanthocephala spp. were all more common in female rodents.
Table 3. Prevalence of gastrointestinal parasites by rodent Sex
	Group of parasites
	Species identified
	Male (n=196) +ve (%)
	Female (n=160) +ve (%)

	Helminths
	Hymenolepis spp 
	87 (44.4)
	74 (46.3)

	 
	Strongyloides spp
	68 (34.7)
	76 (47.5)

	 
	Physaloptera spp
	6 (3.1)
	19 (11.9)

	 
	Trichuris spp
	5 (2.6)
	10 (6.3)

	 
	Spirurida spp
	3 (1.5)
	2 (1.3)

	 
	Acanthocephala spp
	10 (5.1)
	15 (9.4)

	O.P Helminths
	 
	150 (76.5)
	141 (88.1)

	Protozoa
	Eimeria spp
	42 (21.4)
	37 (23.1)

	 
	Balantioides spp
	2 (1.0)
	3 (1.9)

	O.P Protozoa
	 
	44 (22.4)
	40 (25.0)

	O.P GIT
	 
	162 (82.7)
	140 (87.5)


NOTE: O.P means overall prevalence, O.P GIT means overall prevalence of gastrointestinal parasites
3.4 Prevalence of gastrointestinal parasites by trapping site
Rodents trapped in peri-domestic areas had a significantly  lower (χ² = 16.24, df = 1, p < 0.001) burden of GI parasites compared to those trapped indoors (Table 4). The overall prevalence was 80.4% in peri-domestic rodents versus 92.4% in indoor rodents.  Peri-domestic rodents had significantly lower odds of infection (OR = 0.34; 95% CI: 0.17–0.67; p < 0.001) compared to indoor rodents.

Table 4. Gastrointestinal parasite infections in peri-domestic and indoor rodents
	Group of parasites
	Species identified
	Peri-domestic (n=224) 
+ve (%)
	Indoors (n=132) 
+ve (%)

	Helminths
	Hymenolepis spp 
	115 (51.3)
	46 (34.8)

	 
	Strongyloides spp
	95 (42.4)
	49 (37.1)

	 
	Physaloptera spp
	15 (6.7)
	10 (7.6)

	 
	Trichuris spp
	8 (3.6)
	7 (5.3)

	 
	Spirurida spp
	6 (2.7)
	0 (0.0)

	 
	Acanthocephala spp
	18 (8.0)
	7 (5.3)

	O.P Helminths
	 
	180 (80.4)
	111 (84.1)

	Protozoa
	Eimeria spp
	55 (24.6)
	24 (18.2)

	 
	Balantioides spp
	4 (1.8)
	1 (0.8)

	O.P Protozoa
	 
	59 (26.3)
	25 (18.9)

	O.P GIT
	 
	180 (80.4)
	122 (92.4)


NOTE: O.P means overall prevalence, O.P GIT means overall prevalence of gastrointestinal parasites
3.5 Determinants of gastrointestinal parasite infection
Logistic regression analysis confirmed that habitat was a significant determinant of infection risk (Table 5). Rodents trapped in peri-domestic areas had 0.34 times the odds of infection compared to indoor rodents (OR = 0.34; 95% CI: 0.17–0.67; p < 0.001). Sex was not a statistically significant predictor (OR = 1.47; 95% CI: 0.88–2.45; p = 0.14). Due to the complete separation (100% infection) in Donge, Sahare, and Mikanjuni, odds ratios for these villages could not be reliably estimated. Only KK could be compared against KU, showing no significant difference in infection odds (OR = 0.95, p = 0.86).

Table 5: Logistic regression analysis of determinants for gastrointestinal parasite infection
	Variable
	Category
	OR
	95% CI
	p-value

	Village
	KU (reference)
	1
	-
	-

	 
	KK
	0.95
	0.55-1.65
	0.86

	 
	D
	
	-
	-

	 
	S
	
	-
	-

	 
	MK
	
	-
	-

	Sex
	Male (reference)
	1
	-
	-

	 
	Female
	1.47
	0.88-2.45
	-

	Habitat
	Indoor (reference)
	1
	-
	-

	 
	Peri-domestic
	1.47
	0.88-2.45
	0.14


Note: KU- Kange Uzunguni, KK- Kange Kasera, D- Donge, S- Sahare, and MK- Mikanjuni. OR = odds ratio. 95% CI = 95% confidence interval. ORs for Donge, Sahare, and Mikanjuni could not be calculated due to 100% infection prevalence (complete separation).
4. DISCUSSION 
This study revealed a remarkably high overall prevalence (84.8%) of gastrointestinal parasites among rodents in Tanga City, underscoring their profound epidemiological significance as reservoirs of pathogens in coastal Tanzania. The recorded prevalence not only exceeds previous estimates from other Tanzanian regions such as Morogoro (53.6%) and Arusha (64.3%) (Issae and Katakweba, 2024) but also aligns with or surpasses findings from other tropical countries, including Ghana (70-80%) (García-Sánchez et al., 2023) and Brazil (73.6%) (Lima et al., 2021). Such elevated infection rates are likely multifactorial, stemming from the synergistic effects of favorable tropical climatic conditions characterized by consistently high temperatures and humidity that prolong the environmental survival of parasitic eggs, larvae, and oocysts (Krecek and Moura 2020). Furthermore, abundant organic waste from inadequate disposal systems provides a reliable food source for rodents, supporting high population densities, while poor sanitation infrastructure directly facilitates environmental contamination and transmission (Meerburg et al., 2009). The coastal ecology of Tanga, with its specific humidity and land-use patterns, appears to create a particularly conducive environment for this robust parasite-host system.
[bookmark: _Hlk219377379]The clear predominance of helminths, particularly Hymenolepis spp and Strongyloides spp., mirrors observations from other studies in Africa and Asia, reinforcing their status as common constituents of the rodent gut microbiome (Krasnov et al., 2005). The high prevalence of Hymenolepis spp is epidemiologically significant. This cestode is primarily transmitted through the ingestion of infected arthropod intermediate hosts (e.g., grain beetles) or food contaminated with these insects or their fragments (Zajac and Conboy, 2021). While human infection with Hymenolepis spp (hymenolepiasis) is considered less common than with H. nana, it can cause significant gastrointestinal distress, including abdominal pain, diarrhea, and enteritis, particularly in children whose play habits and hygiene practices increase exposure risk (Thompson, 2015). The ubiquitous presence of this parasite in peri-domestic rodents points to potential contamination of stored grains and other food supplies in the study area. The equally high prevalence of Strongyloides spp. is perhaps even more concerning from a public health perspective. Strongyloides stercoralis, in particular, has a unique ability to complete its life cycle within a single host (autoinfection), leading to chronic, persistent infections that can last for decades in humans (Schär et al., 2013). In immunocompromised individuals, this can escalate into a potentially fatal hyper infection syndrome. The detection of Strongyloides larvae and eggs in rodent feces from peri-domestic sites strongly suggests environmental contamination of soil and surfaces, creating direct exposure pathways for humans and domestic animals through bare skin contact (Bethony et al., 2006).
Contrary to our initial hypothesis and findings from some tropical studies, rodents trapped indoors exhibited a significantly higher prevalence of GI parasites than those from peri-domestic areas (OR = 0.34, p < 0.001). This may reflect longer rodent residence times indoors, closer contact with contaminated stored food, or more stable microclimates favoring parasite egg survival. Future studies should examine indoor rodent behavior and habitat-specific transmission dynamics. 
Although female rodents showed a slightly higher prevalence of infection (87.5% vs. 82.7%), this difference was not statistically significant in the regression model (OR = 1.47, p = 0.14). Thus, sex may not be a strong independent determinant of infection in this rodent population, contrary to some earlier reports.. Several non-mutually exclusive hypotheses may explain this disparity. Physiological factors, such as the immunomodulatory effects of reproductive hormones like estrogen and progesterone, can alter immune responses in females, potentially increasing susceptibility to certain parasitic infections (Klein and Flanagan, 2016). The increased metabolic demands and physiological stress associated with pregnancy and lactation may also compromise immune function, making females more vulnerable. From a behavioral ecology perspective, female rodents in many species often exhibit more intensive and prolonged foraging activity, particularly when provisioning for offspring, which could increase the frequency and duration of exposure to infectious stages of parasites present in the environment (Hillegass et al., 2008). This combination of physiological and behavioral factors likely creates a perfect storm that predisposes female rodents to higher parasite burdens.
The pronounced spatial heterogeneity in prevalence across villages, with 100% infection in Donge, Sahare, and Mikanjuni, precluded reliable regression-based comparisons for these sites. This complete infection reflects extreme local conditions favoring transmission, such as dense vegetation, poor sanitation, or high rodent density. Such conditions are known to favor the persistence and transmission of GI parasites (Stenseth et al., 2003). The stark contrast between villages highlights that zoonotic risk is not uniform, even within a single city. This localized heterogeneity underscores the critical importance of developing targeted, community-specific control interventions, informed by local ecological and socio-economic assessments, rather than relying on uniform, one-size-fits-all national strategies. Future studies with larger sample sizes across more villages are needed to better model village-level risk factors without separation issues.
From a One Health perspective, these findings highlight the interconnectedness of human, animal, and environmental health. Rodents serve as biological indicators of environmental hygiene, with high parasite burdens reflecting poor sanitary conditions (Mackenzie and Jeggo, 2019). Integrating rodent surveillance into zoonotic disease monitoring offers a cost-effective method to detect emerging parasitic threats before they affect humans or domestic animals (García-Peña et al., 2021). The presence of infected rodents in the indoor environments suggests a potential risk for zoonotic transmission, highlighting the importance of community interventions such as awareness campaigns on rodent-borne disease risks, proper food storage, handwashing, and safe waste disposal as measures to mitigate human exposure and disrupt potential transmission cycles. (Hertz et al., 2016). 

While the parasitological methods used provided valuable baseline data, they reveal technological gaps and future research directions. Morphological identification is cost-effective but limited in species-level resolution, and species-level identification was not confirmed. This is especially relevant for closely related taxa like Strongyloides ratti and S. stercoralis, or differentiating Eimeria species, likely underestimating zoonotic risk and co-infection complexity (Taylor et al., 2015). Molecular diagnostics, including PCR, multiplex assays, and DNA sequencing, are crucial for precise species identification, understanding genetic diversity, and tracing cross-species transmission (Liu et al., 2023). Future studies should integrate traditional coprological techniques with molecular tools for a more accurate assessment of rodent-borne parasitic threats to public health.

Study limitations
This study has several limitations. First, parasite identification was based solely on morphology, which may have limited species-level resolution and underestimated co-infections. Second, the cross-sectional design covered only one season, precluding analysis of seasonal variability. Third, the absence of concurrent sampling from humans and domestic animals limited direct inference about zoonotic spillover. Fourth, the focus on selected high rodent activity areas may have introduced sampling bias. Finally, the use of diethyl ether for euthanasia, while approved locally, may not align with contemporary international animal welfare standards. Future studies should consider more modern and widely accepted euthanasia methods where feasible. Despite these constraints, the findings offer critical insights into rodent–parasite ecology in coastal Tanzania.
5. CONCLUSION AND RECOMMENDATION
This study reveals a high burden of zoonotic GI parasites in rodents from Tanga City, with indoor environments posing a higher transmission risk than peri-domestic areas. These findings highlight the need for integrated rodent control strategies that prioritize household-level interventions, including improved food storage, sanitation, and rodent-proofing of dwellings, alongside community education on zoonotic risks. Contrary to expectations, indoor environments were associated with higher infection prevalence, suggesting that enclosed human dwellings may facilitate rodent-parasite transmission. The very high prevalence, coupled with the presence of parasites like Hymenolepis spp and Strongyloides spp., indicates a substantial and ongoing risk of spillover to human populations. The findings affirm that effective control requires a holistic understanding of the ecological (habitat), host (sex), and socio-economic (village-level practices) determinants of infection. Integrated pest management (IPM) programs should be implemented in indoor habitats, emphasizing on indoor rodent control, improved food storage, and household sanitation.  Additionally, community-based awareness campaigns are recommended to enhance local knowledge of rodent-borne disease risks. Future research should incorporate longitudinal surveillance that integrates human, animal, and environmental data to better understand transmission dynamics and zoonotic spillover potential. Molecular studies are also needed to clarify parasite species identity and confirm their zoonotic links.
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