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ABSTRACT 

The Hanoi Wildlife Rescue Center (WRC) plays a crucial role in the rescue, care, and release of wild animals. The 

health of these animals was meticulously evaluated during their care and before their reintroduction into their natural 

habitat. An annual surveillance study of parasitic infections in wildlife at the Hanoi WRC was conducted to establish 

a scientific basis for developing preventive measures to manage the health of these animals. A total of 46 fresh fecal 

samples were opportunistically collected immediately following defecation using a shovel. These samples were 

obtained from 25 tigers (age: 10.83.6 years) and 21 bears (age: 11.24.6 years) captured at the Hanoi WRC in 

November 2024. Fecal samples were examined using sedimentation and centrifugal flotation methods to identify the 

presence of parasites. Subsequently, parasite eggs were collected using a micropipette for DNA extraction. 

Polymerase chain reaction and sequencing techniques were used to determine the parasite species. It was found that 

20.0% of tigers (5 out of 25) and 23.8% of bears (5 out of 21) were infected with parasitic worms. The identification 

of these infections was achieved through the examination of the morphological characteristics of the eggs. This 

analysis identified the presence of trematode eggs, nematode eggs, including Strongyle type, and Toxascaris leonina. 

Molecular analysis further identified Strongyle eggs as belonging to Ancylostoma ceylanicum, which accounted for 

12.0% of infections in tigers and 23.8% in bears. Additionally, Toxascaris leonina was detected exclusively in 

tigers, representing 12.0% of infections. Trematode eggs were found solely in tiger feces; however, molecular 

amplification was unsuccessful due to the insufficient number of eggs detected. The discovery of two zoonotic 

nematodes, A. ceylanicum and To. leonina in tigers and bears at the Hanoi (WRC) underscores the potential risk of 

nematode transmission from wildlife to humans and domestic animals in this area and its surrounding areas. The 

findings of this study will aid in the development of a prevention program aimed at controling gastrointestinal 

helminths in wild animals within the study region. 
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INTRODUCTION  

  

Wildlife Rescue Centers play a significant role in the rescue of wild animals from illegal hunting and trafficking, 

subsequently releasing them back into their natural habitats. These activities not only guard endangered species from 

extinction but also contribute to the preservation of biodiversity and enhancement of ecosystems in Vietnam (Decision 

No. 1495/QD-UBND, dated March 15, 2025, issued by the Hanoi People's Committee). However, in a confined area, 

parasitic infection is a major problem due to the high risk of parasitic exposure in animals. It can directly affect animal 

health, cause severe diarrhea, and even be fatal. It also carries the risk of transmitting parasites from wild animals to 

domestic animals and even to humans (Mackenstedt et al., 2016). The Asian black bear (Ursus thibetanus) and Bengal 

tigers (Panthera tigris) are now critically endangered species on the list of animals that need to be preserved in the 

world (IUCN, 2015; Goodrich et al., 2015; IUCN, 2020; Garshelis and Steinmetz, 2020) and Vietnam’s Red Data Book. 

However, worldwide studies on parasitic infections in these animals, as well as in Vietnam, have been undertaken.  

Several studies have assessed the prevalence of gastrointestinal parasites in wild mammals that are housed in 

zoological gardens. The findings indicated a high incidence of parasitic infections among these animals, with prevalence 

rates ranging from 18% to 100% (Liza et al., 2020a; b; Chiu et al., 2021; Dibakou et al., 2021; Maharjan et al., 2025). In 

Chitwan National Park, Nepal, the prevalence of helminth infections among wild animals was documented to be 85.7% 

(Maharjan et al., 2025). Additionally, 90% of Bengal tigers in Bangabandhu Sheikh Mujib Safari Park, Gazipur, Dhaka, 

were found to be affected by gastrointestinal parasites (Liza et al., 2020b). Furthermore, the prevalence of helminth 

infections in Andean bears in Chingaza (Massif, Colombia) ranges from 5% to 62%, depending on the specific parasites 

involved (Quintero et al., 2023). Alaska brown bears captured in restricted areas of the United States exhibited an overall 

prevalence rate of 14.4% (Haynes et al., 2023), whereas in brown bears inhabiting the Cantabrian Mountains (north-
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western Spain), the rate was 64.1% to 79.3% (Cano et al., 2024; Remesar et al., 2024). The composition of parasites 

varied, including trematodes, cestodes, and nematodes, with nematodes being the most prevalent helminth type. For 

Bengal tigers, the nematodes identified were Toxocara spp., Toxascaris leonina, Ascaris spp., hookworms (Strongyle 

spp.), Strongylus spp., Trichuris spp., Capillaria spp., Nematodirus spp., and Strongyloides spp. (Liza et al., 2020a; b; 

Chiu et al., 2021; Maharjan et al., 2025). Additionally, trematodes such as Paramphistomun spp. and Paragonimus spp. 

were detected at a low prevalence (Ram et al., 2020; Maharjan et al., 2025). Furthermore, cestodes such as Hymelolepsis 

spp., Diphyllobothrium spp., Spirometra spp., and Taenia spp. have been identified in Bengal tigers (Liza et al., 2020b). 

For Asiatic black bears, besides nematodes such as Toxocara spp., Ascaris spp., Trichuris spp., and hookworms, 

Bayliascaris transfuga, Oesophagostomum sp., Trichostrongylus sp. were detected (Liza et al., 2020a; Hwang et al., 

2021; Kim et al., 2025). The composition of cestodes parasitizing bears was similar to that observed in tigers, but no 

trematodes were detected in this species (Liza et al., 2020a). Most of these parasites were identified only at the genus 

level using fecal examination techniques or coprological analysis. 

During an annual surveillance study of parasitic infections in wildlife at the Hanoi Wildlife Rescue Center (WRC), 

fecal samples were collected from Bengal tigers and Asian black bears. Fecal examination techniques and molecular 

methods were then employed to identify the prevalent parasites. Thus, the aim of this study is to determine the 

composition of parasites in tigers and bears at the Hanoi WRC, then to provide a scientific basis for establishing 

preventive measures to manage the health of these animals. 

 

MATERIALS AND METHODS 

 

Ethical approval 
The study was conducted by the 2024 disease prevention plan for wild animals, which was approved by the Board of 

Directors of the Hanoi Wildlife Rescue Center (WRC) and authorized by the Hanoi Department of Agriculture and Rural 

Development. 

 

Study area  

The Hanoi Wildlife Rescue Center, formerly designated the Wildlife Rescue Center and Forest Protection 

Technology, was established in 1996. The center occupies an area of approximately 10,000 m
2
, situated in the Soc 

Son district, 30 km North of Hanoi's urban center, Vietnam. The annual temperature in this area ranges from 14°C to 

34°C and is divided into two distinct seasons. The hot season extends from April to October and is characterized by an 

average daily temperature exceeding 31°C. Conversely, the cool season spans November to March, with an average daily 

temperature below 22°C. The mean annual rainfall is recorded at 94.0±75.2 mm. This location constitutes the sole 

forested area in the capital city, encompassing 6,630 hectares. The center fulfills multiple functions, including 

coordinating rescue operations, implementing conservation efforts, conducting captive breeding programs, initiating 

scientific research, and facilitating educational visits. Additionally, it maintains domestic and international relations 

for the research, conservation, exchange, and provision of subsequent wildlife generations (F2, second generation of 

offspring). Furthermore, the center supports the management of wildlife rescue operations within the purview of the 

Department of Agriculture and Rural Development.  

 

Fecal sample collection  

A total of 46 fecal samples were collected from 25 tigers and 21 bears captured at the Hanoi Wildlife Rescue 

Center in November 2024. Fresh fecal samples were opportunistically collected immediately following defecation 

using a shovel and were subsequently placed in plastic bags labeled with name, age, and gender. As each animal was 

housed in its cage, repeated fecal collection was avoided. The feces were stored at 4 °C and sent to the Department of 

Veterinary Medicine, Vietnam National University of Agriculture. Five grams of feces of each animal were weighed 

and examined by two techniques, including sedimentation (Thawait et al., 2014) and centrifugal flotation methods 

(Dryden et al., 2005). Helminth eggs were examined under a light microscope at 10X and 40X magnification using an 

Olympus light microscope (Olympus, SZX7, Japan). The ova of different parasites were identified based on their 

morphologies (Soulsby, 1982). The eggs were then classified, counted to evaluate the intensity of infection based on 

the number of eggs per gram of feces. The eggs were then picked up using a micropipette under the microscope and 

kept in 1.5 ml Eppendorf tubes for further analysis. 

 

DNA extraction and amplification by polymerase chain reaction assay 

Nematode DNA was extracted from eggs using a commercial DNA extraction kit (Genomic DNA Pre Kit, 

BioFact, Korea) designed for animal tissue samples, following the manufacturer’s protocol with slight modifications. 

Specifically, during the initial incubation phase, samples were incubated for 2 h at 56 °C, deviating from the standard 10-

minute protocol. The final DNA elution was conducted in 50 l buffer.  
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The conserved internal transcribed spacer (ITS) sequences of nematodes were amplified using the universal primer 

sets described by Zhu et al. (2002). The primer sequences were NC5-forward: 5'-GTA GGT GAA CCT GCG GAA 

GGA TCA TT-3' and NC2-reverse: 5'-TTA GTT TCT TTT CCT CCG CT-3' (Zhu et al., 2002). The polymerase chain 

reaction (PCR) reaction contained 15 l Master Mix 2X (Phusa Biochem, Vietnam), 0.75 l of each primer (final primer 

concentration of 0.4 mM), and 3 l template DNA. The amplification conditions for the PCR assay were 94°C for 5 min 

for initial denaturation, followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 60°C for 30 s, extension at 

72°C for 30 s, and a final extension at 72°C for 5 min (Zhu et al., 2002). Verification of the gene amplification process 

was conducted through electrophoresis on a 1% agarose gel supplemented with GelRed ® DNA stain (Biotium, Fremont, 

CA, USA). This procedure was performed at 135 V for 30 min. To determine the size of the PCR products, a 100 bp 

ladder (BioFact, Daejeon, Republic of Korea) was used as a reference.  

 

DNA sequencing and phylogenetic tree construction 

The PCR products were sent and sequenced for both strands using the primer sets in the PCR assay. DNA 

sequencing was conducted using 1st BASE services (Apical Scientific, Sdn. Bhd, Selangor, Malaysia). In case of the 

appearance of a non-specific band in the PCR product, DNA gel extraction of the specific band was performed before the 

sequencing step. This procedure was also carried out by 1st BASE services (Apical Scientific, Sdn. Bhd, Selangor, 

Malaysia). A phylogenetic tree was generated using MEGA XI software (Tamura et al., 2021) by applying the maximum 

likelihood algorithm with 1000 bootstrap replicates. The sequences obtained from this study were aligned and compared 

with those from GenBank using the BLAST search tool (NCBI, 2024). 

 

Statistical analysis 

Parasite prevalence was determined using descriptive statistics with 95% confidence intervals (SPSS version 24). 

The standard deviation represents the variations in the intensity of infection and the age of animals. 

 

RESULTS 

 

The captured tigers and bears   

Upon arrival at the center, rescued animals were cared for and raised in accordance with the Rescue Technical 

Process, as stipulated by Decision No. 31/2022/QD-UBND, dated September 7, 2022, issued by the Hanoi People's 

Committee. This decision delineated the processes and technical economic norms for the care and rescue of wild animals 

in Hanoi. As of November 2024, the center houses 25 tigers and 21 bears, all of which have been rescued from illegal 

trafficking and transportation by the authorities, as well as from individuals who voluntarily surrendered and donated 

them. In the context of tigers, the smallest individual weighed approximately 1.5 kg at around two weeks of age and 

required milk feeding. Some cubs were rescued in a condition of severe obesity, with joint deformities resulting from the 

enforced weight gain. Furthermore, some individuals (non-public data) were anesthetized during transport, which led to a 

decline in their health, whereas others were confined to restricted enclosures, limiting their movement. Regarding bears, 

the smallest individual weighed approximately 2 kg at approximately one month of age and was similarly fed with milk. 

These bears were rescued from inadequate welfare conditions, predominantly from honey farms where they displayed 

emaciated bodies and damaged paw pads due to ingrown claws, a consequence of being kept in confined spaces without 

sufficient care. The entirety of tigers and bears were maintained and nurtured at the rescue center rather than being 

released into their natural habitats. Detailed information regarding the age and sex of the animals is shown in Table 1. 

 

Table 1. The number of tigers and bears captured at Hanoi Wild Rescue Center, Vietnam, from June to May 2024 

 Tiger (Panthera tigris) 

(No. of individuals) 

Bear (Ursus thibetanus) 

(No. of individuals) 

Age (year) (meanSD) 

< 10 

From 10 to 20 

≥ 20 

10.83.6 

9 

16 

0 

11.24.6 

9 

10 

2 

Gender 

Male 

Female 

 

15 

10 

 

10 

11 

No: Number; Mean: Average value; SD: Standard deviation 
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The prevalence of intestinal helminths  

Among the 46 tigers and bears housed at the rescue center, five out of 25 tigers and five out of 21 bears were found 

to be infected with parasitic worms, representing 20.0% and 23.8%, respectively (Table 2). Based on the morphological 

characteristics (Soulsby, 1982), it can be preliminarily concluded that these animals were infected with trematode eggs 

(Fasciola-like eggs) (2/46 infected animals, accounting for 4.4%), Toxascaris leonina (Ta. leonina) eggs (3/46 infected 

animals, accounting for 6.5%), and Strongyle eggs (8/46 infected animals, accounting for 17.4%) (Table 2; Figure 1.). 

Notably, tigers were infected with all three types of helminths, whereas bears were infected only with Strongyle 

roundworms. Regarding trematode eggs, only two tigers exhibited very low infection intensity (0.2  0.0 EPG). Because 

of the low intensity of infection, it was not succeeded to identify this fluke egg using molecular techniques. The intensity 

of roundworm egg infection was higher, particularly for Ta. leonina eggs (7.7  6.5 EPG). The infected individuals were 

distributed across different cages. Both the infected and uninfected individuals were detected in the same cage. Two 

tigers were found to be co-infected with both trematode and Strongyle eggs, as well as Strongyle and Ta. leonina eggs. 

 

Table 2. Prevalence of intestinal helminths in Bengal tigers (Panthera tigris) and Asian black bears (Ursus 

thibetanus) at Hanoi WRC, Vietnam in November 2024 

Items 
Tiger (Panthera tigris) 

(n=25) 

Bear (Ursus thibetanus) 

(n=21) 
Total 

Fluke 

Rate of infection (%) 

Intensity of infection (EPG) (mean  SD) 

2/25 (8.0%) 

(95%, CI: 1.0-26.0) 

0.20.0 

0/21 (0.0%) 

 

0 

2/46 (4.4%) 

(95%, CI: 0.0-10.2) 

 

Strongyle type 

Rate of infection (%) 

Intensity of infection (EPG) (mean  SD) 

3/25 (12.0%) 

(95%, CI: 2.6-31.2) 

1.41.1 

5/21 (23.8%) 

(95%, CI: 8.8-47.2) 

3.64.1 

8/46 (17.4%) 

(95%, CI: 6.4-28.3) 

 

Toxascaris leonina 

Rate of infection (%) 

Intensity of infection (EPG) (mean  SD) 

3/25 (12.0%) 

(95%, CI: 2.6-31.2) 

7.76.5 

0/21 (0.0%) 

 

0 

3/46 (6.5%) 

(95%, CI: 0-13.7%) 

 

Total 
5/25 (20.0%) 

(95%, CI: 6.8-40.7) 

5/21 (23.8%) 

(95%, CI: 8.8-47.2) 
 

n: The number of animals examined; EPG: Egg per gram; mean: Average value; SD: Standard deviation; CI: Confidence interval  

 

 
Figure 1. The eggs detected in the present study. A: Strongyle eggs, B: Toxascaris leonina.  

 

Molecular analysis 

Using a PCR assay, the internal transcript space (ITS) gene was successfully amplified, yielding a size of 850 base 

pairs for the Strongyle worm and approximately 900 base pairs for Ta. leonina (Figure 2). The gene sequencing process 

yielded two sequences of Strongyle worm, each comprising 806 nucleotides, and a sequence of Ta. leonina contains 825 

nucleotides. Strongyle eggs were identified as A. ceylanicum by comparison with the reference sequences available in 

GenBank (Figure 3). The nucleotide similarity between the two A. ceylanicum sequences obtained in this study were 

100%. Furthermore, the nucleotide similarity rate between these sequences and the reference sequences (LC036567, 

DQ381541, KM066110, PP527745, KF279132, KF279134, KF279135, and OR826944) ranged from 99.71% to 100%. 

Sequences exhibiting 100% identity with the sequences in this study included PP527745, which corresponds to A. 

ceylanicum isolated from humans, and KF279132 and OR826944, which correspond to A. ceylanicum isolated from 

wolves. The results of gene sequencing confirmed that the ascarid eggs isolated from tiger feces were identified as Ta. 

leonine (Figure 4). Nucleotide identity between Ta. leonina sequences in this study and those referenced from GenBank 
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ranged from 96.28% to 100%. A nucleotide identity of 100% was observed between Ta. leonina sequence in this study 

and sequences derived from wildlife animals, such as tigers (Panthera tigris spp.), lynx (Lynx lynx), and leopard 

(Panthera leo; GenBank accession numbers: MK309895, JF837179, JF837175, MK309905, KR999999, JF837177, 

MK381264).  

 

 
Figure 2. The image of PCR products amplified from the 

partial internal transcript space (ITS) gene. M: 100bp ladder; lane 

1: PCR product amplified from Strongyle eggs isolated from tigers; 

lane 2: PCR product amplified from Strongyle eggs isolated from 
bears; lane 3: PCR product amplified from Toxascaris leonina eggs 

isolated from tigers.  

 
Figure 3.  The phylogenetic analysis of Ancylostoma 

ceylanicum based on the partial ITS gene using the Maximum 

likelihood algorithm with 1,000 bootstrap replicates on MEGA 

XI. The A. ceylanicum isolates in this study were indicated by solid red 

circles.  

 

 
Figure 4. The phylogenetic analysis of Toxascaris leonina based on the partial ITS gene using the Maximum likelihood algorithm 

with 1,000 bootstrap replicates on MEGA XI. The Toxascaris leonina isolate in this study was indicated by solid red circles.  

 
DISCUSSION 

 

Wildlife species, including primates and carnivores, are vulnerable to gastrointestinal parasites, particularly when 

confined to cages or restricted areas, where inadequate sanitation, feeding management, and crowding can elevate the 

risk of parasite exposure and transmission (Malan et al., 1997). Consequently, these conditions can compromise the 

immune systems of animals, resulting in decreased resistance and increased mortality rates (Malan et al., 1997; Bista et 

al., 2017; Adhikari et al., 2023). Identifying parasitic infections in wildlife is crucial for developing preventive strategies 

to reduce the risk of reinfection, enhance animal health, and mitigate the transmission of pathogens to domestic animals 

and humans.  
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The diversity of nematode species was notable in Bengal tigers and Asian black bears, with Ascaris spp. being 

detected at the highest rate (57.14%), followed by hookworms (37.71%). Additionally, several other nematodes have 

been identified, including Toxocara spp., Strongyloides spp., Toxascaris leonina, Trichuris spp., Capillaria spp., 

Strongylus spp., and Nematodirus spp. except for Ta. leonina, other roundworms have been identified only at the genus 

level (Liza et al., 2020a; b; Chiu et al., 2021; Maharjan et al., 2025). In the present study, two types of nematodes were 

detected, including Ta. leonina in Bengal tigers and Strongyle spp. in both Bengal tigers and Asiatic black bears. Ta. 

leonina can be readily identified based on egg morphology (Soulsby, 1982). However, for Strongyle spp., molecular 

techniques are essential for species-level identification, and A. ceylanicum has been identified as a species that 

parasitizes these animals in this study. 

Ancylostoma ceylanicum is commonly known as a canid hookworm that is highly endemic in the Asia-Pacific 

region (Colella et al., 2021). The prevalence of A. ceylanicum in dogs ranges from 4.7% to 96.5%, and approximately 

50% in cats in countries in the Asia-Pacific region (Kladkempetch et al., 2020; Zendejas-Heredia et al., 2022; Tenorio 

et al., 2024). In Vietnam, the prevalence of A. ceylanicum in dogs is 25% in Dong Thap and Soc Trang provinces 

(Nguyen et al., 2016), and 67% in Dak Lak province (Ng-Nguyen et al., 2015), and no information on the detection of 

A. ceylanicum in cats has been reported. In addition, the detection rate of A. ceylanicum in humans has fluctuated 

from 5.3% in Thailand (O’Connell et al., 2018) to 95.5% in Timor Leste (Papaiakovou et al., 2017) and 52.1% in Long 

province, Vietnam (Bui et al., 2021). In addition to the detection of this hookworm in domestic dogs and cats, A. 

ceylanicum has been detected in some wild animals such as Asian golden cats (Viverricula malaccensis), leopard cats 

(Felis bengalensis), civets (Felis temminchii), coyotes (Canis latrans), and dingos (Canis lupus dingo (Smout et al., 

2013; Zendejas-Heredia et al., 2024). However, no information has been reported on the detection of A. ceylanicum in 

wild animals such as Bengal tigers and Asiatic black bears, although some reports have documented the detection of 

other Ancylostoma species, such as A. caninum, A. tubaeforme in black bears (Crum et al., 1978; Foster et al., 2004); A. 

malayanum, A. ceylanicum, A. caninum, and A. braziliense in captive sloth bears in India (Baylis and Daubney, 1922). 

The most significant consequence of hookworm infection in both humans and animals is iron deficiency anemia 

(Pasricha et al., 2008; Bowman et al., 2010). In cases of acute heavy infection, blood loss exceeding 500 mL can occur 

within the first two weeks in dogs (Rep et al., 1971). Severe anemia may manifest in human patients due to depletion of 

erythrocytes, iron, and hemoproteins (Jourdan et al., 2018). A. ceylanicum is estimated to cause nearly 100 million cases 

in Southeast Asia and the Pacific region, making it the second most prevalent hookworm infecting humans in this area 

(Traub, 2013; Traub et al., 2021; Colella et al., 2021). These findings support the assertion that A. ceylanicum represents 

an emerging zoonotic health issue in the Asia-Pacific countries. 

The Ta. leonina is classified as an ascarid nematode, alongside Toxocara canis and T. cati, affecting carnivorous 

species, including both canines and felines (Okukewicz et al., 2012). The global prevalence of Ta. leonina in domestic 

dogs and cats is estimated at 2.9% and 3.4%, respectively (Rostami et al., 2020). However, this prevalence is 

significantly higher in wild canid species, such as the red fox (Vulpes vulpes), jackal (Canis aureus), wolf (Canis lupus), 

raccoon dog (Nyctereutes procyinides), and arctic fox (Alopex lagopus), reaching up to 52.2% (Okulewicz et al., 2012), 

and in wild felid species, including lions (Panthera leo), bengal tigers (Panthera tigris), jaguars (Panthera onca), pumas 

(Puma concolor), and lynx (Lynx sp.), reaching 57.1% (Okulewicz et al., 2002). The intensity of Ta. leonina infection is 

notably high, with 27,150 eggs per gram (EPG) in South China tigers, China (Chiu et al., 2021) or 65 eggs per field of 

view in direct microscopic smear preparations in an Angolan lion in the Wroclaw Zoological Garden, Poland (Okulewicz 

et al., 2012). In the current study, Ta. leonina was detected in three out of 25 tiger fecal samples, accounting for 12.0%, 

with an intensity ranging from 8 to 135 eggs per 5 g of feces. Another study has reported the prevalence of Ta. leonina in 

dogs in Vietnam was 0.54% (Nguyen et al., 2020). These findings suggest that, Ta. leonina is more prevalent in wildlife 

than in domestic dogs or cats. Stray dogs and cats infected with Ta. leonina often/usually showed poor nutritional 

condition, leading to susceptibility to other infections (Rostami et al., 2020) or affected body weight and fur quality in 

heavily infected arctic foxes (Bauer et al., 2024). Although the transmission of T. canis and T. cati to humans is well 

documented globally, causing conditions such as ocular larval migrans, visceral migrans, and covert toxocariasis 

(Magnaval et al., 2001), there is limited information regarding Ta. leonina as a zoonotic pathogen. Although infrequently 

reported, Ta. leonina is considered a potential agent for hypereosinophilia in humans (Rausch and Fay, 2011). 

In this study, both A. ceylanicum and Ta. leonina are classified as soil-transmitted helminths and are characterized 

by a direct life cycle that does not involve intermediate hosts. Additionally, Ta. leonina can invade and persist for 

extended periods in paratenic hosts, including laboratory animals and natural rodents, such as voles and mice, which may 

serve as a food source for carnivores (Okoshi and Usui, 1968; Okulewicz, 2008; Rausch and Fay, 2011). Following the 

fecal examination results, the animals in this study were administered a deworming drug (Sanpet 125 mg containing 

praziquantel 25 mg and pyrantel pamoate 100 mg, Hanvet company, Vietnam) following the manufacturer’s instructions. 

Two weeks later, feces were collected for re-examination, and no eggs were detected. However, in zoological settings or 
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confined environments, eradication of A. ceylanicum, Ta. leonina and other soil-transmitted helminths present significant 

challenges because of their persistent presence in the surrounding environment, which facilitates reinfection in 

carnivores (Singh et al., 2006; Bartosik and Górski, 2010; Okulewicz et al., 2012).  

 

CONCLUSION 

 

This study represents the first report on the detection of Ancylostoma ceylanicum in Bengal tigers (Panthera tigris) 

(12.0%) and Asian black bears (Ursus thibetanus; 23.8%) within the Hanoi WRC, Vietnam. Alongside Toxascaris 

leonina, which infects 12.0% of tigers, have been identified as potential zoonotic pathogens. The findings of this study 

highlighted the risk of nematode transmission from wildlife to humans and domestic animals in the Hanoi WRC and its 

surrounding regions. Therefore, further research is needed to investigate gastrointestinal parasites in other animal species 

within the Hanoi WRC as well as in domestic animals in adjacent areas. The development of a prevention program for 

eliminating helminths in the Hanoi WRC and its neighboring areas can be considered in future studies. 

 

DECLARATIONS 

 

Funding 

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit 

sectors. 

 

Availability of data and materials 
The data to support the findings of this study is available upon reasonable request from the corresponding author. 

 

Acknowledgments  
The authors would like to thank the Hanoi Wildlife Rescue Center for generously providing the fecal samples for 

this study. The authors would also like to acknowledge the support of the Paperpal for helping us with the revision of the 

manuscript. 

 

Author’s contributions 

Yen Thi Hoang Nguyen Planned and designed the research, analyzed the data, wrote, edited, and revised the 

manuscript. Duc Minh Nguyen collected samples and provided significant information about Hanoi WRC for writing the 

manuscript. Thị Thu Hang Trinh collected samples and provided significant information about Hanoi WRC for writing 

the manuscript. All authors have read and approved the final edition of the submitted manuscript. 

 

Competing interests 
The authors declare that they have no conflict of interest.  

 

Ethical considerations  

This paper was originally written by the authors and has not been submitted or published elsewhere. The authors 

checked the text of the article for plagiarism index and confirmed that the text of the article is written based on their 

original scientific results 

 

REFERRENCES 

 
Adhikari A, Koju NP, Maharjan B, Khanal L, Upreti M, and Kyes RC (2023). Gastrointestinal parasites of urban rhesus macaques (Macaca mulatta) in 

the Kathmandu Valley, Nepal. International Journal for Parasilology: Parasites and Wildlife, 22: 175-183. DOI: 

https://www.doi.org/10.1016/j.ijppaw.2023.10.007 

Bauer C, Lider LA, Ussenbayev AE, Seitkamzina DM, Zhanabayev AA, Maksimov P, and Knaus M (2024). Toxascaris leonina in dogs – A nematode 

species of high prevalence in some regions of Eurasia. Veterinary Parasitology: Regional Studies and Reports, 48: 100986. DOI: 
https://www.doi.org/10.1016/j.vprsr.2024.100986 

Baylis HA and Daubney R (1922). Report on the parasitic nematodes in the collection of the zoological survey of India. Memoirs of the Indian 

Museum, 7(4): 264-347. Available at: https://www.biostor.org/reference/117346 

Bartosik J and Górski P (2010) The intestinal parasites of the selected mammal species, living in zoological gardens and wild animal parks. Roczniki 

Naukowe Polskiego to warzystwa Zootechnicznego, 6(3): 143-150. Available at: https://www.pubmed.ncbi.nlm.nih.gov/19338219/ 

Bista D, Shrestha S, Kunwar AJ, Acharya S, Jnawali SR, and Acharya KP (2017). Status of gastrointestinal parasites in red panda of Nepal. PeerJ, 5: 
e3767. DOI: https://www.doi.org/10.7717/peerj.3767 

Bowman DD, Montgomery SP, Zajac AM, Eberhard ML, and Kazacos KR (2010). Hookworms of dogs and cats as agents of cutaneous larva migrans. 

Trends in Parasitology, 26(4): 162-167. DOI: https://www.doi.org/10.1016/j.pt.2010.01.005 

Bui KL, Nguyen TH, Duong DH, Nguyen VL, Nguyen TN, Le LA, Cong HM, Tran KT, Le DV, Nagayatsu E et al. (2021). Ancylostoma ceylanicum 

infections in humans in Vietnam. Parasitology International, 84: 102405. DOI:  https://www.doi.org/10.1016/j.parint.2021.102405 

https://www.doi.org/10.1016/j.ijppaw.2023.10.007
https://www.sciencedirect.com/journal/veterinary-parasitology-regional-studies-and-reports
https://www.doi.org/10.1016/j.vprsr.2024.100986
https://biostor.org/reference/117346
https://pubmed.ncbi.nlm.nih.gov/19338219/
https://www.doi.org/10.7717/peerj.3767
https://www.doi.org/10.1016/j.pt.2010.01.005
https://www.doi.org/10.1016/j.parint.2021.102405


World Vet. J., 15(2): 283-291, 2025 

 

291 

Cano EV, Penteriani V, Vega I, del Mar Delgado M, Gonzalez-Bernardo E, Bombieri G, Zarzo-Arias A, Fernandez RSA, and Paz-Silva A (2024). 
Influence of seasonality and biological activity on infection by helminths in Cantabrian bear. International Journal for Parasitology: Parasites and 

Wildlife, 23: 100916. DOI: https://www.doi.org/10.1016/j.ijppaw.2024.100916 

Chiu HC, Fan K, Sun X, Lin K, Chen TT, Yang F, Qiu YF, Wei DX, and Huang CQ (2021). Detection and molecular characterisation of intestinal 

parasites in the South China tiger Panthera tigris amoyensis (Hilzheimer). Folia Parasitology, 68: 029. DOI: 
https://www.doi.org/10.14411/fp.2021.029 

Colella V, Bradbury R, and Traub R (2021). Ancylostoma ceylanicum. Trends in Parasitology, 37(9): 844-845. DOI: 

https://www.doi.org/10.1016/j.pt.2021.04.013 

Crum JM, Nettles VF, and Davidson WR (1978). Studies on endoparasites of black bear (Ursus americanus) in Southeastern United States. Journal of 

Wildlife Diseases, 14(2): 178-186. DOI: https://www.doi.org/10.7589/0090-3558-14.2.178 

Decision No. 1495/QD-UBND (2025). Decision: On the regulation of the functions, tasks, powers and organizational structure of the Hanoi Wildlife 
Rescue Center under the Department of Agriculture and Environment of Hanoi city” issued by the Hanoi People's Committee. Available at: 

https://www.thuvienphapluat.vn/van-ban/Bo-may-hanh-chinh/Quyet-dinh-1495-QD-UBND-2025-chuc-nang-Trung-tam-Cuu-ho-dong-vat-

hoang-da-Ha-Noi-648253.aspx 

Dibakou S, Maloueki U, Ngoubangoye B, Boundenga L, Ntie S, Tsoumbou T, Moussadji C, Zang RO, Kombila D, and Basset D (2021). Diversity of 
gastrointestinal parasites in sympatric mammals in Moukalaba-Doudou National Park, Gabon. Veterinary World, 14(12): 3149-3155. DOI: 

https://www.doi.org/10.14202/vetworld.2021.3149-3155 

Dryden MW, Payne PA, Ridley R, and Smith V (2005). Comparison of common fecal floatation techniques for the recovery of parasite eggs and 

oocysts. Veterinary Therapeutics, 6(1): 15-28. Available at: https://www.pubmed.ncbi.nlm.nih.gov/15906267/ 

Garshelis D and Steinmetz R (2020). Ursus thibetanus (amended version of 2016 assessment). The IUCN Red List of Threatened Species, 2020: 
e.T22824A166528664. DOI: https://www.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T22824A166528664.en 

Goodrich J, Lynam A, Miquelle D, Wibisono H, Kawanishi K, Pattanavibool A, Htun S, Tempa T, Karki J, Jhala Y, and Karanth U (2015). Panthera 

tigris. The IUCN Red List of Threatened Species, 2015: e.T15955A50659951. DOI: http://www.doi.org/10.2305/IUCN.UK.2015-

2.RLTS.T15955A50659951.en 

Foster GW, Cunningham MW, Kinsella JM, and Forrester DJ (2004). Parasitic helminths of black bear cubs (Ursus americanus) from Florida. Journal 

of Parasitology, 90(1): 173-175. DOI: https://www.doi.org/10.1645/GE-127R 

Haynes E, Coker S, Yabsley MJ, Niedrighaus KD, Ramey AM, Verocai GG, Hilderbrand GV, Joly K, Gustine DD, Mangipane B et al. (2023). Survey 

for Selected Parasites in Alaska Brown Bears (Ursus arctos). Journal of Wildlife Diseases, 59(1): 186-191. DOI: 
https://www.doi.org/10.7589/JWD-D-22-00070 

Hwang MH, Chin TW, Yu PH (2021). Endoparasites of Formosan black bears (Ursus thibetanus formosanus) during acorn season in Yushan National 

Park, Taiwan. Journal of Wildlife Diseases, 57(2): 345-356. DOI: https://www.doi.org/10.7589/JWD-D-20-00067 

Jourdan PM, Lamberton PHL, Fenwick A, and Addiss DG (2018). Soil-transmitted helminth infections. The Lancet, 391(10117): 252-265. DOI: 

https://www.doi.org/10.1016/S0140-6736(17)31930-X 

Kim N, Nath TC, Choi T, Kim S, and Choe S (2024). Infection status of Baylisascaris transfuga in captive Asiatic black bears (Ursus thibetanus) from 
three bile farms in South Korea, with molecular analyses. Parasitology International, 104: 102992. DOI: 

https:/www.doi.org/10.1016/j.parint.2024.102992 

Kladkempetch D, Tangtrongsup S, and Tiwananthagorn S (2020). Ancylostoma ceylanicum: the neglected zoonotic parasite of community dogs in 

Thailand and its genetic diversity among Asian countries. Animals, 10(11): 2154. DOI: https://www.doi.org/10.3390/ani10112154 

Liza FT, Mukutmoni M, and Begum A (2020a). Gastrointestinal parasites of captive Asiatic black bear in three zoological parks of Bangladesh. 
Bangladesh Journal of Zoology, 48(1): 119-125. DOI: https://www.doi.org/10.3329/bjz.v48i1.47881 

Liza FT, Mukutmoni M, and Begum A (2020b). Occurrence of gastrointestinal (GI) parasites in Bengal tiger and African lion of Bangabandhu Sheikh 

Mujib Safari Park, Gazipur, Dhaka. Asian Australasian Journal of  Bioscience and Biotechnology, 5(1): 27-32.DOI: 

https://www.doi.org/10.3329/aajbb.v5i1.53859 

Mackenstedt U, Jenkins D, and Romig T (2015). The role of wildlife in the transmission of parasitic zoonoses in peri-urban and urban areas. 
International Journal for Parasitology: Parasites and Wildlife, 4(1): 71-79. DOI: https://www.doi.org/10.1016/j.ijppaw.2015.01.006 

Maharjan B, Jain P, and Koju NP (2025). Zoonotic risks and conservation challenges: Gastrointestinal parasites in wild mammals of Chitwan National 

Park, Nepal. International Journal for Parasilology: Parasites and Wildlife, 26: 101041. DOI: https://www.doi.org/10.1016/j.ijppaw.2025.101041 

Magnaval JF, Glickman LT, Dorchies P, and Morassin B (2001). Highlights of human toxocariasis. Korean Journal of Parasitology, 39(1): 1-11. DOI: 

https://www.doi.org/10.3347/kjp.2001.39.1.1 

Malan FS, Horak IG, Vos V, and Van Wik JA (1997). Wildlife parasites: lessons for parasites control in livestock. Veterinary Parasitology, 71(2-3): 
137-153. DOI: https://www.doi.org/10.1016/S0304-4017(97)00030-7 

Ng-Nguyen D, Hii SF, Nguyen VAT, Nguyen TV, Nguyen DV, and Traub RJ (2015). Re-evaluation of the species of hookworms infecting dogs in 

Central Vietnam. Parasites & Vectors, 8: 401. DOI: https://www.doi.org/10.1186/s13071-015-1015-y 

Nguyen TC, Nguyen HBT, and Nguyen HH (2016). The study of canine hookworms in Dong Thap and Soc Trang province by analyzing morphology 

characteristics and molecular biology. Can Tho University Journal of Science, 2(Special issue): 99-105. Available at: 
https://www.ctujsvn.ctu.edu.vn/index.php/ctujsvn/article/view/2675 

Nguyen YTH, Tran HT, Nguyen VP, Pham TT, and Dong TA (2020). The status of intestinal parasite infection in dogs and risk potential of zoonotic 

disease of parasites. Veterinary Sciences and Technology, 27(8): 63-71. Available at: http://www.tapchi.hoithuyvietnam.org.vn/ky-sinh-trung-

duong-ruot-tren-cho-va-nguy-co-truyen-lay-sang-nguoi.htm 

National center for biotechnology information (NCBI) (2024). Bethesda (MD): National library of medicine (US), national center for biotechnology 
information. Available at: https://www.ncbi.nlm.nih.gov/ 

O’Connell EM, Mitchell T, Papaiakovou M, Pilotte N, Lee D, Weinberg M, Sakulrak P, Tongsukh D, Oduro-Boateng G, Harrison S et al. (2018). 

Ancylostoma ceylanicum hookworm in Myanmar Refugees, Thailand, 2012–2015. Emerging Infectious Diseases, 24(8): 1472-1481. DOI: 

https://www.doi.org/10.3201/eid2408.180280 

Okoshi S and Usui M (1968). Experimental studies on Toxascaris leonina. VI. Experimental infection of mice, chickens and earthworms with 
Toxascaris leonina, Toxocara canis and Toxocara cati. Nihon Juigaku Zasshi, 30(3): 151-66. DOI: 

https://www.doi.org/10.1292/jvms1939.30.151 

https://doi.org/10.1016/j.ijppaw.2024.100916
https://www.doi.org/
https://doi.org/10.1016/j.pt.2021.04.013
https://doi.org/10.7589/0090-3558-14.2.178
https://thuvienphapluat.vn/van-ban/Bo-may-hanh-chinh/Quyet-dinh-1495-QD-UBND-2025-chuc-nang-Trung-tam-Cuu-ho-dong-vat-hoang-da-Ha-Noi-648253.aspx
https://thuvienphapluat.vn/van-ban/Bo-may-hanh-chinh/Quyet-dinh-1495-QD-UBND-2025-chuc-nang-Trung-tam-Cuu-ho-dong-vat-hoang-da-Ha-Noi-648253.aspx
https://www.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T22824A166528664.en
http://dx.doi.org/10.2305/IUCN.UK.2015-2.RLTS.T15955A50659951.en
http://dx.doi.org/10.2305/IUCN.UK.2015-2.RLTS.T15955A50659951.en
https://doi.org/10.1645/ge-127r
https://www.doi.org/10.7589/JWD-D-22-00070
javascript:;
javascript:;
javascript:;
https://www.doi.org/10.7589/JWD-D-20-00067
https://doi.org/10.1016/s0140-6736(17)31930-x
https://doi.org/10.1016/j.parint.2024.102992
https://doi.org/10.3390/ani10112154.
https://www.doi.org/
https://www.doi.org/
https://www.doi.org/
https://www.doi.org/
https://doi.org/10.1016/j.ijppaw.2015.01.006
https://www.doi.org/
https://pubmed.ncbi.nlm.nih.gov/?term=
https://pubmed.ncbi.nlm.nih.gov/?term=
https://pubmed.ncbi.nlm.nih.gov/?term=
https://pubmed.ncbi.nlm.nih.gov/?term=
https://doi.org/10.3347/kjp.2001.39.1.1
https://doi.org/10.1016/S0304-4017(97)00030-7
https://doi.org/10.1186/s13071-015-1015-y
https://ctujsvn.ctu.edu.vn/index.php/ctujsvn/article/view/2675
http://tapchi.hoithuyvietnam.org.vn/ky-sinh-trung-duong-ruot-tren-cho-va-nguy-co-truyen-lay-sang-nguoi.htm
http://tapchi.hoithuyvietnam.org.vn/ky-sinh-trung-duong-ruot-tren-cho-va-nguy-co-truyen-lay-sang-nguoi.htm
https://www.ncbi.nlm.nih.gov/
https://pubmed.ncbi.nlm.nih.gov/?term=Tongsukh+D&cauthor_id=30014834
https://pubmed.ncbi.nlm.nih.gov/?term=Oduro-Boateng+G&cauthor_id=30014834
https://pubmed.ncbi.nlm.nih.gov/?term=Harrison+S&cauthor_id=30014834
https://pubmed.ncbi.nlm.nih.gov/?term=Okoshi+S&cauthor_id=5750134
https://doi.org/10.1292/jvms1939.30.151


Nguyen et al., 2025 

 

292 

Okulewicz A, Lonc E, and Borgsteede FHM (2002). Ascarid nematodes in domestic and wild terrestrial mammals. Polish Journal of Veterinary 

Science, 5(4): 277-281. Available at: https://www.pubmed.ncbi.nlm.nih.gov/12512563/ 

Okulewicz A (2008). The role of paratenic hosts in the life cycles of helminths. Wiadomości Parazytologiczne, 54(4): 297-301. Available at: 

https://www.pubmed.ncbi.nlm.nih.gov/19338219/ 

Okulewicz A, Perec-Matysiak A, Buńkowska K, and Hildebrand J (2012). Toxocara canis, Toxocara cati and Toxascaris leonina in wild and domestic 

carnivores. Helminthologia, 49(1): 3-10. DOI: https://www.doi.org/10.2478/s11687-012-0001-6 

Pasricha SR, Caruana SR, Phuc TO, Casey GJ, Jolley D, Kingsland S, Tien NT, Macgregor L, Montresor A, and Biggs BA (2008). Anaemia, iron 
deficiency, meat consumption and hookworm infection in women of reproductive age in Northwest Vietnam. The American Journal of Tropical 

Medicine and Hygiene, 78(3): 375-381. Available at: https://www.pmc.ncbi.nlm.nih.gov/articles/PMC5619638/ 

Quintero LR, Pulido-Villamarín A, Parra-Romero A, Castañeda-Salazar R, Pérez-Torres J, and Vela-Vargas IM (2023). Andean bear gastrointestinal 

parasites in Chingaza Massif, Colombia. International Association for Bear Research and Management, 34(e4): 1-10. DOI: 
https://www.doi.org/10.2192/URSUS-D21-00020.1 

Ram H, Nehra AK, Banerjee PS, Garg R, Karikalan M, Pawde AM, Sharma AK, and Singh RK (2020). Opportunistic parasites associated mortality in 

a nutritionally compromised young wild Bengal tiger. Indian Journal of Animal Sciences, 90(4): 543-546. DOI: 

https://www.doi.org/10.56093/ijans.v90i4.104191 

Rausch RL, and Fay FH (2011). Toxascaris leonina in Rodents, and Relationship to Eosinophilia in a Human Population. Comparative Parasitology, 
78(2): 236-244. DOI: https://www.doi.org/10.1654/4504.1 

Remesar S, Busto C, Díaz P, Rivas O, López-Bao JV, Ballesteros F, and García-Dios D (2024). Presence of gastrointestinal and bronchopulmonary 

parasites in Cantabrian brown bears. European Journal of Wildlife Research, 70: 23. DOI: https://www.doi.org/10.1007/s10344-024-01779-2 

Rep BH, van Joost KS, and Vetter JC (1971). Pathogenicity of Ancylostoma ceylanicum. VI. Lethal blood loss in hookworm infection. Tropical and 

Geographical. Medicine, 23(2): 184-193. Available at: https://www.pubmed.ncbi.nlm.nih.gov/4936222/ 

Rostami A, Riahi SM, Omrani VF, Wang T, Hofmann A, Mirzapour A, Foroutan M, Fakhri Y, Macpherson CNL, and Gasser RB (2020). Global 
Prevalence estimates of Toxascaris leonina infection in dogs and cats. Pathogens, 9(6): 503. DOI: 

https://www.doi.org/10.3390/pathogens9060503 

Singh P, Gupta MP, Singla LD, Singh N, and Sharma DR (2006). Prevalence and chemotherapy of gastrointestinal helminthic infections in wild 
carnivores of Mahendra Choudhury Zoolgoical Park, Punjab. Journal of Veterinary Parasitology, 20(1): 17-23. DOI: 

https://www.doi.org/10.11609/JoTT.o1767a.62-4 

Smout FA, Thompson RCA, and Skerratt LF (2013). First report of Ancylostoma ceylanicum in wild canids. International Journal for Parasilology: 

Parasites and Wildlife, 2: 173-177. DOI: https://www.doi.org/10.1016/j.ijppaw.2013.04.003 

Soulsby EJL (1982). Helminths, arthropods and protozoa of domesticated animals, 7th Edition. ELBS and Bailliere Tindall., London, pp. 142-199. 
Available at: https://www.cabidigitallibrary.org/doi/full/10.5555/19832217454 

Tamura K, Stecher G, and Kumar S (2021). MEGA11: Molecular evolutionary genetics analysis, version 11. Molecular Biology and Evolution, 38(7): 

3022-3027. DOI: https://www.doi.org/10.1093/molbev/msab120 

Tenorio JCB, Tabios IKB, Inpankaew T, Ybañez AP, Tiwananthagorn S, Tangkawattana S,  and Suttiprapa S (2024). Ancylostoma ceylanicum and 

other zoonotic canine hookworms: Neglected public and animal health risks in the Asia–Pacific region. Animal Diseases, 4: 11. DOI: 
https://www.doi.org/10.1186/s44149-024-00117-y 

Thawait VK, Maiti SK, and Dixit (2014). Prevalence of gastro-intestinal parasites in captive wild animals of Nandan Van Zoo, Raipur, Chhattisgarh. 

Vetẻinary World, 7(7): 448-451. DOI: https://www.doi.org/10.14202/vetworld.2014.448-451 

Traub RJ (2013). Ancylostoma ceylanicum, a re-emerging but neglected parasitic zoonosis. International Journal for Parasitology, 43(12-13): 1009-

1015. DOI: https://www.doi.org/10.1016/j.ijpara.2013.07.006 

Traub RJ, Zendejas-Heredia PA, Massetti L, and Colella V (2021). Zoonotic hookworms of dogs and cats – Lessons from the past to inform current 
knowledge and future directions of research. International Journal for Parasitology, 51(13-14): 1233-1241. DOI: 

https://www.doi.org/10.1016/j.ijpara.2021.10.005 

Zendejas-Heredia PA, Robleto-Quesada J, Solano A, Rojas A, and Colella V (2024). Zoonotic Ancylostoma ceylanicum infection in Coyotes from 

Guanacaste Conservation area, Costa Rica. Emerging Infectious Diseases, 30(6): 1258-1262. DOI: https://www.doi.org/10.3201/eid3006.231618 

Zendejas-Heredia PA, Colella V, Macpherson MLA, Sylvester W, Gasser RB, Macpherson CNL, and Traub RJ (2022). Ancylostoma ceylanicum 
hookworms in dogs, Grenada, West Indies. Emerging Infectious Diseases, 28(9): 1870-1872. DOI: https://www.doi.org/10.3201/eid2809.220634 

Zhu XQ, D’Amelio S, Palm HW, Paggi L, George-Nascimento M, and Gasser RB (2002). SSCP-based identification of members within the 

Pseudoterranova decipiens complex (Nematoda: Ascaridoidea: Anisakidae) using genetic markers in the internal transcribed spacers of ribosomal 

DNA. Parasitology, 124(6): 615-623. DOI: https://www.doi.org/10.1017/s0031182002001579 

 

 

 

 

 

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 

 

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 

use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit 

to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The 

images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in 

a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 

permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. 

To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/. 

© The Author(s) 2025 

https://www.safetylit.org/week/journalpage.php?jid=16347
https://pubmed.ncbi.nlm.nih.gov/19338219/
http://dx.doi.org/10.2478/s11687-012-0001-6
https://www.ajtmh.org/abstract/journals/tpmd/tpmd-overview.xml
https://www.ajtmh.org/abstract/journals/tpmd/tpmd-overview.xml
https://www.doi.org/
https://www.doi.org/
http://dx.doi.org/10.1654/4504.1
https://pubmed.ncbi.nlm.nih.gov/4936222/
https://doi.org/10.3390/pathogens9060503
http://dx.doi.org/10.11609/JoTT.o1767a.62-4
https://doi.org/10.1016/j.ijppaw.2013.04.003
https://www.cabidigitallibrary.org/doi/full/10.5555/19832217454
https://doi.org/10.1093/molbev/msab120
https://www.doi.org/10.1186/s44149-024-00117-y
https://doi.org/10.1016/j.ijpara.2013.07.006
https://doi.org/10.1016/j.ijpara.2021.10.005
https://doi.org/10.3201/eid3006.231618
https://www./
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

